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Abstract

Background: Combined treatment with intravitreal anti-vascular endothelial growth
factor (anti-VEGF) and verteporfin photodynamic therapy (PDT) is widely used for
patients with polypoidal choroidal vasculopathy (PCV), although clinical evidence
regarding the therapeutic efficacy and safety of such treatment remains lacking.
Design/Methods: We performed a meta-analysis of previously reported studies
comparing combination treatment, PDT monotherapy, and anti-VEGF monother-
apy. Primary outcome measures included changes in best-corrected visual acuity
(BCVA) and central retinal thickness (CRT). The proportion of patients with
polyp regression was regarded as the secondary outcome measure.

Results: Twenty studies (three RCTs and 19 retrospective studies) involving
1,178 patients with PCV were selected. Significant differences in the proportion
of patients with polyps were observed between the PDT and anti-VEGF
monotherapy groups at 3 and >6 months (P < .00001; and P = .0001, respec-
tively). Significantly greater reductions in CRT were observed in the anti-VEGF
than in the PDT group at the 3-month follow-up (P = .04). Significantly greater
improvements in BCVA were observed in the combined therapy group than in
the PDT monotherapy group at 3, 6, 12, and 24 months (P = .03; P = .005;
P =.02; and P < .00001, respectively). Combined treatment also resulted in sig-
nificantly greater improvements in BCVA than monotherapy with anti-VEGF at 6
and 24 months (P = .001; P < .00001, respectively), and significantly greater
polyp regression than that observed following anti-VEGF treatment at 3 and
>6 months (P < .00001; P < .0001, respectively).

Conclusions: Combined therapy involving anti-VEGF agents and PDT may be more

effective in improving long-term outcomes for patients with PCV than monotherapy.
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combination therapy, intravitreal anti-VEGF, meta-analysis, photodynamic therapy, polypoidal
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1 | INTRODUCTION

Polypoidal choroidal vasculopathy (PCV), first identified
and reported by Yannuzzi et al' is a clinically distinct chor-
oidal abnormality with a high prevalence in Asian popula-
tions.” PCV is characterised by an abnormal branching
vascular network (BVN) and polypoid dilations observed
via indocyanine green angiography (ICGA), which is the
gold standard for diagnosing PCV.? The main therapeutic
strategies for PCV vary according to the clinical pathologi-
cal manifestations of the disease and include intravitreal
anti-vascular endothelial growth factor (VEGF) agents, ver-
teporfin photodynamic therapy (PDT), and combined ther-
apy with anti-VEGF and PDT.

Currently, PDT is widely regarded as effective in the treat-
ment of PCV due to the regression of polyp-like dilations in
spite of the relative lack of visual improvement within 2 years.*
Wong et al® also reported that the visual outcome in eyes with
PCV was stable until 2 years, while the outcome at 3 years
worsened, particularly in eyes that experienced recurrence.

Anti-VEGF agents such as bevacizumab, ranibizumab,
and aflibercept are recombinant humanised monoclonal
antibodies that have been reported to improve visual func-
tioning by restoring normal retinal thickness and reducing
elevated levels of VEGF.® However, research has suggested
that anti-VEGF therapy is less effective in ensuring the
regression of polyps and that the risk of subretinal haemor-
rhage increases following PDT monotherapy.”

Considering the advantages and disadvantages of PDT
monotherapy and anti-VEGF monotherapy,”” combined
treatment with anti-VEGF agents and PDT may result in
both regression of polyps and anti-angiogenesis. However,
there is currently no consensus regarding the appropriate
treatment for PCV.

Several meta-analyses to date have compared various
treatments for PCV, although these studies have not been
comprehensive. For example, Tang et al'' analysed only
those studies involving ranibizumab, while Wang et al'?
failed to compare anti-VEGF monotherapy to PDT monother-
apy. To evaluate the best therapeutic strategy for PCV, we
performed a comprehensive meta-analysis to compare the
efficacy of PDT monotherapy, monotherapy with intravitreal
anti-VEGF agents, and combined treatment with PDT and
anti-VEGF agents. Therapeutic effect estimates were deter-
mined based on the means and standard deviations (SD) of
changes in best-corrected visual acuity (BCVA), relative to
baseline, using the logarithm of the minimum angle of resolu-
tion (logMAR); reductions in central retinal thickness (CRT)
at follow-up points; and the proportion of patients exhibiting
polyp regression following treatment. We also evaluated the
occurrence of ocular adverse events, including subretinal
haemorrhage, which are essential in determining the most
appropriate course of treatment for PCV.

10-12

2 | MATERIALS AND METHODS

Reporting of the study conforms to PRISMA statement and
the broader EQUATOR guidelines."?

2.1 | Literature search

Five databases (PubMed, EMBASE, Web of Science, Med-
line and Cochrane Library) were last searched for relevant
studies on December 31, 2016. The following terms were
used and adapted for the searches in each database: (“poly-
poidal choroidal vasculopathy” OR PCV) AND (“vascular
endothelial growth factors” OR “anti-VEGF” OR “angio-
genesis inhibitors” OR ranibizumab OR lucentis OR “Rhu-
Fab V2” OR bevacizumab OR avastin OR aflibercept OR
VEGF-Trap) AND (“photodynamic therapy” OR PDT).
There was no restriction on language or study design.
When titles and/or abstracts fit the index words, the full
article was retrieved.

2.2 | Inclusion and exclusion criteria

The following inclusion criteria were used for the present
meta-analysis: (i) comparative study design; (ii) comparison
of anti-VEGF+PDT vs PDT treatment, or anti-VEGF vs
PDT treatment, for PCV; (iii) population consisting of
treatment-naive patients with PCV of any sex and race; and
(iv) report of at least one of the following outcomes: best-
corrected visual acuity (BCVA), central retinal thickness
(CRT), proportion of patients who achieved complete
regression of polyps, and incidence of subretinal haemor-
rhage. Reports with incomplete text, full text without raw
data, review articles, case reports, meeting abstracts, and
duplicate publications were excluded, along with those
including patients who had received previous treatment for
PCV. Patients whose initial therapeutic strategy had chan-
ged were also excluded. For cases in which articles
reported results associated with the same trial, the most
recent report was included, although additional data could
be obtained from previous reports.

2.3 | Data extraction and quality assessment

Data regarding the following study characteristics were
extracted from all included studies: (i) basic information:
name of first author, the year of publication, location of the
study, and trial design; (ii) patient information: age, gender,
duration of follow-up; (iii) treatment details: intervention
groups (including sample number); and (iv) outcomes:
means and standard deviations (SDs) of BCAV and CRT
after treatment at a specific follow-up period, the number
of patients who achieved complete regression of polyps,
and the number of patients with subretinal haemorrhage.
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Data not reported in articles was obtained from ClinicalTri-
als.gov when necessary, if available.

We also evaluated the methodological quality of
included RCTs, which were analysed for bias using the
Cochrane Risk of Bias Tool,'* while the methodological
quality of retrospective studies was assessed using the
modified Newcastle-Ottawa scale,15 which consists of three
factors: patient selection, comparability of the study groups,
and outcome assessment. A score of 0-9 stars is allocated
to each study, except RCTs. RCTs and retrospective stud-
ies achieving seven or more stars are considered to be of
high quality.

2.4 | Evaluation indicators

Indicators of treatment efficacy included mean changes in
BCVA and CRT, as well as the extent of polyp regression
from baseline at different follow-up points. Safety indica-
tors included the incidence of subretinal haemorrhage fol-
lowing treatment.

2.5 | Statistical analysis

Statistical analysis was performed using Review Manager
5.3.5 software (Cochrane Collaboration). In the present
meta-analysis, continuous data (eg, BCVA) were expressed
as means and standard deviations, and weighted mean dif-
ferences (WMD) were calculated. Dichotomous data (eg,
number of events) were evaluated via odds ratios (OR).
Continuous outcomes were reported as mean differences
with a 95% confidence interval (CI), while dichotomous
outcomes were reported as risk ratios with 95% CI. A P
value <.05 was considered statistically significant. A Chi-
square test (P value) and the I statistic were used to quan-
tify the statistical heterogeneity among studies. If no
heterogeneity among studies was observed (P> .1 or I
<50%), the fixed-effects model was used for the analysis;
otherwise, the random-effects model was used. Forest plots
were used to display the summary weighted estimates,
while funnel plots were used to assess publication bias.

3 | RESULTS

3.1 | Search results

A total of 235 studies were initially identified using the
index words, of which 92 were excluded as duplicate stud-
ies, 25 were excluded as reviews, 13 were excluded
because of incomplete text, and 79 were excluded based on
the titles and abstracts. The remaining 26 studies were
retrieved for full-text review. Among them, two articles
were excluded as case reports, and two articles were

Studies identified through
database searching (n = 235)

Studies excluded:
Duplicates studies (n = 92)
Review (n =25)

| No full text (n = 13)

— 5

A
Potential relevant studies
screened (n = 105)

EEEEEE_————

Studies excluded based on the
tittles and abstracts (n = 79)

Potential studies included
(n=26)

Studies excluded:
Case reports (n = 2)
Other treatment therapy (n = 2)

Studies included in the meta-analysis:
RCTs (n=3)
Retrospective studies (n = 19)

FIGURE 1 Flow diagram of literature screening

excluded because they included additional treatment strate-
gies for PCV. A final total of 22 studies'®?’ were included
in the present meta-analysis. The study selection process is
shown in Figure 1.

3.2 | Characteristics of the eligible studies

The present meta-analysis included 22 studies with a total
of 1,178 patients with PCV. The basic characteristics of
these studies are shown in Table 1. The mean age of
patients across all studies ranged from 53 to 75.8 years,
while study duration ranged from 1 to 36 months. Among
the included studies were three RCTs'®'® and 19 retrospec-
tive comparative studies.'*’ Specific interventions and pro
re nata (PRN) retreatment regimen used within each trial
are listed in Table 1. All retrospective studies had received
scores of at least seven stars and were considered to be of
high quality.

3.3 | Comparison of intravitreal anti-VEGF
monotherapy and PDT monotherapy

As BCAYV is an essential functional outcome measure,
we considered changes in BCAV to be most important
for evaluating treatment efficacy. The pooled results
revealed no significant difference in BCVA change
between the PDT group and anti-VEGF group at 3, 6,
12, and 24 months in either RCTs or retrospective
studies.
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3 months Anti-VEGF PDT Mean Difference Mean Difference

Study or Subgroup __Mean SD_Total Mean SD_Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Mitamura 2010 -168-6 1759 49 —1073 2153 22 40.0% —61-30 [-163-87, 41.27] Ll

Saito 2011 -120 15259 25 —46 17405 34 600% -74.00 [-157:67, 9:67] —

Total (95% CI) 74 56 100-0% -68-93 [~133-76, —4-09] ———

Heterogeneity: Chi2 = 0-04, df = 1 (P = 0-85); 2= 0% y t t t

Test for overall effect: Z = 2-08 (P = 0-04) S LR, S ... 200
6 months Anti-VEGF PDT Mean Difference Mean Difference
udy o ean D a ean g eigh Random, 95% CI IV. R % Cl

Koh 2012 -657 1143 21 -981 1043 21 513% 3240 [-33-78, 98-58]

Saito 2013 —-141 13478 25 -31 178:05 34 487%-110-00[-189-83, -30-17] — &

Total (95% CI) 46 55 100.0% —36.98 [-176.48, 102.53]

Heterogeneity: Tau? = 8739-29; Chi? = 7-24, df = 1 (P = 0-007); I* = 86% o g : pre =

Test for overall effect: Z = 0-52 (P = 0-60)

FIGURE 2 Mean change in CRT for the comparison of PDT and anti-

Favours Anti-VEGF Favours PDT

VEGF at 3,6 mo. SD, standard deviation; IV, inverse variance; CI,

confidence interval. PDT: photodynamic therapy; PCV: polypoidal choroidal vasculopathy; anti-VEGF: anti vascular endothelial growth factor

TABLE 2 Comparison of PDT monotherapy and anti-VEGF monotherapy for PCV

Study heterogeneity

Outcome of interest Studies (n) WMD/OR (95% CI) P 7 P P (%)
Comparison of mean change in BCVA from baseline at follow-up points (logMAR)
3 mo 7 0.01 (—0.07, 0.08) .86 13.66 .03 56
6 mo 5 0.01 (—0.06, 0.09) 5 8.42 .08 52
12 mo 5 —0.01 (—0.13, 0.12) 93 15.57 .004 74
24 mo 3 0.03 (—0.16, 0.22) 77 10.49 .005 81
Comparison of mean change in CRT from baseline at follow-up points
3 mo 2 —68.93 (—133.76, —4.09) .04 0.04 .85 0
6 mo 2 —36.98 (—176.48, 102.53) .60 7.24 .007 86
Comparison of the proportions of patients with polyp regression
3 mo 3 15.23 (5.77, 40.20) <.00001 3.11 21 36
>6 mo 2 6.32 (2.44, 16.38) 0001 0.00 98 0

PDT, photodynamic therapy; NA, not available; logMAR, logarithm of the minimal

angle of resolution; CRT, central retinal thickness; PCV, polypoidal choroidal

vasculopathy; anti-VEGF; anti-vascular endothelial growth factor; WMD, weighted mean difference; OR, odds ratio; CI, confidence interval; xz, chi-square statistic;
P, P-value; I, I-square heterogeneity statistic; Bold italic values indicate statistically significant results.

Central retinal thickness (CRT) was also evaluated to
assess changes in retinal health following treatment (Fig-
ure 2). The pooled results revealed that anti-VEGF agents
significantly reduced CRT compared with PDT at 3 months
(P =.04) with no heterogeneity (P = .85, P =0%),
although no significant
6 months. Furthermore, our results indicated that there
were significant differences in polyp regression between
the two groups at 3 and 6 or more months (P < .00001;
and P = .0001, respectively).

difference was observed at

All results for the comparison of PDT monotherapy and
anti-VEGF monotherapy for the treatment of PCV are
shown in Table 2.

3.4 | Comparison of combined treatment and
PDT monotherapy
Combined treatment resulted in significantly greater
improvements in BCVA than PDT monotherapy at 3, 6,

12, and 24-months after treatment in patients with PCV

FIGURE 3 Mean change in BCVA for the comparison of combined therapy and PDT monotherapy at 3, 6, 12, and 24 mo. SD, standard
deviation; IV, inverse variance; CI, confidence interval; BCVA; best corrected visual acuity; PDT: photodynamic therapy; PCV: polypoidal

choroidal vasculopathy; anti-VEGF: anti vascular endothelial growth factor
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3 months Combination PDT Mean Difference Mean Difference

_Study or Subgroup Mean SD Total Mean SD Total Weight IV. Fixed. 95% CI 1V, Fi 95% Cl

21.1 RCT

Koh 2012 -016 0-13 19 -0-08 024 21 16:1% -0-08 [-0-20, 0-04] -

Subtotal (95% CI) 19 21 161% -0-08 [-0-20, 0-04] e

Heterogeneity: Not applicable

Test for overall effect: Z=1-33 (P = 0-18)

2.1.2 Retro

Gomi 2010 -011 0-32 61 -0-12 0-37 85 17-7% 0-01[-0-10,0-12] i

Kim 2011 -0-22 047 20 -0-22 039 19  31% 0-00[-0-27,0-27]

Lai 2011 -011 034 16 -0-17 039 12 2:9% 0-06 [-0:22, 0-34]

Lee 2012 -02 0-36 36 -0:07 039 33 71% -0-13[-0-31, 0-05] R

Maruko 2011 -024 02 11 -01 016 16  11:1% -0-14 [-0-28, 0-00] o ———

Rouvas 2011 -018 015 9 -017 015 1 12-8% -0-01[-0-14,0:12] S

Saito 2013 -0-24 0-22 25 -0-16 025 32 15-0% -0-08[-0-20, 0-04] ===

Sakurada 2013 =015 02 24 -0-12 0-29 34 141% -0-03 [-0-16, 0-10] e

Subtotal (95% CI) 202 242 839% =0-05[-0-10, 0-01] ’

Heterogeneity: Chi? = 4-82, df =7 (P = 0-68); P = 0%

Test for overall effect: Z=1-75 (P = 0-08)

Total (95% CI) 221 263 100-0% -0-05 [-0-10, -0-00] e 4

Heterogeneity: Chi* = 5-08, df = 8 (P = 0-75); I = 0% _05 _025 0 0-25 05

Test for overall effect: Z = 2-14 (P = 0-03)

. . Favours Combination Favours PDT
Test for subaroup differences: Chiz = 0-26. df =1 (P = 0-61). I2=0%

6 months Combination PDT Mean Difference Mean Difference
r r M D | n D igh 1V, Fixed, 95% CI IV, Fixed, 95% ClI

2.21RCT
Koh 2012 -0-22 0-22 19 =015 0-21 21 13-9% -0-07 [-0-20, 0-06] — &
Subtotal (95% CI) 19 21 13:9% =0-07 [-0-20, 0-06] ==
Heterogeneity: Not applicable
Test for overall effect: Z = 1-03 (P = 0-30)
2.2.2 Retro
Gomi 2010 -012 0-33 61 -0-03 034 85 20-6% -0-09[-0-20, 0-02] - = I
Kim 2011 -0-26 0-47 20 -0-21 039 19  3-4% -0-05[-0-32,0:22]
Lee 2012 -0-18 0-38 36 -0:09 04 33 7-3% -0-09[-0-27, 0-09] —
Maruko 2011 -0-26 0-2 10 -0-16 0-19 15 10-1% -0-10[-0-26, 0-06] -
Rouvas 2011 -0-26 0-16 9 -022 016 11 12-5% -0-04[-0-18, 0-10] - 1
Saito 2013 -0-25 022 25 -0-22 025 32 16-6% -0-03[-0-15, 0-09] e
Sakurada 2013 -0-23 02 24 -0-13 029 34 156% -0-10[-0-23, 0-03] - —
Subtotal (95% CI) 185 229 86-1% -0-07 [-0-13, -0-02] .
Heterogeneity: Chi? = 1-13, df = 6 (P = 0-98); I = 0%
Test for overall effect: Z = 2-65 (P = 0-008)
Total (95% CI) 204 250 100-0% —0-07 [-0-12, —0-02] S 4
Heterogeneity: Chi = 1-13, df = 7 (P = 0-99); I = 0% W o 5 S S

Test for overall effect: Z = 2-84 (P = 0-005)

Favours Combination Favours PDT
Test for subaroup differences: Chi? = 0-00. df =1 (P = 0-97). = 0%

12 lelthS Combination PDT Mean Difference Mean Difference
Stud Sut M sD T M SD_Total Weigt IV. Fixed, 95% CI V. Fixed. 95% Cl
Gomi 2010 -0-12 0-36 61 -0-05 035 85 25-2% -0-07 [-0-19, 0-05] - =
Kim 2011 -0-3 0-42 20 -0-16 0-37 19 56% -0-14[-0-39, 0-11]

Lai 2011 -0-08 0-35 16 -0-16 0-41 12 42% 0-08[-0-21,0-37]

Lee 2012 -0-19 0-37 36 -0-11 042 33 9-8% -0-08[-0-27,0-11] - T T
Rouvas 2011 -0-18 0-16 9 -025 0-15 11 18-4%  0-07[-0-07,0-21] -
Saito 2013 -0-29 0-22 25 -013 025 32 231% -0-16 [-0-28, -0-04] T A

Sakurada 2013 -0-27 02 24 -017 0-¢1 34 136% -0-10[-0-26, 0-06] D

Total (95% CI) 191 226 100-0% -0-07 [-0-13, —0-01] <=

ity: Chiz = 7- = =0-27) |2 = 219 L t +
et fo pvora offect 22 228 (P 003) S I BC B
est for overall effect: Z = (P= ) Favours Combination Favours PDT

24 months

Combination PDT Mean Difference Mean Difference
udy o ubgrou ean D a gan D a eig Random. 95% CI IV, Random, 95% CI
Kang 2013 -0-25 017 20 -0:08 0-19 19 324% -0-17 [-0-28, —0-06] =
Lee 2012 -0-12 04 36 -0-05 043 33 188%  -0-07 [-0-27, 0-13] ¥
Saito 2013 -0-26 0-22 25 002 025 32 306% -0-28 [-0-40, -0-16] =
Sakurada 2013 -0-23 02 24 014 0-55 34 182% -0-37 [-0-57, -0-17] * e
Total (95% CI) 105 118 100-0% -0-22 [-0-33, -0-11] -
e 2= 0.01: Chi = & = —0-11) |2 = 50 b t + i
Heterogeneity: Tau? = 0-01; Chi? = 6-04, df = 3 (P = 0-11); I = 50% _0'5 _0-25 0 0-25 05

Test for overall effect: Z = 4-05 (P < 0-0001) Favours Combination Favours PDT
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3 months Combination PDT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
5.1.1 RCT
Koh 2012 =1355 117-2 19 -82 1035 21 22-8% -53-50[-122-32, 15-32] — _m— [~
Subtotal (95% Cl) 19 21 22-8% -53-50 [-122-32, 15-32] R e
Heterogeneity: Not applicable
Test for overall effect: Z = 1-52 (P = 0-13)
5.1.2 Retro
Kim 2011 -130-3 625 20 -104-3 61 19 718% -26-00[-64-76, 12:76] —r
Maruko 2011 —206-7 1742 11 =771 1942 16 55% —129-60 [-269:79, 10-59] *
Subtotal (95% Cl) 31 35 T772%  -33-36 [-70-72, 4-00] g
Heterogeneity: Chi? = 1-95, df = 1 (P = 0-16); I* = 49%
Test for overall effect: Z = 1-75 (P = 0-08)
Total (95% CI) 50 56 100:0% ~-37-94 [-70-78, =5-11] -
_il-_lelfrfogeneityl:l Cf:i‘ : 22-20,2dzf6= E (P0=002-33); 12 = 9% _260 = 150 3 3 60 2’60
est for overall effect: Z = 2- =0 s
Test for subaroun differences: (ghi2 = 0-2)5. df=1(P=061).12=0% Fevous Combmalion: Faveurs PUT
6 months Combination PDT Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% Cl
5.2.1 RCT
Koh 2012 -1456 119 19 -98-1 1043 21 22-1% -47-50 [-117-16, 22-16] —
Subtotal (95% CI) 19 21 22-1% -47-50 [-117-16, 22-16] —l——
Heterogeneity: Not applicable
Test for overall effect: Z = 1-34 (P =0-18)
5.2.2 Retro
Kim 2011 -1356 634 20 -113:5 609 19 704% -22-10[-61-11, 16:91] —
Maruko 2011 -179:3 1599 10 -95 1318 15  7-5% -84-30 [-203-76, 35-16]
Subtotal (95% CI) 30 34 77-9% -28-09 [-65-18, 8:99] <
Heterogeneity: Chi? = 0-94, df = 1 (P = 0-33); ? = 0%
Test for overall effect: Z = 1-48 (P = 0-14)
Total (95% CI) 49 55 100-0% -—32-38 [-65-11, 0-36] -
Heterogeneity: Chi? = 1-17, df = 2 (P = 0-56); I2 = 0% _2’00 - 1500 5 1(’]0 260
Test for overall effect: Z = 1-94 (P = 0-05) Favours Combination Favours PDT
Test for subaroup differences: Chi? = 0-23. df =1 (P = 0-63). I’ = 0%
12 months Combination PDT Mean Difference Mean Difference
r I Mean D Total n__SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
Kim 2011 -117-6 669 20 -109-8 65-8 19 100:0% -7-80 [-49-45, 33-85]
Total (95% ClI) 20 19 100-0% -7-80 [—49-45, 33-85]
Heterogeneity: Not applicable _260 1 =00 (lj 160 260

Test for overall effect: Z = 0-37 (P =0-71)

Favours Combination Favours PDT

FIGURE 4 Mean change in CRT for the comparison of combined therapy and PDT at 3,6, and 12 mo. SD, standard deviation; IV, inverse
variance; CI, confidence interval. CRT: central retinal thickness; PDT: photodynamic therapy

(P =.03; P=.005; P=.02; and P < .0001, respectively)
(Figure 3). In contrast, no significant difference in the pro-
portion of patients exhibiting improvements in VA (at least
three lines) was observed at any time point when pooled
ORs were calculated.

No significant heterogeneity was observed among studies
with continuous data. Therefore, a random-effects model
was used to analyse changes in CRT occurring from baseline
to 3 months and 6 months after each treatment. Combined
treatment resulted in significantly greater reductions in CRT
at 3-months than PDT alone (P = .02), although no signifi-
cant differences were observed at 6 months (Figure 4). No
significant differences in polyp regression were observed
between the two groups at either the 3- or >6-month follow-
up (P = .32; and P = .75, respectively).

All results for the comparison of combined treat-
ment and PDT monotherapy for PCV are shown in
Table 3.

3.5 | Comparison of combined treatment and
intravitreal anti-VEGF monotherapy

The mean change in BCVA from baseline for each
study was analysed at 3, 6, 12, and 24 months. Com-
bined treatment resulted in significantly greater improve-
ments in BCVA when compared with anti-VEGF
treatment at 6 and 24 months (P = .001; P < .00001,
respectively), with no heterogeneity (P = .60, I’ = 0%;
P = .43, P = 0%, respectively). However, the pooled
results revealed that there was no significant difference
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TABLE 3 Comparison of combined treatment and PDT monotherapy for PCV

Outcome of interest Studies (n)

WMD/OR (95% CI) P

Comparison of mean change in BCVA from baseline at follow-up points (logMAR)

3 mo 9 —0.05 (—0.10, 0.00) .03

6 mo 8 —0.07 (-0.12, —0.02) .005

12 mo 7 —0.07 (—0.13, —0.01) .02

24 mo 4 —0.22 (—0.33, —0.11) <.0001
Comparison of mean change in CRT from baseline at follow-up points

3 mo 3 —37.94 (-70.78, —5.11) .02

6 mo 3 —28.09 (—65.18, 0.36) .05

12 mo 1 —7.80 (—49.45, 33.85) -
Comparison of the proportions of patients with polyp regression

3 mo 4 1.36 (0.74, 2.52) 32

>6 mo 4 1.16 (0.47, 2.87) 75

Study heterogeneity

XZ

5.08
1.13
7.58
6.04

2.20

1.17

1.37
1.31

P P (%)
75 0
99 0
27 21

11 50
33 9
56 0
71
73 0

PDT, photodynamic therapy; NA, not available; logMAR, logarithm of the minimal angle of resolution; CRT, central retinal thickness; PCV, polypoidal choroidal vas-
culopathy; WMD, weighted mean difference; anti-VEGF: anti-vascular endothelial growth factor; combined treatment: treatment with PDT and anti-VEGF agents; OR,
o0dds ratio; CI, confidence interval; %2, chi-square statistic; P, P-value; I°, I-square heterogeneity statistic; Bold italic values indicate statistically significant results.

3 months

Combination Anti-VEGF 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl - % Cl
Kang 2013 14 20 6 23 42:3% 661 [1-74, 25:11] i
Kikushima 2016 28 32 17 30 555% 5:35[1-50, 19-11] i
Lai 2011 15 16 1 7 2:2% 90-00 [4-81, 1683:86] ’
ota A 0% g -31, 18-
Total (95% CI) 68 60 100-0% 7-75[3-31, 18-15] <=
Total events 57 24 ' ‘ ‘ )
Heterogeneity: Chi? = 3-07, df = 2 (P = 0-22); I = 35% 0_'01 0f1 ‘Il 1'0 160

Test for overall effect: Z = 4-71 (P < 0-00001)

=6 months  combination  Anti-VEGF

—Study or Subgroup  Events Total Events Total Weight M-H. Fixed.95% CI

Kang 2013 15 20 7 23 167%
Kikushima 2016 22 32 18 30 597%
Koh 2012 14 18 6 21 12:6%
Lai 2008 4 7 1 8 41%
Song 2011 5 9 2 15 6-9%
Total (95% CI) 86 97 100-0%
Total events 60 34

Heterogeneity: Chi? = 6-16, df =4 (P = 0-19); I? = 35%
Test for overall effect: Z = 4-37 (P < 0-0001)

9-33 [0-71, 122-57]

Favours Anti-VEGF Favours Combination

Odds Ratio Odds Ratio
M-H, Fixed. 95% CI
6-86 [1-78, 26-36] —
1-47 [0-52, 4-17] —Ti—

—_—

8-75 [2-03, 37-67]

-

8-13 [1-11, 59-21] -

-

4-07 [217, 7-64]

0-01 0-1 1 10 100
Favours Anti-VEGF Favours Combination

FIGURE 5 Proportion of patients with polyp regression following combination therapy and Anti-VEGF monotherapy at 3, and >6 mo. CI,
confidence interval; PDT: photodynamic therapy; anti-VEGEF: anti vascular endothelial growth factor

in BCVA change between combined treatment and anti-
VEGF treatment at 3 and 12 months. Furthermore, no
significant differences in CRT reduction were observed
between combined treatment and anti-VEGF treatment at
6 and 12 months.

Data regarding the regression of polyps at 3 and
>6 months were available for three and five studies,

respectively (Figure 5). The pooled results revealed that
there were significant statistical differences between the
two groups at 3 and >6 months (P < .00001; P < .0001,
respectively).

All results for the comparison of combined treatment
and anti-VEGF monotherapy for PCV are shown in
Table 4.
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TABLE 4 Comparison of combined treatment and intravitreal Anti-VEGF monotherapy for PCV
Study heterogeneity
Outcome of interest Studies (n) WMD/OR (95% CI) P i P I (%)
Comparison of mean change in BCVA from baseline at follow-up points (logMAR)
3 mo 4 —0.06 (—0.17, 0.06) 34 7.60 .06 61
6 mo 5 —0.12 (—0.19, —0.05) .001 2.77 .60 0
12 mo 7 —0.06 (—0.17, 0.06) 34 12.72 .05 53
24 mo 2 —0.29 (-0.39, —0.19) <.00001 0.63 43 0
Comparison of mean change in CRT from baseline at follow-up points
6 mo 2 —28.50 (—123.29, 66.28) .56 4.34 .04 77
12 mo 3 5.84 (—79.86, 91.55) .89 4.72 .09 58
Comparison of the proportions of patients with polyp regression
3 mo 3 7.75 (3.31, 18.15) <.00001 3.07 22 35
>6 mo 5 4.07 (2.17, 7.64) <0001 6.16 .19 35

PDT, photodynamic therapy; NA, not available; logMAR, logarithm of the minimal angle of resolution; CRT, central retinal thickness; PCV, polypoidal choroidal vas-
culopathy; WMD, weighted mean difference; anti-VEGF: anti-vascular endothelial growth factor; combined treatment: treatment with PDT and anti-VEGF agents; OR,

odds ratio; CI, confidence interval; xz, chi-square statistic; P, P-value; 12, I-square heterogeneity statistic; Bold italic values indicate statistically significant results.

3.6 | Adverse events

As it has been widely reported that PDT may result in subreti-
nal haemorrhage, we also evaluated whether intravitreal anti-
VEGF agents reduced the incidence of haemorrhage in the
included studies. When compared to PDT monotherapy, com-
bined treatment was associated with a significantly lower inci-
dence of subretinal haemorrhage (1 optic disc diameter) during
the follow-up period, with no heterogeneity (P = .17,
F = 38%). The pooled results are shown in Figure 6 (P = .02).
However, no significant differences in the incidence of subreti-
nal haemorrhage were observed between combined treatment
and anti-VEGF monotherapy (P = .85; Figure 7).

4 | DISCUSSION

Whether PCV is a subtype of neovascular age-related mac-
ular degeneration (nAMD) remains controversial®® As some

Combination PDT
Gomi 2010 3 61 15 85 353%
Kim 2011 4 20 5 19 122%
Koh 2012 5 19 T 21 14-5%
Lee 2012 9 36 7 33 162%
Saito 2013 0 25 8 32 218%
Total (95% CI) 161 190 100-0%

Total events 21 42
Heterogeneity: Chi* = 6-42, df =4 (P = 0-17); I = 38%
Test for overall effect: Z = 2-40 (P = 0-02)

researchers have suggested that the two conditions are
associated with different demographic features, clinical
characteristics, and natural history, etc. 3040 However, both
PCV and nAMD are regarded as abnormal vasculopathies
arising from the choroidal vasculature, potentially resulting
in recurrent serous exudation and haemorrhages.*® Further-
more, increased levels of VEGF are observed in the
affected eyes or patients with PCV and nAMD. Currently,
anti-VEGF therapy is the standard treatment for nAMD.
Thus, anti-VEGF may also represent a valuable treatment
option for PCV. Intravitreal anti-VEGF injection results in
rapid resolution of retinal oedema and subretinal fluid,
restoring macular morphology and visual function®'
addition, PDT has proven more effective for the treatment
of PCV than thermal laser photocoagulation, as it is associ-
ated with minimal retinal damage.

The scientific debate regarding the comparative effec-
tiveness of these treatment strategies for PCV has remained
unsettled for many years. Hence, this meta-analysis aimed

In

Odds Ratio Odds Ratio

i R o, £ ixed, 95% CI
0-24 [0-07, 0-87] — &

0-70 [0-16, 3-13] —=

0-71[0-18, 2:80] e

1-24 [0-40, 3-81] —

0-06 [0-00, 1-03] * .

0-49 [0-27, 0-88] S

001 0-1 1 10 100

Favours Combination Favours PDT

FIGURE 6 Proportion of patients with subretinal haemorrhage following combination and PDT therapy. CI, confidence interval. PDT:

photodynamic therapy
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Combination Anti-VEGF Odds Ratio Odds Ratio
_Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed. 95% Cl
Gomi 2015 0 37 1 35 374%  0-31[0-01,7-78] =
Koh 2012 2 19 0 21 103% 6-14[0-28, 136-53] o »
Lee 2012 1 4 1 8 12:3%  2:33[0-11, 50-98] =
Sakai 2016 0 25 1 20 400%  0-25[0-01,660] * o
Total (95% Cl) 85 84 100:0%  1-13 [0-30, 4-29] —~=spiiiSes—
Total events 3 3
Heterogeneity: Chi? = 2:79, df = 3 (P = 0:43); I = 0% 0! P 0! 7 i 1‘0 3 cio

Test for overall effect: Z =018 (P = 0-85)

Favours Combination Favours Anti-VEGF

FIGURE 7 Proportion of patients with subretinal haemorrhage following combination and anti-VEGF monotherapy. CI, confidence interval.

PDT: photodynamic therapy

to comprehensively compare the three strategies in terms of
BCVA, CRT, proportion of patients experiencing polyp
regression, etc. BCVA, an exceedingly important outcome,
can be regarded as a primary measure of treatment efficacy,
although CRT and polyp regression are important for
evaluating treatment efficacy, as these reflect anatomical
outcomes.

Our findings revealed that anti-VEGF treatment was
more effective in reducing CRT than PDT at 3 months but
not at 6 months, while PDT was more effective than anti-
VEGF in achieving regression of polyps at 3 months and 6
or more months. However, these two monotherapy proce-
dures appear to be equivalent in terms of BCVA change
from baseline at all follow-up time points.

Although PDT monotherapy aims to produce polyp
regression, no significant reductions in CRT were
observed. In contrast, anti-VEGF monotherapy signifi-
cantly reduced CRT at 3 months, although it was signifi-
cantly less effective in regressing and suppressing the
recurrence of polyps than PDT. Generally, these findings
suggest that neither PDT monotherapy nor anti-VEGF
monotherapy is the best option for the treatment of
PCV, although each possesses distinct advantages over
the other.

Considering the shortcomings of the two monotherapies,
combination therapy may allow for more comprehensive
treatment with regard to RCT reduction, polyp regression,
and BCVA improvement than PDT monotherapy or anti-
VEGF monotherapy. Specifically, the direct effect of PDT
on polypoidal lesions, as confirmed via ICGA, and the sub-
sequent resolution of exudative fluid can likely lead to a
favourable visual outcome.*” Some studies have reported
that PDT was superior to anti-VEGF therapy in terms of
polyp regression.”>?”3% As for intravitreal anti-VEGF
injections, the rapid resolution of exudative fluid and reti-
nal oedema can play an important role in ensuring favour-
able BCVA outcomes.'®

In this meta-analysis, combined therapy utilising PDT
and anti-VEGF was superior to PDT in improving BCVA
at all follow-up points, suggesting that anti-VEGF may

overcome the deficiencies of PDT monotherapy with regard
to this aspect. Furthermore, BCVA improvements seemed
to decrease with time in the PDT monotherapy group, sug-
gesting that additional PDT may be necessary to sustain
these improvements. Sato et al*® also suggested that several
additional PDT sessions would be necessary to treat
patients with PCV recurrences over longer follow-up
periods.

We further observed that combined treatment resulted in
significantly greater improvements in BCVA when com-
pared to anti-VEGF monotherapy at the 6- and 24-month
follow-up points, suggesting that combination therapy is
more effective than anti-VEGF monotherapy in improving
BCVA.

At 3 months, combined therapy was associated with sig-
nificantly greater decreases in CRT than PDT, indicating
that anti-VEGF treatment also plays a role in reducing
exudative lesions. However, no significant differences in
CRT reduction were observed between the groups at
6 months, suggesting that the efficacy of anti-VEGF in
reducing CRT is only maintained over a short period of
time. Furthermore, no significant difference in CRT reduc-
tion was observed between combined treatment and intrav-
itreal anti-VEGF treatment, suggesting that PDT has little
influence on CRT. Taken together, our findings indicate
that PDT plays a greater role in polyp regression than anti-
VEGF, consistent with the results of two previous meta-
analyses.'""!?

Many studies have reported that PDT may lead to an
increased risk of intraretinal or subretinal haemorrhage,
thereby resulting in ischaemic damage to normal choroidal
tissue. 0172225 Among them, subretinal haemorrhage, the
most common and most reported adverse event, may also
limit visual improvement following PDT.** However, our
findings indicate that these disadvantages can be reduced
via combined therapy with PDT and anti-VEGF, in accor-
dance with the conclusions of Cheung et al*> As the risk
of subretinal haemorrhage decreases with anti-VEGF, com-
bined treatment may be both safer and more effective than
PDT monotherapy.
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Recently, the administration of intravitreal corticos-
teroids has been utilised as an auxiliary treatment strategy
in many clinical trials. Intraocular inflammatory cytokines
are likely to be elevated in PCV eyes, especially in the
presence of subretinal haemorrhage or macular oedema.*®
Ho et al*’ reported that the majority of patients responded
well to corticosteroid treatment, with significant responses
observed as early as 1 week after initiation of triple therapy
including photodynamic therapy, intravitreal aflibercept,
and intravitreal dexamethasone. Liang et al*® also evaluated
the efficacy and adverse effects of treatment with low-dose
intravitreal triamcinolone acetonide (IVTA).

PCV results in alterations of the choroidal structure,
which can be detected by enhanced depth imaging optical
coherence tomography (EDI-OCT).*® Thus, such alterations
may be useful in evaluating the efficacy of particular treat-
ment strategies. Daizumoto et al’° reported that intravitreal
aflibercept was effective in the treatment of PCV via sig-
nificant correlations of the pachychoroid index, a kind of
index reflecting choroidal structures.

Recently, several studies reported favourable visual and
anatomical outcomes following aflibercept monotherapy
with fixed or treat-and-extend (TAE) retreatment regimens
in patients with PCV. Hosokawa et al®' reported that
intravitreal aflibercept injections delivered as part of a TAE
regimen are effective in improving BCVA and CRT in
eyes with PCV. In another retrospective interventional case
series of 58 eyes, TAE intravitreal aflibercept was associ-
ated with improvements in BCVA and regression of poly-
poidal lesions.”” In one study involving Japanese patients
with treatment-naive PCV, treatment with intravitreal
aflibercept every 2 months following three initial monthly
doses resulted in significant increases in BCVA and a high
rate of polyp resolution at 12 months.® Lee et al®
reported that fixed-dose treatment with aflibercept was
associated with favourable outcomes in patients with PCV
patients at the 12-month follow-up. The results of these
studies®'* have led many physicians to prefer the use of
this modality, rather than PDT. As only one study involv-
ing aflibercept was included was included in the present
meta-analysis, we were unable to sufficiently compare out-
comes between aflibercept monotherapy and combination
therapy. Thus, future studies should aim to perform this
comparison.

Our study possesses several strengths in comparison
with previous systematic reviews of PCV treatment. First,
our meta-analysis included the most recent work, analysing
studies published as late as December 31, 2016. Second,
we performed a comprehensive comparison of PDT
monotherapy, anti-VEGF monotherapy, and combined
treatment using strict inclusion and exclusion criteria.
Third, we included studies of all anti-VEGF agents

(ranibizumab, bevacizumab, and aflibercept) approved by
the Food and Drug Administration (FDA), rather than those
evaluating a single anti-VEGF.

However, this work may have some limitations. First,
inadequate random sequence generation and blinding may
have resulted in selection bias, and patients with PCV
whose condition worsened may have switched treatment.
Nonetheless, selection bias was less likely to occur, as the
major study characteristics of the eyes in the three groups
were comparable at baseline. Second, some studies did not
report all detailed outcome indicators, which caused some
comparison only included two or three studies. For exam-
ple, when comparing the mean change in CRT from base-
line between combined treatment and PDT monotherapy at
6 months, the pooled results were insufficient for determin-
ing a statistically significant difference (P = .05). There-
fore, more data may have resulted in a statistically
significant difference. Third, publication bias cannot be
fully excluded because we could not gain access to unopen
results and unpublished studies. Nevertheless, the findings
of the present meta-analysis suggest that combined treat-
ment with PDT and intravitreal anti-VEGF injection ther-
apy results in better long-term improvements in VA,
reductions in CRT, and more substantial regression of
polyps. These findings indicate that combined therapy may
be more effective than monotherapy in the treatment of
PCV. Despite these encouraging findings, the inherent limi-
tations of the included studies should be considered.
Hence, more detailed data at different follow-up time
points and further large-volume RCTs are required to
improve the accuracy and robustness of our findings for
clinical application.
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