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Purpose: This review aims to clarify the role of ophthalmic steroids in polypoidal choroidal vasculopathy (PCV) treatment.
Methods: A systematic literature search was performed using Scopus, PubMed, MEDLINE, Cochrane, ProQuest, and manual
searches. The primary outcome was changes in best-corrected visual acuity. The secondary outcomes were anatomical changes and
incidence of adverse events.

Results: Of the 100 articles identified, 9 studies were included: six treatment-naive studies, two anti-VEGF resistant studies, and one
involving hemorrhagic retinal detachment. Triamcinolone acetonide was administered in seven studies, and dexamethasone in two.
Altogether, 194 eyes received ophthalmic steroids in the form of intravitreal solution and slow-released implant. Overall, eight out of
nine studies revealed visual acuity improvement from baseline to final follow-up, although only two studies reported significant results
(0.33 £ 0.29 logMAR and 0.66 + 0.28 logMAR) to final follow-up (0.16 £ 0.27 logMAR and 0.36 £+ 0.31 logMAR). Adverse events
were documented in six studies, with cataracts (6/96) and ocular hypertension (10/96) being the most common. Polyp regression and
pigment epithelial detachment rates demonstrated a decline ranging from 50% to 100%. The maximum reduction observed in the
central foveal thickness and central retinal thickness was —131.4 pm and —261.7 um, respectively.

Conclusion: Ophthalmic steroids may serve as an effective adjunctive treatment for PCV patients, irrespective of anti-VEGF
resistance or hemorrhagic involvement, and may be considered as a potential monotherapy in resource-limited settings, with minimal
side effects.
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Introduction
Polypoidal choroidal vasculopathy (PCV) is a vascular disease of the choroid characterized by serosanguineous retinal
pigment epithelial detachment. In the natural progression of PCV, approximately 50% of the patients experienced
ongoing leakage or recurrent bleeding, thus leading to poor visual outcomes and potentially irreversible vision loss."
Sho et al reported that 35% of eyes with idiopathic polypoidal choroidal vasculopathy (IPCV) suffered severe visual
loss.? Previous studies have identified a higher prevalence of PCV among the Asian population compared to the
Caucasian, at 61.6% and 8.7%, respectively.* This growing prevalence, particularly in Asia, has contributed to the
increasing global attention on PCV.?

Despite its morbidity, there is no clear consensus regarding the best practice for managing PCV in clinical practice.
Several treatment options have been recommended for PCV, including thermal laser photocoagulation, photodynamic

therapy (PDT) with verteporfin, anti-VEGF monotherapy, and combination therapy.®® However, most recent potent anti-
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VEGFs (eg Aflibercept and Faricimab) and PDT are not widely available in several countries, thus pushing ophthalmol-
ogists to seek out easily accessed therapeutic agents for management. Steroids are highly accessible, and their use in
PCYV, specifically triamcinolone acetonide and dexamethasone, has been reported to generate promising visual outcomes.

Despite the positive results, the role of steroids in PCV remains unclear. Several studies have reported that
inflammation contributes to the pathogenesis of PCV.>"'? Through an animal model and human specimen, Kumar et al
discovered immune complex deposition, complement activation, and elevated infiltration of inflammatory cells in severe
PCV, thus suggesting that inflammation plays a crucial role in the progression of PCV.” Several studies have also
identified elevated levels of the systemic inflammatory marker C-reactive protein (CRP) in PCV patients, which has been
significantly associated with an increased risk of developing the disease.'®"’

Moreover, anti-inflammatory glucocorticoids were effective in slowing the progression of PCV as they prevented the
formation of large lesions in the mouse model.” This approach is based on findings that suggest an inflammatory process
in PCV. With promising benefits, several observational studies have reported the use of ophthalmic steroids for PCV
patients. However, the role of local steroids in PCV remains uncertain, with no guidelines recommending its use. Here,
we conducted a systematic review to clarify the role of ophthalmic steroids in managing PCV in terms of improvement in
BCVA, anatomical changes, and safety.

Methods

Protocol and Registration

An a priori protocol was established and registered to PROSPERO (CRD42024560587). Afterward, systematic review
was conducted according to the Cochrane Handbook for Systematic Reviews of Interventions and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Eligibility Criteria

The criteria for including evidence were as follows: (1) original research papers (randomized controlled trials [RCTs] and
nonrandomized controlled trials [NRCTs]) or observational studies; (2) studies involving patients with active PCV; (3)
use of an intervention regimen that includes local steroid injections; and (4) outcomes measured include changes in visual
acuity, anatomical changes, and safety or adverse events. The primary outcome of interest is changes in visual acuity, as
this reflects the patient’s visual function. Secondary outcomes include the incidence of adverse events and anatomical
changes. Exclusion criteria were (1) animal studies, (2) review articles, and (3) studies not published in English.

Search Methods

Relevant studies were identified through a search of databases including MEDLINE, PubMed, Scopus, Cochrane,
ProQuest, and manual searches, using Medical Subject Headings (MeSH) and keywords without any date restrictions.

CEINNT3 ER I3

The keywords used included “polypoidal choroidal vasculopathy”, “steroid injections”, “triamcinolone”, “dexametha-
sone”, “visual acuity”, “adverse effect”, “optical coherence tomography”, “fluorescein angiography”, and “indocyanine
green angiography”. Institutional Review Board approval was not required as this study is a systematic review. The study

followed the principles outlined in the Declaration of Helsinki.

Study Selection and Data Collection
Two independent reviewers (IT, MK) conducted all the assessments (selection based on the title or abstract, full-text
screening, data collection, and risk of bias assessment). Any disagreement between the reviewers was resolved through
discussion between them. After removing duplicates, irrelevant studies were excluded by screening titles and abstracts.
Studies that were selected by both reviewers were then retrieved and subjected to a full-text screen.

We then independently identified and extracted relevant information:

1. Study design, year, duration, and follow-up time.
2. Study population: population characteristics, type of PCV.
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3. Treatment methods: monotherapy, double therapy, or triple therapy.

4. Outcomes: final best-corrected visual acuity (BCVA), the incidence of adverse events, rate of polyp regression,
changes in central retinal thickness (CRT) and central foveal thickness (CFT), and the proportion of patients with
improved pigment epithelial detachment (PED). For continuous outcomes, the mean and standard deviation (SD)
were extracted. For binary outcomes, the total number of participants and the number of events were documented.

5. Statistical analysis: p-value.

Assessment of Methodological Quality

The two reviewers assessed the risk of bias for single-arm studies using the 12-item Quality Assessment Tool for Before-
After (Pre-Post) Studies with No Control Group from the National Institutes of Health (NIH).'* Meanwhile, for cohort
studies, Newcastle-Ottawa Scale (NOS) was used to assess the risk of bias.'* Any disagreements were resolved through
discussion. The level of bias was taken into account when synthesizing the data.

Data Synthesis and Analysis

Covidence systematic review software (Veritas Health Innovation, Australia) was utilized to import references from each
database, handle duplicate removal, and conduct the screening process. Due to the clinical and methodological
differences among the studies, a meta-analysis was not performed.

Results
Study Selection

A literature search from electronic databases identified 100 potential papers. After removing 41 duplicates, 59 articles
underwent title and abstract screening. Additional 44 articles were excluded for not meeting the inclusion and exclusion
criteria. Full-text screening eliminated 6 articles, leaving 9 papers for synthesis and analysis (Figure 1).

Study Characteristics

Out of the 9 studies that met the inclusion criteria, only 2 were prospective cohorts, and 4 were comparative. Four studies
included treatment-naive patients, while two studies assessed anti-VEGF-resistant patients, another two evaluated
patients with subretinal/macular hemorrhage or serous neurosensory detachment, and one study recruited patients with
pre-existing cerebrovascular or cardiovascular ischemia. A total of 188 patients (194 eyes) were analyzed, 140
participants (74.5%) were males and 48 (25.5%) were females. The intervention was mostly done with a triple therapy
regimen (four studies), consisting of ophthalmic steroids, anti-VEGF ophthalmic injection, and photodynamic therapy
with verteporfin. Lens status and baseline intraocular pressure (IOP) were only recorded in three studies with mixed
baseline results.'>** Details of general study characteristics and baseline measurements can be seen in Table 1.

Single-Arm Studies

A total of 5 single-arm studies were evaluated. Monotherapy was employed in one study, whereas double and triple
therapy regimens were applied in two studies each. Three studies utilized triamcinolone acetonide (TA), administered as
an intravitreal (IV) or subtenon (ST) injection. Intravitreal triamcinolone acetonide (IVTA) was dosed at 1 milligram
(mg), while subtenon triamcinolone acetonide (STTA) was set at 20mg. Intravitreal dexamethasone was used in two
cohorts, one of which was done with an implant. Dexamethasone IV implant (DII) dosage was set at 0.7 mg, whereas the
suspension version was at 600 micrograms (ug). All studies employed a pro re nata (PRN) regimen. Additional therapies
include different kinds of anti-VEGF injections, dosed according to the chosen anti-VEGF agent (0.5-2 mg), and PDT
(50 J/em? or 600 mW/cm? for 83 seconds) with verteporfin (6 mg/m?).">'%'82° Details can be seen in Table 2.

Double-Arm Studies

Triamcinolone acetonide was the steroid agent utilized in all studies, albeit with different routes of administration. Periocular
TA (POTA) was given as a single therapy at 1 mg once a month for the first 3 months, while IVTA and STTA were given in
combination with other therapies at 600 ug, 2 mg, and 4 mg. Double therapy was given with a PDT (50 J/cm?® or 600 mW/
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N

Studies included in review (n = 9)

Figure | Summary flowchart of search results and study selection.

cm? for 83 seconds) with verteporfin (6 mg/m?). Triple therapy added a bevacizumab intravitreal injection (IVB) dosed at
2 mg. Two studies utilized PDT monotherapy for the comparator group, while the rest either used an anti-VEGF mono-
therapy or a double therapy of anti-VEGF and PDT. All studies, except for Zhang et al (2018), employed a pro re nata (PRN)
treatment principle for their intervention and comparator groups.'”?'"?* Details are in Table 3.

Study Quality Assessments

The NIH “Before-After Studies with No Control Group” study quality assessment was used to assess single-arm studies,
and a summary of quality assessment is presented in Table 4. Three of the five studies were of high-quality studies, while
two others posed some risks of bias, mainly due to lack of reports on the blinding of assessors, sample size formula, and

unreported statistical test values.'>'%!'#2°

Four cohorts were evaluated using the NOS scoring tool, where a summary is presented in Table 5. Three studies
were of high quality, whereas one study received a moderate score (6) due to the lack of control over important variables

during analysis and insufficient length of follow-up.'”*'">

GRADE Assessment

GRADE evaluations found moderate and low rating outcomes. Most outcomes started with a low rating due to the
observational design of included studies. Several outcomes were upgraded due to larger effect sizes. Summary of

GRADE evaluations and rationale is presented in Table 6.
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Table | Demographic and Baseline Characteristics of Included Studies

Study Study type Study Follow-up time Final Type of PCV Total sample Age Male | Therapy Initial BCVA
Authors (year), Country quality follow-up (patients, eyes) (years) © (n) regimen (logMAR) ©
time

Yoshikawa et al, (2024), Retrospective | Good * Monthly (first 3 months) 3" month Treatment-naive 19, 19 746 £ 74 16 DT 0.21 £0.29

Japan'®

Mallikarjun et al, (2022), Retrospective | Good ¢ | First and fourth month, and Last visit Anti-VEGF resistant 1,12 64.7 £ 95 4 DT 0.63 + 0.48

India'® last visit

Zhang et al, (2018), China'’ Prospective Fair® Monthly 3" month | PCV with hemorrhagic 22,22 OA: 52-78 14 MT IA: 0.07 + 0.05

retinal detachment CA: 0.07 £ 0.05

Sakai et al, (2017), Japan'8 Retrospective | Good Every 3 months 12" month Aflibercept-resistant 13, 13 68.1 £ 10.1 9 TT 0.33 £0.29

Liang et al, (2017), Taiwan'’ Retrospective Fair? Monthly Last visit Treatment-naive 7,8 758 £ 13.6 7 MT 1.30 £ 0.78

Ho et al, (2016), China?® Prospective Fair ¢ First week, first, third, 12*" month Treatment-naive 13, 17 69 £+ 16.3 9 TT 0.65 + 0.38

sixth, and twelfth month

Sakai et al, (2014), Japanz' Retrospective High® Every 6 months 36™ month Treatment-naive 36, 36 1A: 742 + 6.4 33 TT IA: 0.66 * 0.28
CA: 729 £ 6.8 CA: 0.70 £ 0.29

Nakata et al, (2013), Japan?? Retrospective High® Every 3 months 24™ month Treatment-naive 40, 40 IA: 737 £ 5.8 29 TT 1A: 0.50 £ 0.31
CA: 733 £99 CA: 0.36 £0.13

Lai et al, (2010), China®® Retrospective High® Every 12 months 24" month Treatment-naive 27, 27 IA: 66.1 * 8.1 19 DT IA: 0.58 + 0.41
CA: 65.6 £ 11 CA: 0.74 £ 0.41

Notes: * National Institute of Health (NIH) Study Quality Assessment Tool. ® Newcastle-Ottawa Scale (NOS). ¢ Mean or median + SD or (range).
Abbreviations: |A, intervention arm; CA, comparative arm; OA, overall arm; MT, monotherapy; DT, double therapy; TT, triple therapy; PCV, polypoidal choroidal vasculopathy; anti-VEGF, anti-vascular endothelial growth factor.
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Table 2 Characteristics of Single-Arm Cohort Studies

Study Number Steroids Steroids Dosage | Frequency Additional therapies
Authors (year), Country of eyes active route of (mg) of steroids
analyzed agent administration Anti-VEGF | Dosage Route of Frequency Photodynamic Dosage Frequency
therapy (mg) administration of anti- therapy (PDT) (mg) of PDT
VEGF

Monotherapy
Liang et al, (2017), Taiwan'® 8 TA \'% | 1%, - - - - - - -

pro re nata
Double therapy
Yoshikawa et al, (2024), 19 TA ST 20 1%, Brolucizumab 6 mg v 1%, - - -
JapanIS pro re nata pro re nata
Mallikarjun et al, (2022), 12 DXM v 0.7 Ix Bevacizumab 1.25 mg v 1%, - - -
India'® implant / 0.5 mg pro re nata

Ranibizumab 1.25 mg
/ Aflibercept

Triple therapy
Sakai et al, (2017), Japan'® 13 TA ST 20 1%, Aflibercept 2 mg \% 1%, PDT with 50 J/cm? for 1%,

pro re nata pro re nata verteporfin 83s pro re nata

Verteporfin:
6 mg/m?

Ho et al, (2016), China®® 17 DXM 1\ 0.6 Ix, Aflibercept 2 mg \% 1%, PDT with 600 mW/ Ix

pro re nata pro re nata verteporfin cm? for 83s

Verteporfin:
6 mg/m?

Abbreviations: TA, triamcinolone acetonide; DXM, dexamethasone; IV, intravitreal; ST, subtenon; PDT, photodynamic therapy; anti-VEGF, anti-vascular endothelial growth factor.
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Table 3 Characteristics of Double-Arm Cohort Studies

Study Number of Steroids Steroids | Dosage Frequency Intervention therapies Comparator Dosage &
Authors (year), eyes analyzed active RoA (mg) of steroids therapy Frequency
Country Total agent Anti-VEGF | Dosage | RoA | Frequency Photodynamic Dosage Frequency (mg)
(intervention, therapy (mg) of anti- therapy (PDT) (mg) of PDT
comparator) VEGF
Monotherapy
Zhang et al, (2018), 22 TA PO | 3x, - - - - - - - Anti-VEGF 0.5 mg
China'” (12, 10) first three (Ranibizumab) 3x, first
months three
months
Double therapy
Lai et al, (2010), 27 TA \% 4 Ix, - - - - PDT with 600 mW/ 1x, PDT Ix,
China®® (15, 12) pro re nata verteporfin cm? for 83s pro re nata monotherapy pro re nata
Verteporfin:
6 mg/m?
Triple therapy
Sakai et al, (2014), 36 TA ST 20 1, Bevacizumab - \% 1, PDT with 50 J/cmZ for 1, Anti-VEGF Ix,
Japan®' (19, 17) pro re nata pro re nata verteporfin 83s pro re nata (Bevacizumab) pro re nata
Verteporfin: +
6 mg/m? PDT
Nakata et al, (2013), 40 TA v 2 I, Bevacizumab 2 mg v I, PDT with 50 J/cm2 for Ix, PDT Ix,
Japan?? (24, 16) pro re nata pro re nata verteporfin 83s pro re nata monotherapy pro re nata
Verteporfin:
6 mg/m?

Abbreviations: RoA, route of administration; TA, triamcinolone acetonide; PO, periocular; IV, intravitreal; ST, subtenon; PDT, photodynamic therapy; anti-VEGF, anti-vascular endothelial growth factor.
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Table 4 Summary of National Institute of Health — Before—After Studies With No Control Group Scores
for Single-Arm Studies

Study 1 (23] 4 5 (6|7 8 [9(10] Il 12 | Study Quality
Authors (year), Country

Yoshikawa et al, (2024), Japan'®> | v | v | v [NA [ NR | v [ v [ NR | x| v | NR | NA | Good quality

Mallikarjun et al, (2022), India'® | v [ v | v | NA | NR [ v | v [NR [ x| v | NR [ NA Good quality

Sakai et al, (2017), Japan'® v|iv|v|[NA|[NR|v|v|[NR|x| v |NR|NA| Good quality
Liang et al, (2017), Taiwan'’ v|iv | v|[NA|NR|[v | v | NR|x| x | NR|NA Poor quality
Ho et al, (2016), China®® v|v|v|[NR|[NR|v|v|[NR|x| v |NR|NA Fair quality

Abbreviations: v, yes; x, no; NR, not reported; NA, not applicable.

Final BCVA
All studies reported baseline BCVA results, predominantly under 1.00 logMAR except for Liang et al (2017), which
started with a mean BCVA of 1.30 (0.76, 1.84)."°%

Within the non-comparative study pool, Mallikarjun et al (2022) and Liang et al (2017) reported mean final BCVA at
last visit, with a range of last-follow up time at 6.6—41.6 months and 9-35 months, respectively. All studies, except
Mallikarjun et al (2022), reported final BCVA improvement, although the significance of final BCVA result was only
seen in the triple therapy study by Sakai et al (2017).'>'%182% Details from single-arm studies’ conclusions on the
intervention’s efficacy to BCVA are presented in Table 7.

As for the comparative studies, three out of four studies showed lower mean BCVA results compared to the no-steroid
cohorts. Double therapy studies did not report any significant results for BCVA comparison between every follow-up
result to the baseline value.'”?'** VA results of comparative studies and each study’s conclusion on VA efficacy are
presented in Table 8.

Adverse Events

Ten ophthalmic complications were recorded from nine included studies. Ocular hypertension was reported in seven
studies, with two articles documenting a total of 10 previously non-glaucomatous samples that suffered an increase in
IOP with a need for an IOP-lowering medication. However, only Lai et al (2010) demonstrated a significant association
between ocular hypertension and a steroids-based therapy regimen (7/15; p < 0.05) compared to a non-steroid-based
therapy regimen. There was also a significantly higher incidence of cataracts in the study by Lai et al (2010), with five
out of 15 patients in the intervention group developing cataracts after therapy (p < 0.05). Additionally, cataract
complications were reported in two other studies: Liang et al (2017) observed cataracts in two participants, and
Nakata et al (2013) reported only one participant.'®**?* In Nakata et al (2013), the incidence of cataract-related adverse
events was not significantly different between eyes treated with or without ophthalmic steroids. Other complications,
such as various posterior segment hemorrhages, retinal tears, and other subjective complaints post-therapy, were
documented in detail in Table 9.

Polyp Regression

The rate of polypoidal lesion regression was documented in four studies, defined as complete disappearance of lesions
through fluorescence angiography (FA) and indocyanine green angiography (ICGA). Yoshikawa et al (2024) suggested
a complete regression on 89.5% (17/19) of their populations at 3 months (17/19 eyes), while Ho et al (2016) achieved
less at 6 months post-intervention despite a lower sample size (82%; 13/17). At 12 months, Sakai et al (2017) reported
a total regression rate on all participants (13/13), while at 24 months, Nakata et al (2013) suggested that 91.7% of eyes
included in their study (22/24) showed complete disappearance of polypoidal lesions. Nakata et al (2013) also compared
their intervention group’s polyp regression rate to the rate achieved in the comparator group at a 2-year follow-up, which
revealed no significant difference (22/24 [91.7%] vs 13/16 [81.3%]).!%!8-20-22

922 hetps: Clinical Ophthalmology 2025:19
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Table 5 Summary of Newcastle-Ottawa Scores for Double-Arm Studies

Study Selection Comparability Exposure Total Study
Authors (year), Country scores | quality
Adequacy of Representativeness | Selection of | Definition of Ascertainment Same method of Nonresponse
case definition of the cases controls controls of exposure ascertainment rate

Zhang et al, (2018), China'’ & * * * = & - * 6 Fair
quality

Sakai et al, (2014), Japan®' * * * * * * * * 8 High
quality

Nakata et al, (2013), Japan?? * * * * * * * * 8 High
quality

Lai et al, (2010), China®® * * * * * * * * 8 High
quality

|e 32 ouoLpy
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Table 6 Summary of Findings From Grading of Recommendations, Assessment, Development and Evaluation (GRADE) Evaluation

Outcome Studies | Number of patients | Certainty of the Evidence (GRADE) | Rationale for downgrading | Rationale for upgrading
Final BCVA 9 188 Low Risk of bias None
Inconsistency
Imprecision
Adverse events 6 91 Low Risk of bias None

Inconsistency

Polyp regression 4 73 Moderate Risk of bias Large effect size
Imprecision

Final CRT 2 25 Low Risk of bias None
Inconsistency
Imprecision

Final CFT 3 60 Low Risk of bias None
Inconsistency
Imprecision

PED reduction 4 66 Moderate Risk of bias Large effect size
Imprecision

Central Retinal Thickness (CRT)

Mallikarjun et al (2022) and Sakai et al (2017) were the only articles to measure and compare CRT between baseline
values. At presentation, mean CRT was measured at 583 + 285.12 um and 569 + 262 um for Mallikarjun et al (2022) and
Sakai et al (2017), respectively. One month after intervention, a significant change in mean CRT was witnessed in
Mallikarjun et al (2022), specifically, down —261.7 pm from baseline thickness (321.3 + 134.18 um; p < 0.01). As for
Sakai et al (2017), changes in mean CRT were recorded every 3 months until 12 months after the intervention, all of
which showed significant reduction compared to its baseline value (p < 0.01). The lowest mean thickness was seen 3
months after intervention (226 + 39 pum), although the final mean measurement (239 = 43 um) was not far different from

the lowest measurement recorded.'®!8

Central Foveal Thickness (CFT)

Three studies measured central foveal thickness as a therapeutic response parameter. At baseline, Yoshikawa et al (2024),
Ho et al (2016), and Nakata et al (2013) reported similar CFT measurements; 329.2 + 128.8 um, 394.7 £ 70.6 um, and
392.1 £+ 129.5 pm, respectively. One-month post-treatment, Yoshikawa et al (2024) found a —131.4 um reduction in mean
thickness (197.8 + 64.2 um), whereas Ho et al (2016) achieved 20 um less in mean thickness reduction than Yoshikawa
et al (—102.7 um; 292 + 77 um). Two years after intervention, Nakata et al produced a significant difference between the
mean thickness of 230 + 66 um in the intervention group and 283 + 204 um in the comparator group. When compared to

their baseline values, all studies reported significance, except for Ho et al’s (2016) result at one-year follow-up.'>2%*

Presence of Pigment Epithelial Detachment (PED)

Four studies reported the number of eyes with PEDs among participants. Mallikarjun et al (2022) showed a reduction
from 9 eyes (75%) with PEDs initially to 3 eyes (25%) at the final follow-up. Sakai et al (2017) started with 13 eyes
(100%) and observed a decrease to 4 eyes (30.8%) after one year of treatment. Nakata et al (2013) began with 23 eyes
(57.5%) and found 5 eyes (12.5%) with persistent PEDs after two years. Ho et al (2016), who started with 12 eyes

(70.6%), was the only study to record a complete resolution of PEDs in all cases after one year.'®'#2%22

Discussion
This systematic review evaluated the efficacy and safety of ophthalmic steroids for PCV. Our analysis revealed that the
use of ophthalmic steroids as a monotherapy or a combination therapy regimen for PCV patients may provide significant

924 hetps: Clinical Ophthalmology 2025:19
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Table 7 Summary of BCVA Findings in Single-Arm Studies

Study Preoperative Postoperative visual acuity (Mean * SD) Conclusion

Authors (year), visual acuity

Country (Mean t SD) I month 2 months 3 months 6 months 9 months 12 months Last visit

Mean | p-value® | Mean | p-value* | Mean | p-value® | Mean | p-value® | Mean | p-value* | Mean | p-value® | Mean | p-value®
+SD +SD * SD +SD +SD +SD +SD

Monotherapy

Liang et al, (2017), 1.30 £ 0.78 1.28 + - 1.04 + - - 115 + - Mean VA compared to

Taiwan'? 0.82 0.62 0.32 baseline: Improved at every
follow-up visit. Mean change
from baseline to last visit was
—0.15 £ 0.46.

Double therapy

Yoshikawa et al, (2024), 0.21 £ 0.29 0.17 £ >0.05 0.12 £ 0.02 0.17 £ >0.05 - Mean VA compared to

Japan'® 0.24 0.18 0.30 baseline: Significant
improvement at 2 months
follow-up.

Mallikarjun et al, 0.63 + 0.48 0.64 + 0.85 - 0.70 + 0.34 Mean VA compared to

(2022), India'® 0.50 0.72% baseline: Decline at | month
and last follow-up visit. Results
were insignificant.

Triple therapy

Sakai et al, (2017), 0.33+£029 0.20 0.0l 0.19 + 0.02 0.17 = <0.01 0.16 + <0.01 Mean VA compared to

Japan'® 0.26 0.27 027 0.27 baseline: Significant
improvement at every follow-
up visit (3-month interval).

Ho et al, (2016), 0.65 + 0.38 0.36 + <0.01 037 0.0l - 035+ 0.29 Mean VA compared to

China®® 0.38 0.44 0.41 baseline: Significant

improvement at | month and
6 months. Improvement at

| year follow-up was
insignificant.

Notes: *: converted from median and interquartile range (IQR) results. * p-value baseline versus follow-up.
Abbreviations: SD, standard deviation; VA, visual acuity.
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Table 8 Summary of BCVA Findings in Double-Arm Studies

Study Group Preo p-value* Postoperative visual acuity (Mean logMAR % SD) Conclusion
Authors perative
(year), visual | month 2 months 3 months 6 months 12 months 18 months 24 months 30 months 36 months
Country acuity
(b Meant | pvalue® | Meant | p-value® | Meant | p-value® | Mean* | p-value® | Mean* | pvalue® | Mean* | pvalue® | Mean* | pvalue® | Meant | pvalue® | Meant | p-value®
Iof:;R SD sD sD sD SD sD sD SD SD
o p-value® p-value® p-value® p-value® p-value® p-value® p-value® p-value® p-value®
p-value”)
Monotherapy
Zhang 1A 125 076 0.80 + 021 0.62 0.04 048 + 0.02 - - - - - Mean VA between arms:
etal, 1.30- 0.96- 0.91- 0.70- Intervention was
(2018), superior to
China'” cA 125 + 091 + 089 + 082+ R R R R ) control at 2- and 3-months
1.30- 1.00- 082- 091- olcha
Double therapy
Lai et al, 1A 084 + - - - - 0.74 £+ >0.17 - 0.84 >0.17 - - Mean VA between arms:
(010), 025- 0.30- 035- No superiority between
China® arms.
CA 0.74 + - - - 0.58 + - 062 £ - -
0.41- 0.41- 0.38-
Triple therapy
Sakai 1A 0.66 + 0.70 - - 041 = 0.70 039 + 047 036 + 043 036 + 0.16 0.40 £ 0.33 023 0.36 0.04 Mean VA between arms:
etal, 0.28- 031 035 0.34 0.30 0.02 22 Intervention was superior
(2014), 0.02 0.01 <0.01 <0.01 031 to control at 36 months
Japan?! <0.01 follow-up.
Mean VA from follow-up
cA 070+ - - 048 + 048+ 045 + 053+ 056 +036 062 el e iorch)
029- 038 035 036 035 017 : (S (3R D GRETB
0.06 0.06 004 0.2 037 SHRES (e e
042 from baseline VA at every
follow-up.
Mean VA from follow-up
results (every 6 months)
for control group:
Significant improvement at
18 months compared to
baseline VA.
Nakata 1A 0.50 0.12 - - - - 0.40 = 0.10 - - Mean change from baseline
etal, 0.31- 0.38- to 2 years: Intervention
(2013), (-0.10 + 0.32 IogMAR)
Japan™ cA 036 + R R R R 062 % R R was superior to control
013, 043 (+0.25 + 0.45 logMAR) [p
004 <001].
Mean VA from follow-up
results (every 3 months)
for intervention group: No
superiority to baseline VA.
Mean VA from follow-up
results (every 3 months)
for control group:
Significant worsening at 24
months compared to
baseline VA.

Notes: * p-value intervention versus control. bp—value baseline versus follow-up.
Abbreviations: |A, intervention arm; CA, control arm; SD, standard deviation; VA, visual acuity.

|e 32 ouoLpy



61:520T A3ojowieyaydo [e21u1D

isdpy

LT6

Table 9 Adverse Events Incidence in Groups Treated With Ophthalmic Steroids

Study Number of Side Effects
Authors (year), Country eyes analyzed

Cataract | Ocular hypertension requiring Vitreous Submacular Subretinal Suprachoroidal Subretinal RPE Eye Eye

glaucoma medication hemorrhage hemorrhage hemorrhage hemorrhage fibrosis tear | irritation | pain

Yoshikawa et al, (2024), Japan'® 19 0 0 NR NR NR NR NR NR NR NR
Mallikarjun et al, (2022), India'® 12 0 NR NR NR NR NR NR NR NR NR
Zhang et al, (2018), China'’ 12 0 NR | NR NR NR NR NR NR NR
Sakai et al, (2017), Japan'® 13 NR 0 NR | NR NR NR | NR NR
Liang et al, (2017), Taiwan'® 8 2 3 NR NR NR NR NR NR NR NR
Ho et al, (2016), China®® 17 0 0 NR NR NR NR NR NR NR NR
Sakai et al, (2014), Japan®' 19 NR 0 0 0 NR NR 3 0 6 4
Nakata et al, (2013), Japan?* 24 | NR 0 NR NR 0 NR 0 NR NR
Lai et al, (2010), China®? 15 5 7 NR NR 3 NR NR NR NR NR
Total 139 8 10 | | 3 0 3 | 6 4

Abbreviation: NR, not reported.

|e 32 ouoLpy



Adriono et al

VA improvements and other additional benefits, namely better regression rate of polypoidal lesions, reduction of RT, and
elimination of PEDs, with tolerable side effects.

While previous studies suggested the use of anti-VEGF and/or PDT as an effective treatment for PCV, there has not
been a consensus on which therapy is recommended as a first line. It is mainly due to the lack of understanding of the
mechanisms underlying the development and progression of PCV. However, numerous studies support that inflammation
plays a role in the development and progression of PCV. Several studies showed increased cytokines related to
inflammation and angiogenesis (eg IL-31, LIF, VEGF, SDF1-q, IL-23, MCP-1, TNF-a) in the aqueous humor of patients
with PCV that may play a role in the pathogenesis of PCV.**’ A study also showed increased IL-1B expression in the
vitreous body.?® These findings suggested that PCV may be mediated by an inflammatory process, where inflammatory
agents could disrupt the blood-retinal barrier, resulting in vascular leakage. Therefore, targeting inflammation could be
a potential treatment strategy for managing PCV patients. One of the most common drugs used to treat ocular
inflammation is corticosteroids, known for their anti-inflammatory, anti-exudation, and anti-hyperplasia properties. To
limit the systemic side effects of systemic corticosteroids, local routes of administration are often used to manage
posterior ocular inflammation. In our included studies, ophthalmic steroids administered were TA and dexamethasone.
TA was delivered intravitreally (IV) or via subtenon (ST) injection, while dexamethasone was given either as an
intravitreal implant or solution.

Visual Outcomes

To this day, no randomized controlled trial has ever been conducted to assess the efficacy of corticosteroids in managing
PCV, despite its inflammation-associated pathogenesis.”!*'***?® In our treatment-naive population studies, groups
treated with steroids showed improvements, although not all were significant. Notably, one monotherapy study employ-
ing monotherapy IVTA documented a mean BCVA reduction of —0.26 and —0.15 at the 3rd month and last follow-up
examination, respectively. This study indicated that IVTA could be a stand-alone therapeutic management for treatment-
naive PCV, where the availability of the latest therapeutic recommendation (eg anti-VEGF, PDT) is limited. A study
comparing the pharmacokinetic profile of IVTA and STTA revealed that the former could last as long as 91 days within
the vitreous, compared to 54 days for the latter. Moreover, IVTA concentration therapeutic effect (2000-5000 ng/g)
would typically remain for 28 days, whereas TA therapeutic effect in the chorioretinal area would only last for 7 days.*’
Such evidence might suggest that the IV method is a superior route of administration compared to ST for ophthalmic
steroids.

Several studies have labelled the combination of PDT and anti-VEGF to be the best treatment for PCV compared to
an anti-VEGF or PDT monotherapy.®**? However, our steroid-based combination therapy studies revealed mean
BCVA improvement and better mean change compared to the non-steroid groups, except for one study employing
dexamethasone intravitreal implants (DXI).'® Despite the DXI mechanism of releasing higher dose of steroids in the first
6 weeks, a decline in BCVA a month after intervention and at the last follow-up were observed.'®*® It must be
recognized that Mallikarjun et al (2022)’s participants were given DXI after anti-VEGF had been started. However,
Sakai et al (2017) administered Aflibercept-resistant participants with STTA and documented significant mean BCVA
improvements up to 1 year after. This might suggest an inferiority of DXM in the management of PCV. Reverting back to
theory, compared to dexamethasone, TA is less water-soluble, has higher lipophilicity, and forms crystalline structures.
These properties enhance diffusion into the vitreous, allowing a longer duration of effect in the vitreoretinal area
compared to the injection of non-implant DXM solutions, which could explain the discrepancy discussed previously.
If combined with a PRN prescription, TA injection could potentially provide more benefits than other corticosteroid
agents in cases like PCV, where chronic and refractory inflammation contributes to disease pathogenesis.?**%3%3>
Moreover, the addition of ophthalmic steroid, like sub-tenon’s space injection, to the best current existing therapy,
may also have a role in preventing intraocular inflammation that has been observed in brolucizumab therapy.'”

Zhang et al (2018) also suggested IV steroid injection for PCV cases in the treatment of subretinal hemorrhage.'” As
discussed above, inflammatory factors contributed to the occurrence of PCV, one of which is by interrupting the blood-
retinal barrier integrity, leading to vascular exudation and the manifestation of massive subretinal hemorrhage.
Triamcinolone acetonide works by modulating inflammatory pathways, as well as attenuating angiogenesis through the
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modulation of VEGF expression, thus stabilizing the blood-retinal barrier and reducing hemorrhagic occurrence. Hence,
the administration of monotherapy POTA led to successful visual improvements and could be an alternative treatment in
areas with limited access to anti-VEGF and/or PDT.

Adverse Events

Incidence of steroid-induced cataracts and IOP-related adverse events were increased in studies that employed IVTA,
which is consistent with previously published literature applying IVTA as a main intervention.**>° Periocular injection
of steroids was also correlated with a higher risk of ocular hypertension and cataract formation, but studies that utilized
STTA did not report any incidents of the two complications.*®*' Most side effects that arise after DII injection are
commonly seen in the posterior segment, such as retinal tear or detachment and vitreous hemorrhage.*® Yet, Mallikarjun
et al (2022) did not report any side effects relating to the vitreoretinal structures, thus hindering the analysis of the
mentioned complications.'® Although intravitreal corticosteroids demonstrated the most side effects, future studies that
consider the efficacy and safety of each route of administration are needed to consider the viability of ophthalmic steroids
in PCV.

Anatomical Changes

Polypoidal regression rate is an important determinant in achieving therapy success. Our study found that, at three
months, a steroid-based double therapy achieved an 89.5% polyp regression rate at three months, which was higher than
the 69.7% and 71.4% rates seen with non-steroidal double therapies.®'>*? Furthermore, one steroid-based triple therapy
study demonstrated a total regression rate (100%) at 12 months, whereas non-steroidal double therapy could only reach
55.4% and 66.2% regression rates.'®**** Another important anatomical marker is CRT, and steroid-based therapy also
depicted more substantial mean CRT reduction at 12 months than those observed in non-steroidal double therapy.'®4*4°
Similar findings were also seen in CFT, where findings from our review showed higher mean CFT reduction at one
month compared to a non-steroidal double therapy study at six months.'>2%4¢ In terms of PED resolution, our review
showed a 69.2%-78.3% PED resolution at one to two years after a double-therapy or triple-therapy steroid-based
intervention, while the non-steroidal monotherapy study only demonstrated a 61.3% reduction in one year,'®'%20%43
These anatomical findings suggest that steroid-based therapies may offer more significant improvements compared to
non-steroidal regimens. Steroid-based treatments appear to provide greater reductions in polyp regression rate, CRT, and
CFT, as well as more effective resolution PEDs.

A key strength of this review is its systematic approach in analyzing the different methods of corticosteroid
administration for PCV patients. Through this analysis, we aimed to recommend the most effective approach for using
ophthalmic steroids in the treatment of PCV. On the other hand, this review’s limitation is our inability to perform a meta-
analysis, primarily due to the high heterogeneity among the studies. This variability stems from differences in steroid
agents, dosages, frequencies, and additional therapies used within double or triple therapy regimens. Additionally, all
included studies were observational with small sample sizes, which may affect the potential risk of bias and general-
izability of the findings. Furthermore, some studies lack adequate follow-up periods, limiting the report of long-term
treatment effects.

Conclusion

In conclusion, ophthalmic steroids could be considered as a monotherapy in resource-limited setting or as an adjunctive
therapy alongside anti-VEGF and PDT with verteporfin as a triple therapy for PCV patients due to its promising benefit,
minimal side effects, and economic practicability. Future research should include a randomized controlled trial consisting
of steroid-based therapy for treatment-naive and/or anti-VEGF resistant PCV that may be needed to accurately determine
its efficacy.
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