Int J Clin Exp Med 2018;11(1):33-42
www.ijcem.com /ISSN:1940-5901/IJCEM0063410

Review Article

Efficacy of combined intravitreal

anti-vascular endothelial growth factor and
photodynamic therapy for non-age related macular
degeneration sourced choroidal nheovascularization:
a systematic review and meta-analysis

Bing Liu*", Tuo Deng?3#", Jingxiang Zhong*

1Department of Ophthalmology, The First Affiliated Hospital of Jinan University, Guangzhou, Guangdong Province,
China; 2Department of Urology, Minimally Invasive Surgery Center, The First Affiliated Hospital of Guangzhou Medi-
cal University, Guangzhou, China; 3Guangzhou Institute of Urology, Guangzhou, China; *Guangdong Key Labora-
tory of Urology, Guangzhou, China. "Equal contributors.

Received August 10, 2017; Accepted December 6, 2017; Epub January 15, 2018; Published January 30, 2018

Abstract: Purpose: Our study aimed to explore the efficacy of combined photo dynamic therapy (PDT) and intravit-
real anti-vascular endothelial growth factor (VEGF) agents for non-age related macular degeneration (AMD) sourced
choroidal neovascularization (CNV) through a meta-analysis. Methods: A literature search on online databases was
performed to extract relevant data. Mean differences (MDs) of best-corrected visual acuity (BCVA) changes and
numbers of anti-VEGF injections from combined and monotherapy groups were pooled and compared. Results: No
significant difference of BCVA changes was discovered between two groups (MD =-0.29, 95% Cl, -0.86 to 0.28, P =
0.32). However, combined therapy could significantly reduce the number of anti-VEGF injections (MD = -1.08, 95%
Cl,-1.97 to -1.09, P = 0.02). Conclusions: We concluded that combined therapy was not superior to anti-VEGF injec-
tions in improving BCVA among patients suffering non-AMD sourced CNV. But combined therapy could decrease the
number of anti-VEGF treatments, reduce severe side effects and relieve the burden of younger patients.

Keywords: Anti-vascular endothelial growth factor, photo dynamic therapy, choroidal neovascularization, system-
atic review, meta-analysis

Introduction to their longer careers and high burden of rais-
ing families.

Choroidal neovascularization (CNV) is a com-

mon pathological complication of a variety of
ocular diseases, especially those related to the
posterior segment. With marked neovascular-
ization originating from choriocapillaries and
breaking through the Bruch’'s membrane, CNV
could lead to a series of lesions including sub-
retinal and/or intraretinal haemorrhage, leak-
age and fibrosis [1]. Patients have a relative
poor prognosis and are confronted with the risk
of blindness, bearing a low quality of live.
Although the most common cause for CNV is
age-related macular degeneration (AMD) main-
ly affecting people older than 50 years [2],
many young patients with non-AMD sourced
CNV suffer more pain and inconvenience owing

Pathological myopia (PM) is the second CNV
cause following AMD, making impacts on young
to middle-aged people with the prevalence of
3% in the population approximate 5%-10%
developing to CNV [3, 4]. It is worth noting that
Asians seem more susceptible to myopic CNV,
probably due to some genetic factors and lack-
ing outdoor activities [3]. Idiopathic choroidal
neovascularization (ICNV) occupies approxi-
mately 17% of CNV [5] without any specific eti-
ologies. Other non-AMD causes include ocular
histoplasmosis, angioid streaks (AS), multifocal
choroiditis, punctate inner choroidopathy, trau-
ma, ocular tumors and infections [6]. These dis-
eases are considered to share a more favour-
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Figure 1. Flow chart of study selection.

able natural course and prognosis of visual
acuity compared with AMD [5], however, out-
comes vary among different individuals and a
progressive CNV could lead to permanent visu-
al loss for a life-long time in young patients [7].

Anti-vascular endothelial growth factor (VEGF)
agents have been widely applied and become
the first-line treatment for all kinds of CNV.
Although no guidelines or protocols existed for
standard regimen in treating non-AMD sourced
CNV, the efficacy and safety turned out to be
satisfactory according to clinical trials [8, 9].
Photodynamic therapy (PDT) was proved not
superior to anti-VEGF injections in improving
patients’ visual acuity, bearing some side
effects such as damage of retinal pigment epi-
thelium (RPE) [10]. Nevertheless, combined
anti-VEGF and PDT appeared to be applied on
patients with persistent or recurrent lesions,
bringing an alternative treatment and reducing
the number of anti-VEGF injections [11]. A
meta-analysis was conducted on the combined
therapy for AMD-related CNV, finding a better
visual acuity from anti-VEGF plus PDT group
compared with anti-VEGF monotherapy [12].
For non-AMD sourced CNVs, treatment proto-
cols and results varied among studies. No sum-
mative conclusions existed to prove the effica-
cy of combined therapy for non-AMD sourced
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Library, CNKI and VIP data-
bases was performed to con-
firm studies in English and
Chinese and cited references
in these studies were also
screened. The last search
was on May 3rd, 2017. Sear-
ching terms were used as follows: “PDT’ or
‘photodynamic therapy’” and “‘Ranibizumab’ or
‘Bevacizumab’ or ‘anti vascular endothelial
growth factor’ or ‘anti VEGF'” in combination

“

with “‘choroidal neovascularization’ or ‘CNV’”.

Comparatives studies concerning combined
intravitreal anti-VEGF agents and PDT met the
inclusion criteria of our meta-analysis, in whi-
ch baseline and follow-up data of best correct-
ed visual acuity (BCVA) or central macular th-
ickness (CMT) could be achieved. According-
ly, animal studies, case reports, conference
proceedings, repeated publications, non-pub-
lished materials, reviews and editorials were
excluded.

Data extraction and study quality assessment

Two authors screened the literature, assessed
the quality of studies and extracted data sepa-
rately with discrepancies solved by the third
reviewer or open discussion. Data from includ-
ed studies was collected as follows: first author,
year of publication, country, ethnicity, study
design, therapeutic regimen, sample size,
patients’ basic information, baseline and fol-
low-up data of BCVA and CMT. Numbers of anti-
VEGF injections and PDTs were also extracted
with their main adverse events recorded. The
level of evidence (LOE) of each study was evalu-
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Table 1. Baseline characteristics of included studies

. No. eyes/ Intervention groups, Follow-up time CNV location Gender
Reference Countr: Race CNV cause Design LOE ) Mean age (yr,
Y g patients sample (n) (mo) Subfoveal non-subfoveal (M/F) ge ()

Rinaldietal, Ltaly Caucasian PM RCT 2a 40/40  Group 1: PDT+IVR, 20 12 37 23 26/34 Group 1:43.6
2017 Group 2: IVR, 20 Group 2: 44.7
Saviano et Ltaly Caucasian Myopic CNV RCT 2a 34/34  Group 1: PDT+IVB, 17 12 NA 8/26 Group 1: 61.7
al, 2016 Group 2: IVB, 17 Group 2: 63
Rishi et al, India Asian Myopic CNV Retrospective 3 79/70 Group 1: PDT+IVB/R, 31 54.63+39.46 57 22 37/33 44.08
2016 comparative Group 2: IVB/R, 25

trial Group 3: PDT, 23
Chen et al, USA Mixed Mixed?¢  Retrospective 3 23/23  Group 1: PDT+IVR, 6 12 NA 8/15 Group 1:48.5
2011 comparative Group 2: IVR, 17 Group 2:52.4

trial
Yoon et al, Korea Asian Myopic CNV Retrospective 3  142/128 Group 1: PDT+IVB/R, 28 12 67 75 39/89 Group 1: 45.66
2010 comparative Group 2: IVB/R, 63 Group 2: 45.19

trial Group 3: PDT, 51 Group 3: 44.25
Ye et al, China Asian ICNV RCT 2a 27/27  Group 1: PDT+IVR, 14 12 NA 12/15 Group 1: 31.6
2013 Group 2: IVR, 13 Group 2: 34.5
Huangetal, China Asian ICNV RCT 2b 46/46  Group 1: PDT+IVB, 24 12 NA 15/31 Group 1: 31.5
2011 Group 2: PDT, 22 Group 2: 30.4
Li et al, China Asian ICNV RCT 2b  30/30 Group 1: PDT+IVB, 15 3 NA 12/18 24-52
2015 Group 2: PDT, 15

CNV: choroidal neovascularization; LOE: level of evidence; PM: pathological myopia; RCT: randomized controlled trial; PDT: photodynamic therapy; IVR: intravitreal Ranibizumab; IVB: intravitreal Bevacizumab;
NA: not available. ¢ Myopia: 47.8%, presumed ocular histoplasmosis: 21.7%, angioid streaks: 13%, others: 17.5%.
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Figure 2. Assessment of bias risk for included RCTs (A: Methodological qual-
ity graph: authors’ judgments about each methodological quality item pre-
sented as percentages across all included studies; B: Methodological quality

tematic review and the flow
chart was shown in Figure 1.
Among them 5 were random-
ized controlled trial (RCT)s
[17-21] and the other 3 were
retrospective comparative st-
udies [22-24]. 4 studies com-
pared combined anti-VEGF
and PDT with anti-VEGF mono-
therapy [17-19, 23], 2 studies
concentrated on the efficacy
of anti-VEGF and PDT versus
PDT alone [20, 21], and other
2 studies divided their pa-
tients into combined therapy,
anti-VEGF and PDT groups
for further comparisons [22,
24]. Except for 2 studies con-
ducted among Caucasians in
Italy and 1 in USA, the remain-
ing 6 were all carried out in

summary: authors’ judgments about each methodological quality item for
each included study, “+” low risk of bias; “?” unclear risk of bias; “-” high

risk of bias).

ated according to the GRADE system [13] and
all RCTs were also assessed by the Cochrane
Collaboration Risk of Bias Tool [14].

Statistics analysis

Software RevMan (version 5.3; Cochrane
Collaboration, Oxford, UK) was applied to con-
duct the statistics analysis. Weighted mean dif-
ferences (WMD) were calculated to compare
changes of BCVA and CMT and number of anti-
VEGF injections. Standard mean difference
(SMD) was used if measuring methods varied in
different studies. Subgroup analyses were con-
ducted based on the follow-up time. Heterog-
eneity test was conducted through the chi-
square test with Cochrane Q and I? statistic
[15]. Significant heterogeneity did not exist if
the P-value was greater than 0.1 and I?> < 50%
and the fixed effect model was applied.
Conversely, a random-effect model was used. A
two-sided p value < 0.05 was considered to be
significant in meta-analysis. Publication bias
was also assessed through inverted funnel plot
[16].

Result
A total of 398 patients with 421 eyes from 8

comparative studies were included in our sys-
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Asian countries with 4 in
China, 1 in Korea and 1 in
India. All studies performed
anti-VEGF therapies with the
dose of Bevacizumab 0.5 mg/0.05 ml or
Ranibizumab 1.25 mg/0.05 ml, and verteporfin
was infused 6 mg/m? in PDT. Basic informa-
tion of these included studies was listed in
Table 1.

Quality assessments of included studies

Level of evidence (LOE) of all included studies
was listed in Table 1. The risk of detection,
attrition biases and reporting biases of 5 RCTs
were relative low according to the Cochrane
Collaboration Risk of Bias Tool (Figure 2A). In
total, 3 studies were in low bias risk and 2 were
in moderate bias risk (Figure 2B).

Change of best corrected visual acuity

All 8 studies compared BCVA changes between
PDT plus anti-VEGF and monotherapy groups.
Among 6 studies focusing on the BCVA improve-
ments of combined treatment versus anti-VEGF
injection, data from 5 of them was extracted
and pooled in Figure 3A. No significant advan-
tage was observed in combined group (SMD =
-0.29, 95% ClI, -0.86 to 0.28, P = 0.32).
Subgroup analysis in 12 months’ follow-up
group also indicated no significant differences
(SMD =-0.40,95% Cl, -1.12 t0 0.31, P = 0.27).
Significant heterogeneity existed in the cu-
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A Combination therapy anti-VEGF Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean sD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.1.1 follow-up time = 12 months
Rinaldi 2017 0.2 10.39 20 16.8 12.14 20 18.8% -1.494 [-2.14, -0.74]

Saviano 2016 0.12 0.15 17 ©0.05 0.12 17 19.1% 0.50[-0.18, 1.139) —

Ye 20132 0.53 0.23 14 063 0.32 12 18.0% -0.24 [-1.10, 0.42) —_—
Yoon 2010 0.09 0.44 28 ©0.24 0.4l 63  22.6% -0.25 [-0.80, 0.09) —a—
Subtotal (95% CI) 79 113  78.5%  -0.40 [-1.12, 0.31] e ———
Heterogeneity. Tau? = 0.42; Chi? = 15.15, df = 2 (P = 0.002); I = 80%

Test for overall effect: Z = 1.11 (P = 0.27)

1.1.2 follow-up time > 12 months

Rishi 2016 0.22 0.48 21 0.16 0.46 25 21.5% 0.13 [-0.40, 0.65] . e
Subtotal (95% CI) 31 25 21.5% 0.13 [-0.40, 0.65]

Heterogeneity. Mot applicable

Test for overall effect: Z = 0.47 (P = 0.64)

Total (95% CI) 110 138 100.0% -0.29 [-0.86, 0.28]

Heterogeneity: Tau? = 0.23; Chi? = 17.86, df = 4 (P = 0.001); I? = 78% | Y

Tast Tor overall effect; 2 = 0.3 (P = 0.32) . Favours [combination] Favours [anti-VEGF]
Test for subgroup differences: Chi® = 1.37, df = 1 (P = 0.24), I’ = 26.9%

B Combination therapy PDT Mean Difference Mean Difference
Study or Subgroup Mean SD _ Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 follow-up time = 3 months
Li 2015 0.32 ©.11 15  0.28 0.13 1s 78.3% 0.04 [-0.05, 0.13] —H—

Subtotal (95% CI) is is 78.3% 0.04 [-0.05, 0.13] —sni—
Heterogeneity. Not applicable

Test for overall effect: Z = 0,91 (P = 0.26)

2.1.2 follow-up time = 12 months

Yoon 2010 ©.09 0.44 28 -0.06 0.432 51 14.4% 0.15 [-0.05, 0.35] B
Subtotal (35% CD 28 51 14.4% 0.15 [-0.05, 0.35] e R ———
Heterogeneity: Not applicable

Test for overall effect: Z = 1.46 (P = 0.14)

2.1.3 follow-up time > 12 months

Rishi 2016 0.22 ©.48 31 0.09 0.55 23 7.4% 0.13 [-0.15, 0.41]

Subtotal (95% CI» 31 23 7-4% 0.13 [-0.15, 0.41] e —
Heterogeneity: Not applicable

Test for overall effect: Z = 0.91 (P = 0.26)

Total (95% CI) 74 89 100.0% 0.06 [-0.01, 0.14] ~elii—
Heterogeneity: Chi? = 1,21, df = 2 (P = 0,55 I7 = 0% +

Test for overall effect: Z = 1.60 (P = 0.11)
Test for subgroup differences: Chi* = 1.21, df = 2 (P = 0.55), I* = 0%
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Figure 3. Forest plots of changes of best-corrected visual acuity. (A: Forest plot of change of best-corrected visual
acuity between combined and anti-VEGF therapy; B: Forest plot of change of best-corrected visual acuity between

combined therapy and PDT).
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Figure 4. Forest plot of change of central macular thickness between combined and anti-VEGF therapy.

mulative analysis of 5 studies (> = 78%, P =
0.001) and subgroup analysis for 4 studies (> =
80%, P =0.002). 4 studies researched the effi-
cacy of combined therapy compared with PDT
alone, 3 of which were included in meta-analy-
sis. We found no significant changes in BCVA
between two groups (WMD = 0.06, 95% ClI,
-0.01t0 0.14, P =0.11) and in either subgroup
according to follow-up time (Figure 3B). 2 stud-
ies applied changes of lines for the description
of BCVA at the 12 months’ follow-up time [20,
23]. According to their studies, no significant
differences were discovered between two
groups in the percentage of patients with BCVA
increasing > 2 lines, stable in 1 line and
decreasing > 2 lines.

Change of central macular thickness

Figure 4 indicated 2 studies comparing chang-
es of CMT between combined therapy and anti-
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VEGF groups. Significant more CMT reduces
were tested in combined group than anti-VEGF
monotherapy (MD = -27.22, 95% Cl, -45.17 to
-8.73, P = 0.04). Li et al found CMT decreased
more in combined group in comparison with
PDT at the 3-month follow-up time [21].

Number of treatment

Table 2 provided the detailed treatment regi-
men of all included studies. 5 of them calculat-
ed mean number of anti-VEGF injections
between combined and monotherapy groups at
the 12-month’s follow-up. We reached the
result that the number of anti-VEGF agents
injected in combined group was significantly
lower than in monotherapy group (MD = -1.08,
95% ClI, -1.97 to -1.09, P = 0.02) (Figure 5).
Time of PDT was compared in 2 studies focus-
ing on combined therapy versus PDT alone with
the data shown in Table 2.

Int J Clin Exp Med 2018;11(1):33-42
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Table 2. Treatment regimens of included studies

Reference  Design Intervention™ Injections of anti-VEGF, n No. of PDT, n
Combined therapy IVB/R monotherapy Combined therapy PDT
Rinaldi et al, RCT Group 1: PDT+IVR, 1 IVR injection and after 7 days with PDT 1.25 +2.45 3.35+2.45 NA
2017 Group 2: IVR, 1 IVR at baseline and at week 4 and 8
Savianoet  RCT Group 1: PDT+IVB, 1 IVB injection followed by PDT within 7 d 18+0.11 3.1+0.08 NA
al, 2016 Group 2: IVB, 3 monthly IVB injections
Rishietal, Retrospective Group 1: PDT+IVB/R, anti-VEGF treatment was given within 2 days of PDT NA NA
2016 comparative trial Group 2: IVB/R, given as PRN
Group 3: PDT, given as PRN
Chenetal, Retrospective Group 1: PDT+IVB, 1 IVB injection within 3 days of PDT 2 +3.66 7.2 + 3.66 NA
2011 comparative trial Group 2: IVB, given as PRN
Yoon et al, Retrospective Group 1: PDT+IVB/R, anti-VEGF treatment was given within 1 hour of PDT 25+1.9 22+20 19+1.3 21+14
2010 comparative trial Group 2: IVB/R, given as PRN
Group 3: PDT, given as PRN
Ye et al, RCT Group 1: PDT+IVR, 1 IVR injection was given 7 days after PDT 1.5+0.7 24+1.7 NA
2013 Group 2: IVR, 1 IVR at baseline and at week 4 and 8
Huang etal, RCT Group 1: PDT+IVB, 1 IVB injection was given 7 days after PDT NA 1 1.86
2011 Group 2: PDT, additional treatments were given in a 3-month interval
Lietal, RCT Group 1: PDT+IVR, 1 IVR injection was given 7 days after PDT NA NA

2015 Group 2:

PDT, regimen was unavailable

VEGF: vascular endothelial growth factor; RCT: randomized controlled trial; PDT: phododynamic therapy; IVR: intravitreal Ranibizumab; IVB: intravitreal Bevacizumab; PRN: pro re nata; NA: not available. 3:
All anti-VEGF retreatments were conducted as PRN.

38

Int J Clin Exp Med 2018;11(1):33-42



Combined anti-VEGF and PDT for non-AMD sourced CNV

Combination therapy anti-VEGF Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% C|
Chen 2011 2 3.66 4 7.2 3.66 7 3.5% -5.20[-9.70, -0.70]
Rinaldi 2017 1.25 2.45 20 3.35 2.45 20 1e.6% -2.10[-3.62, -0.58] —_—
Saviano 2016 1.8 011 17 3.1 0.08 17 32.2% -1.30[-136, -1.24] a
Ye 2013 15 0.7 14 24 1.7 13 23.0% -0.90([-1.89, 0.09] —a—
Yoon 2010 2.5 1.9 28 2.2 2 63  24.8% 0.30[-0.5¢, 1.16] =
Total (95% CI) 83 120 100.0% -1.08 [-1.97, -0.19] <
Heterogeneity. Tau® = 0.64; Chi? = 17.82, df = 4 (P = 0.001); I* = 78% t I }

%

-10 0
Favours [combination] Favours [anti-VEGF]

Test for overall effect: Z = 2.38 (P = 0.02)

Figure 5. Forest plot of number of anti-vascular endothelial growth factor injections

Table 3. Adverse events reported in included studies

Adverse event, n (%)

Reference Intervention groups - - - —
Conjunctival hemorrhage Choriocapillaris atrophy  Macular scar
Rinaldi F, 2017  Group 1: PDT+IVR Group 1: 4 (20.0) Group 1: 14 (70.0) NA
Group 2: IVR Group 2: 6 (30.0) Group 2: 0
Saviano S, 2016 Group 1: PDT+IVB NA
Group 2: IVB
Rishi P, 2016 Group 1: PDT+IVB/R NA Group 1: 2 (6.5) 40 (50.6)
Group 2: IVB/R Group 3: 3 (13.0)
Group 3: PDT
ChenL, 2011 Group 1: PDT+IV No serious ocular complications were observed
Group 2: IVR
Yoon JU, 2010 Group 1: PDT+IVB/R No serious ocular complications were observed
Group 2: IVB/R
Group 3: PDT
Ye XX, 2013 Group 1: PDT+IVR Group 1: O NA NA
Group 2: IVR Group 2: 1 (7.7)
Huang ZJ, 2011  Group 1: PDT+IVB Group 1: 5 (20.8) NA NA
Group 2: PDT Group 2: NA
Li TT, 2015 Group 1: PDT+IVB NA
Group 2: PDT

PDT: phododynamic therapy; IVR: intravitreal Ranibizumab; IVB: intravitreal Bevacizumab; NA: not available.

Adverse events

2 studies reported no severe complications in
both combined and monotherapy groups [23,
24]. Most frequent reported adverse events
were conjunctival hemorrhage, choriocapil-
laris atrophy and macular scar (Table 3). Rinaldi
F et al reported a higher percentage of chorio-
capillaris atrophy in combined therapy than
anti-VEGF alone group [17]. A 50.6% rate of
macular scar was found in Rishi et al’s studies
in their long obvservation for almost 9 years
[22].

Publication bias

The inverted funnel plot did not indicate any
publication bias for all results in our meta-an-
alysis.
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Discussion

Our systematic review and meta-analysis con-
sisted of 8 comparative studies. To the best of
our knowledge, it is the first meta-analysis pro-
viding summarized conclusions related to com-
bined PDT and anti-VEGF therapy for non-AMD
related CNV. We discovered that patients’ BCVA
did not increase significantly in combined group
versus any monotherapy. Significant decrease
of CMT was found in PDT plus anti-VEGF thera-
py compared with anti-VEGF injections alone.
Furthermore, patients in combined therapy
group received significant less number of anti-
VEGF injections than those with monotherapy.

Treatment of CNV changed from earlier surgical
remove, lasers, PDT to recent anti-VEGF thera-
pies. PDT was used to be the mainstream treat-
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ment by selectively occluding the leakage from
CNV without damaging healthy retina, however,
apparent adverse events such as RPE and cho-
riocapillaries atrophy might influence its further
efficacy [25]. Therefore, appearance of anti-
VEGF drugs has brought about a new and hope-
ful method targeting to CNV diseases. VEGF
plays a dominant role in angiogenesis by pro-
moting the activities of present endothelia
cells, causing vascular abnormalities, stimulat-
ing neovascularization and increasing the per-
meability of vascular walls [26]. Subsequently,
hemorrhage and edema begin to accumulate in
intraretinal or subretinal space, leading to dete-
riorating of visual acuity and increase of CMT.
Bevacizumab is a kind of full-length anti-VEGF-
A monoclonal antibody preventing VEGF from
combining with its receptors Fit-1 and KDR.
Ranibizumab is a selected mutated Fab frag-
ment of a humanized monoclonal antibody,
having a relative higher affinity than Beva-
cizumab [27]. Both of them could not only elimi-
nate active CNV, but also inhibit further neovas-
cularization [28], thus to relieve patients’ symp-
toms and increase their visual acuity.

Unlike AMD-sourced CNV with a standard treat-
ment protocol of anti-VEGF injections, CNV orig-
inated from pathological myopia or other sourc-
es had no optimal treatments or guidelines yet.
In former original studies and reviews concern-
ing the comparison of anti-VEGF and PDT, a
variety of them confirmed that anti-VEGF drugs
were beneficial on patients with non-AMD
sourced CNV, safer and more effective than
PDT [28, 29]. Trials of combined therapy con-
ducted by Saviano et al [18], Chen et al [23]
and Yoon et al [24] showed no significant differ-
ences between PDT plus anti-VEGF and anti-
VEGF alone groups, which were consistent with
our results. Although applied widely before the
occurrence of anti-VEGF agents, PDT could
actually upregulate the expression of VEGF and
pigment epithelium derived factor, causing a
microenvironment of pro-angiogenesis and
inhibiting the efficacy [30]. Obvious choriocapil-
laris atrophy was also observed in groups treat-
ed by PDT in several studies [17, 22] and Rinaldi
et al reported a higher rate of choriocapillaris
atrophy in standard-fluence PDT than reduced-
fluence PDT [17]. Therefore, a combination of
PDT and anti-VEGF could provide complemen-
tary effects. In Huang et al [20] and Li et al [21]
's studies, combined therapy was superior to
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PDT alone in BCVA change, however, our cumu-
lative analysis found no significant difference
between two groups, probably due to limited
number of included studies and samples.

In our meta-analysis, we concluded that the
number of anti-VEGF injections were significant
less in combined group compared with anti-
VEGF monotherapy, which might be an appar-
ent advantage of combined therapy. Repeated
intravitreal injections of anti-VEGF agents are
necessary according to pro re nata (PRN) fre-
quencies, accompanied with some severe
adverse events such as endophthalmitis, which
could cause blindness though seldom occurred
[31]. Patients with myopic CNVs are more sus-
ceptible to retinal rupture and even retinal
detachment resulted from peripheral vitreo-
retinal degeneration. Multiple punctures would
cause some traction and then increase this
kind of risk, which could be reduced by an extra
PDT [18]. Frequent visits to hospital and injec-
tions bring about inconvenience to pregnant
female patients and those bearing cardiovas-
cular diseases [12, 23]. Moreover, the fewer
injections could also reduce the economic bur-
den of patients from the relative high cost of
anti-VEGF agents.

Several limitations occurred in our systematic
review and meta-analysis. Firstly, only 8 com-
parative studies were included and 5 of them
were RCTs with inadequate samples, influenc-
ing the validity of our results. Further RCTs with
larger sample size are necessary to provide
more accurate evidences for treatment.
Secondly, follow-up varied among studies from
3 month to 9 years, causing significant hetero-
geneity after combining related data. Number
of studies in each subgroup was not enough for
a more convinced result. Thirdly, patients from
5 studies came from Asian countries and few
Caucasians or other races were researched,
partly because of the high prevalence of myo-
pia in Asian countries. These above limitations
decreased power of evidences to some degree.

Conclusion

We concluded that no significant differences
between PDT plus anti-VEGF injections and
anti-VEGF monotherapy in improving BCVA
among patients suffering non-AMD sourced
CNV. However, combined therapy could signifi-
cantly reduce the number of anti-VEGF treat-
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ments, lower the risk of severe side effects and
relieve the burden of younger patients. In sum-
mary, anti-VEGF drugs have been commonly
applied on CNV other than AMD cause, with the
assistance of PDT if necessary. Further RCTs
with larger samples and in higher quality are
still needed to guide normative treating regi-
mens for non-AMD sourced CNVs.
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