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Abstract

Purpose To assess the effects of half-dose photodynamic therapy (PDT) combined with an intravitreous aflibercept (IVA)
injection for pachychoroid neovasculopathy (PNV) and its predictive factors.

Methods Clinical information of 43 patients (43 eyes) with PNV obtained before and 6 months after treatment with half-
dose PDT combined with IVA was retrospectively analyzed. Patients were categorized into the sufficient (25 eyes, 58.1%)
or insufficient (18 eyes, 41.9%) group based on resolution or persistence/recurrence of subretinal fluid (SRF), respectively,
and clinical data were compared. Macular neovascularization (MNV) change was studied in 30 cases with available pre- and
post-treatment optical coherence tomography angiography images.

Results The sufficient group included younger patients with better baseline best-corrected visual acuity (BCVA), more
treatment-naive eyes, and smaller MNV lesions at baseline than the insufficient group (all, P <0.047). Complete SRF resolu-
tion was 81.8% in treatment-naive eyes and only 33.3% in previously treated eyes. MNV expanded after half-dose PDT was
combined with IVA regardless of the treatment outcome (P =0.003).

Conclusion Half-dose PDT combined with IVA was effective for PNV treatment, especially for younger patients with good baseline
BCVA, treatment-naive eyes, and small MNV sizes at baseline. MNV expanded after treatment regardless of the treatment outcomes.

Keywords Half-dose photodynamic therapy - Macular neovascularization - Optical coherence tomography angiography -
Pachychoroid disease - Pachychoroid neovasculopathy

Key messages

What is known:

® Treatment options for pachychoroid neovasculopathy (PNV) reportedly include vitreous injection of anti-VEGF
drugs, several variations of PDT, or combination of both.

What is new:

® Half-dose PDT combined with IVA was found to be effective for PNV treatment, especially in younger patients,
good baseline BCVA, treatment-naive eyes, and small MNV size at baseline.

® The results confirmed that MNV expanded after treatment, regardless of treatment outcome.
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Introduction

In recent years, pachychoroid disease has been proposed
to be a spectrum of conditions caused by a pathologically
thick choroid with dilated choroidal vessels and choroidal
vascular hyperpermeability (CVH) [1, 2]. Several types
of phenotypes exist in pachychoroid disease, including
central serous chorioretinopathy (CSC), pachychoroid pig-
ment epitheliopathy (PPE), pachychoroid neovasculopathy
(PNV), and polypoidal choroidal vasculopathy. Occasion-
ally, CSC or PPE persists for long periods and becomes
chronic, leading to the development of type 1 macular neo-
vascularization (MNV) referred to as “PNV” [3]. PNV
pathogenesis may differ from conventional age-related
macular degeneration (AMD), which is characterized by
preceding drusen, while similarly developing MNV [2, 3].
PNV contributes to the pathogenesis of AMD, particularly
among Asians, who have a higher prevalence of pachycho-
roid disease than Caucasians [2].

Anti-vascular endothelial growth factor (VEGF) ther-
apy is the gold standard for treating AMD with MNV.
Verteporfin photodynamic therapy (PDT) targeting CVH
is widely used to treat chronic CSC. In particular, lower
doses of verteporfin or reduced laser power (half-dose,
half-fluence, and half-time PDT), which targets CVH, has
been successfully applied previously [4-8]. Exudative
changes in PNV may be caused by both MNV and CVH,
and treatment options reportedly include vitreous injection
of anti-VEGF drugs, several variations of PDT, or a com-
bination of both [9-15], with no consensus. Combination
therapy targeting both MNV and CVH may be effective,
but it is also necessary to select appropriate therapy for
individual case condition.

Thus, we investigated the effects of half-dose PDT com-
bined with an intravitreous aflibercept (IVA) injection for
PNV and its predictive factors.

Methods
Ethics statement

This retrospective observational case series two-center study
was conducted according to the tenets of the Declaration
of Helsinki and received the approval of the Institutional
Review Board of the Nagoya University Graduate School
of Medicine (2021-0339) and Kyorin University Gradu-
ate School of Medicine (1903). This study was registered
with the University Hospital Medical Information Network
(UMIN000046809). The Institutional Review Board granted
a waiver of informed consent due to the retrospective nature
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of the study. We also published the present study on the
Nagoya University network and Kyorin University network
to allow patients to decline participation. All patient data
were anonymized before analyses.

Participants

We collected data of consecutive eyes from patients diag-
nosed with PNV and treated with half-dose PDT combined
with IVA at the Nagoya University Hospital and Kyorin
University Hospital from June 2018 to August 2021, and
followed up for at least six months.

The inclusion criteria were eyes diagnosed with PNV,
regardless of whether they had been previously treated with
anti-VEGF agents or PDT. The exclusion criteria were eyes
with polypoidal choroidal vasculopathy diagnosed or sus-
pected by optical coherence tomography (OCT), fluorescein
angiography (FAG), and indocyanine green angiography
(ICGA).

Patients included in the study underwent comprehensive
ophthalmic examinations, including best-corrected visual
acuity (BCVA), fundus photography, FAG and ICGA (Spec-
tralis HRA + OCT, Heidelberg Engineering, Heidelberg,
Germany), spectral domain OCT (Spectralis HRA + OCT,
Heidelberg Engineering), and swept-source OCT angiogra-
phy (OCTA) (Plex Elite 9000, Carl Zeiss Meditec Inc., Dub-
lin, California, USA). Based on previous reports [12—15], we
diagnosed PNV when all of the following clinical and mor-
phological features of pachychoroid disease were observed
in the same lesion. First, the outer choroidal dilation and
inner choroidal attenuation were observed on OCT B-mode
images following serous retinal detachment and flat irreg-
ular pigment epithelial detachment (PED). Second, CVH
was observed on the corresponding ICGA images. Third
and final, coinciding with the flat irregular PED observed
in the OCT B-mode images, blood flow suggestive of MNV
was detected on the OCTA image and leakage from it was
detected on the FAG. Central choroidal thickness (CCT) was
not included in the diagnostic criteria because of its high
variability with age and clinical stage. Patients were retro-
spectively included in the study if the attending physician
diagnosed PNV according to the above diagnostic criteria
and half-dose PDT combined with IVA was performed. All
cases were confirmed to meet the diagnostic criteria by two
independent retinal specialists (JT and HO) before inclusion
in the study.

Half-dose PDT Combined with IVA

All patients were treated with half-dose PDT combined
with IVA. Half-dose PDT was performed within a week
after IVA. For the half-dose PDT, half of the standard dose
of verteporfin (3 mg/mz, Visudyne; Clinigen K.K., Tokyo,



Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:2235-2243

2237

Japan) was infused over 8 min, followed by a delivery
of 689 nm diode laser for 10 min following a previously
reported protocol [4]. The CVH containing the lesion with
MNYV was identified using middle phase ICGA, and set as
the PDT spot. The total light energy used was 50 J/cm?.
After the treatment, patients were instructed to avoid sun-
light for 5 days. Patients were followed up every month after
combined treatment, and if subretinal fluid (SRF) recurred or
persisted, or if subretinal pigment epithelium fluid accumu-
lated significantly, additional treatment with IVA monother-
apy or half-dose PDT combined with IVA was performed.

Clinical measurements

Patients were categorized into the sufficient or insufficient
group based on resolution or persistence/recurrence of SRF
within six months after half-dose PDT combined with IVA,
respectively, and clinical data were compared. Treatment
efficacy was evaluated by two independent retina specialists
(JT and HO) who were masked to the clinical course and
patient ID to ensure concordant results. Age, sex, treatment
history with anti-VEGF agents or PDT, BCVA, and axial
length at baseline were collected from medical records. The
CCT and PED height at baseline were measured manually
using the caliper function of the built-in software of the OCT
device. CCT was defined as the distance between the Bruch
membrane and the choroid-sclera boundary at the fovea.
PED height was defined as the maximum distance between
the retinal pigment epithelium and the Bruch’s membrane
in the PED containing the MNV. Macular 3 X 3 mm cubes
scan patterns on OCTA, including 300 A-scans per 3 mm,
were obtained at baseline and 6-9 months after the com-
bined treatment to assess MNYV size. The en-face images
containing MNV were generated by adjusting the segmen-
tation from the lower edge of the outer nuclear layer to the
Bruch’s membrane for each eye and removing projection
artifacts using the built-in software of OCTA. Then the
MNYV area was measured by manually selecting the MNV

Table 1 Patient Demographics and Characteristics at Baseline

on the en-face images, using ImagelJ software (ver. 1.8.0;
National Institutes of Health, Bethesda, MD, USA).

Statistical analyses

All statistical analyses were performed with the SPSS (ver.
28.0.0.0; IBM Corp., Armonk, NY, USA), and the Sha-
piro—Wilk test was performed to test data normality. For
comparisons between the two groups, the Student’s t-test,
the Mann—Whitney U test, and the Wilcoxon signed-rank
test were used depending on correspondence and whether
the distribution was normal or not. The Fisher’s exact test
or x -squared test was used to analyze the contingency table.
A multiple logistic regression analysis was also performed.
Data were presented by the mean + standard deviation, and
all P values < 0.05 were considered statistically significant.

Results

From the 47 eyes of 47 patients with PNV, data from 4
eyes were excluded due to the low-quality OCT image or
less than 6 months of follow-up. Therefore, data from 43
consecutive eyes of 43 patients with PNV (30 males and
13 females) were included. Of the 43 eyes included in the
study, 8 eyes were diagnosed with CSC or PPE at the initial
visit and subsequently developed MNV and the other 35
eyes had MNV detected from the initial visit. There were no
cases of subretinal hemorrhage during the follow-up period,
either before or after treatment. The patient characteristics
are summarized in Table 1. The mean age of the patients
was 62.0+10.4 (range, 41-84) years, the mean BCVA (log-
MAR) at baseline was 0.15 +0.17 (range, 20/63-20/20), and
the mean axial length was 23.7 + 1.0 (range, 21.5-25.9) mm.
A total of 21 of the 43 eyes (48.9%) had a history of previ-
ous treatment, either an intravitreal injection of anti-VEGF
agents or a half-dose PDT. All eyes were treated with half-
dose PDT combined with IVA and followed up for at least

Variables All Sufficient group Insufficient group P value
(n=43) (n=25) (n=18)

Age, years (range) 62.0+10.4 (41-84) 58.4+10.2 (41-77) 66.9+8.9 (53-84) 0.006*

Sex, men/women 30/13 15/10 15/3 0.100"

History of previous treatment, eyes (%) 21 (48.9) 7 (28.0) 14 (77.8) 0.001°

BCVA, logMAR (range, Snellen visual acuity) 0.15+0.17 (20/63-20/20)  0.09+0.14 (20/63-20/20) ~ 0.23+0.17 (20/63-20/20)  0.004"

Axial length, mm (range) 23.7+1.0 (21.5-25.9) 23.7+1.0 (21.5-25.4) 23.7+7.7 (22.2-25.9) 0.892%

BCVA best-corrected visual acuity

Data are presented as mean + standard deviation unless otherwise indicated

*Mann—Whitney U test, 1Lx—squared test, ¥t-test

@ Springer



2238

Graefe's Archive for Clinical and Experimental Ophthalmology (2023) 261:2235-2243

six months. Of 43 eyes, 25 eyes (58.1%) that were catego-
rized in the sufficient group, achieved complete SRF resolu-
tion, and did not require any additional treatment during the
six-month follow-up period. Notably, 18 eyes (41.9%) were
categorized in the insufficient group, showed persistent or
recurrent SRF, and required additional IVA monotherapy or
half-dose PDT combined with IVA during the 6-month fol-
low-up period. Although there was no significant difference
in sex and axial length between the sufficient and insufficient
groups (P=0.100, P=0.892, respectively), the mean age
in the sufficient group (58.4 + 10.2 years) was significantly
younger than that in the insufficient group (66.9 + 8.9 years,
P=0.006). Additionally, the mean baseline BCVA (log-
MAR) was significantly better in the sufficient group than in
the insufficient group (0.09+0.14, 0.23 +0.17, respectively,
P=0.004). Seven eyes (28.0%) in the sufficient group and
fourteen eyes (77.8%) in the insufficient group had a history
of previous treatment, and the difference was statistically
significant (P =0.001). The 25 eyes that achieved complete

Table2 Complete Resolution of SRF

SRF resolution did not need any additional treatment after
half-dose PDT combined with IVA up to 6 months after
treatment (Table 2). When classified according to the pres-
ence or absence of previous treatment history, the percent-
age of the complete SRF resolution was 81.8% in treatment-
naive eyes, and only 33.3% in previously treated eyes, which
was a significant difference (P=0.001).

The OCT and OCTA findings at baseline were also
analyzed and compared between the sufficient and insuf-
ficient groups (Fig. 1). There was no significant difference
in the CCTs of the sufficient group and insufficient group
(397.8 £152.7 pm, 361.9 +93.4 pm respectively, P=0.346).
Regarding the MNV morphology at baseline, the MNV sizes
in the sufficient group were significantly smaller than those
in the insufficient group (0.49 +0.55 mm?, 0.92 +0.88 mm?,
respectively, P=0.047). Although not significantly different,
PED tended to be lower in the sufficient group than in the
insufficient group (68.5+63.2 pm, 74.2+27.2 pm, respec-
tively, P=0.053).

Logistic regression analysis was performed for four items that
were significant in the univariate analysis: age, baseline BCVA,
history of previous treatment, and baseline MNV size. The results
showed that the outcome of half-dose PDT combined with IVA

History of previous treat-  Cases Complete resolution
ments of SRF, eyes (%) for PNV was significantly associated with age (OR=1.09, 95%
- 18 (818 CI[1.004, 1.176], P=0.040) and history of previous treatment
© . ; 3(3 X ) (OR=6.88,95% CI [1.507, 31.400], P=0.013). Baseline BCVA
(T+) ' 5 25( 5'8 )1 and baseline MNV size were not significantly associated with
ota (58.1 treatment outcome (P=0.12, P=0.51 respectively).
SRF subretinal fluid
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Fig. 1 Comparison of the central choroidal thickness (a), macular neovascularization (MNYV) size at baseline (b), and pigment epithelial detach-
ment (PED) height (c) between the sufficient group and insufficient group. * t-test, " Mann—Whitney U test
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Of the total 43 eyes, OCTA was performed in 30 eyes,
at baseline and 6-9 months after half-dose PDT combined
with IVA. Thereafter, the changes in MNYV size after half-dose
PDT combined with IVA was evaluated. In total, 19 of the 30
eyes did not require additional treatment after the combined
treatment, whereas 11 eyes required additional treatment with
IVA monotherapy or half-dose PDT combined with IVA.

Figure 2 shows a representative case of the sufficient
group, a 57-year-old woman with treatment-naive PNV.
Her baseline OCTA image showed MNV within a flat
irregular PED just above the dilated outer choroidal ves-
sels. The SRF disappeared within 1 month after half-
dose PDT combined with IVA and did not recur during
the 6-month follow-up. Nonetheless, 6 months after the
treatment, the MN'V size had enlarged by 27% compared
to baseline.

Figure 3 shows a representative case of the insufficient
group, a 61-year-old man without any treatment history.
His baseline OCTA images showed MNV with pachy-
choroid and the SRF recurred after combined treatment,
requiring additional treatment with anti-VEGF agents.
MNYV maturation was not evident, but the MNV size

Fig.2 Optical coherence
tomography (OCT) and OCT
angiography (OCTA) images of
a representative case a 57-year-
old female with treatment-naive
pachychoroid neovasculopa-
thy in the sufficient group at
baseline and six months post-
treatment. En-face and B-scan
OCTA images at baseline show
macular neovasucularization
(MNV) within a flat irregular
pigment epithelial detachment
(a, ¢). OCT image at baseline
shows subretinal fluid (SRF)
(b). Post-treatment en-face and
B-scan OCTA images show
enlarged MNV compared to
baseline (d, f). Post-treatment
OCT image showed no SRF
(e) and no need for additional
treatment

significantly enlarged by 333.9% 6 months after treatment
compared to baseline.

Overall, the mean MNYV size increased from 0.47 +0.45
mm? at baseline to 0.69 +0.69 mm? after half-dose PDT
combined with IVA (46.8%, P=0.003, Fig. 4a). However,
there was no significant difference in the change in MNV
size depending on whether additional treatment was required
(P=0.199, Fig. 4b).

Discussion

In this study, complete SRF resolution was observed in
58.1% of the eyes with PNV treated with half-dose PDT
combined with IVA at 6 months without additional treat-
ment. Furthermore, this treatment response rate increased
to 81.8% when restricted to treatment-naive eyes.

Several variations of PDT combined with anti-VEGF ther-
apy for treatment naive PNV have been reported previously.
Smretschnig et al. [16]. examined the treatment outcome of
half-fluence PDT combined with an intravitreal injection of
ranibizumab or bevacizumab for MNV in eyes with chronic
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Fig.3 Optical coherence
tomography (OCT) and OCT
angiography (OCTA) images

of a representative case of

a 61-year-old male with
treatment-naive pachychoroid
neovasculopathy in the insuf-
ficient group at baseline and six
months post-treatment. En-face
and B-scan OCTA images at
baseline show small macular
neovasucularization (MNV) size
within flat irregular pigment
epithelial detachment (a, c).
OCT image at baseline showing
subretinal fluid (SRF) (b). Post-
treatment en-face and B-scan
OCTA images showing enlarged
MNYV compared to baseline

(d, f). Intravitreous aflibercept
injection was added due to the
residual SRF after combined
treatment and OCT images six
months after combined treat-
ment showed no SRF (e)

Fig.4 Comparison of the macu-
lar neovascularization (MNV)
size before and after treatment
(a), and comparison of the
change in MNV size with and
without additional treatment
(b). * Wilcoxon signed-rank
test,  t-test

MNV size (mm?2 )

b
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Additional treatment

CSC; 8 of 17 eyes (47%) did not require additional treatment  treatment during a 1-year follow-up. Another study by Miki
during a 1-year follow-up. Kitajima et al. [11]. explored the et al. [14]. found that when ranibizumab or aflibercept was
efficacy of half-dose PDT combined with ranibizumab for PNV~ combined with full-dose PDT for PNV eyes, most cases, 19 of
and reported that 6 of 11 eyes (55%) did not require additional 20 eyes (95%), required no additional therapy during the first
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year after treatment. Similar to the current study, Matsumoto
et al. [13]. reported that the response rate at 1 year after half-
dose PDT combined with IVA was 81% (17 of 21 eyes). These
previously reported cases were in treatment-naive eyes, and
their outcome of PDT combined with anti-VEGF therapy was
generally comparable to those of the treatment-naive eyes in
this study. PDT combined with anti-VEGF therapy is an effec-
tive treatment for treatment-naive PNV. However, in this study,
only one-third of the previously treated eyes with PNV did not
require additional treatment for 6 months after half-dose PDT
combined with IVA. Based on the above, previously treated
PNV may be less effective and may have less benefit from half-
dose PDT combined with IVA.

PNV is a condition in which chronic CSC or PPE is compli-
cated by type 1 MNYV, and it is speculated that ischemia of the
choriocapillaris and dysfunction of the retinal pigment epithe-
lium as a consequence of dilated outer choroidal vessels results
in the formation of an abnormal vascular network [3, 17]. The
pathogenesis of both chronic CSC and MNV leads to SRF
accumulation. Since PNV is a chronic process, even with mul-
timodal imaging such as OCT, OCTA, FAG and ICGA, it is dif-
ficult to clearly classify whether MNV or CVH is the cause of
SRF in actual cases and it is likely that there is a mixture of both
factors. Therefore, the concurrent use of anti-VEGF agents and
PDT, which is effective in chronic CSC [4-8], may be a reason-
able approach and effective treatment for PNV. Besides sup-
pressing exudative changes from MNV, anti-VEGF drugs may
also play a role in reducing inflammation that may be induced
by PDT. In this study, the treatment response rate was signifi-
cantly better for patients who were younger, had better baseline
BCVA, no history of previous treatment with anti-VEGF agents
or PDT, and small MNYV size at baseline. Additionally, patients
with lower PED height containing MNV tended to have higher
treatment response rates. These results will help determine
which cases should be considered for combination therapy. Pro-
gression proceeds from chronic CSC to PNV [18], and PNV has
been shown to be in patients older in age and have poorer visual
acuity than chronic CSC [19]. Additionally, MNV that develops
in PNV is expected to expand over time, and the PED height
may be related to MNV growth. Studies based on OCT findings
indicate PNV has thinner CCT and lower choroidal vascularity
index compared to CSC [20-22]. A comparison of cytokines
in the aqueous humor showed that proinflammatory cytokines,
interleukin-6 and interleukin-8 are decreased in PNV compared
with chronic CSC, while angiogenic cytokines, VEGF-A and
placental growth factor are increased in PNV [19]. These find-
ings suggest that the pathophysiology of chronic CSC and PNV
changes over time as MNV develops and gradually expands.
Based on these findings, we consider the cases mostly included
in the sufficient group in this study were those that still had
strong characteristics of chronic CSC among the PNV. In the
cases where MV developed over time and the characteristics
of chronic CSC weakened, it is possible that the main cause of

SRD shifted from CVH to MNYV, and that a single treatment
of half-dose PDT with IVA was not sufficient to suppress the
activity of MNYV, thus additional treatment was necessary. This
suggests that even when defining PNV as chronic CSC compli-
cated by MNV, the treatment approach may need to be adjusted
depending on the condition stage.

Previous studies have indicated that the use of conven-
tional dose of verteporfin may induce MNV development
in eyes with chronic CSC [23]. Decreased choroidal perfu-
sion after PDT may increase the risk of MNV development
by inducing choroidal ischemia [24, 25]. Thus, for safety
reasons, PDT with the use of low doses of verteporfin or
low laser power is widely used to treat chronic CSC. Chen
et al. [26]. conducted a 3-year clinical course of 30 chronic
CSC eyes with MNV (4 eyes were treated with anti-VEGF
agents due to recurrent SRF but none received PDT). In
those 30 eyes, the MNV area increase rate was approxi-
mately 1.4-folds. However, Hu et al. [27]. reported that
MNV roughly doubled over 3 years after half-dose PDT
in eyes with chronic CSC complicated by MNV. In this
study, MNV also expanded six months after half-dose PDT
combined with IVA regardless of treatment outcome, but
the rate of expansion was only 1.47-folds. These results
suggest that MNV may expand after conventional PDT and
even after half-dose PDT, although the combination of anti-
VEGEF agents may reduce the rate of MNV expansion for
at least six months after treatment. The MNV development
with PNV is likely to be quiescent [20, 26], but the long-
term course remains unclear, and continuous follow-up is
necessary even when exudative change has subsided after
treatment.

The study limitations include the short observation
period, retrospective study design, lack of data on the nat-
ural history, and lack of comparison with other treatment
methods, including half-dose/full-dose PDT combined with
another anti-VEGF other than aflibercept, half-dose/full-
dose PDT alone or anti-VEGF alone.

In conclusion, half-dose PDT combined with IVA was an
effective treatment for PNV, especially for younger patients
with good baseline BCVA, treatment-naive eyes, and small
baseline MNV size. MNV expanded after half-dose PDT
combined with IVA regardless of treatment outcome,
although the expansion rate may have been controlled. An
extended study to search for an optimal treatment consider-
ing the clinical stages of PNV is warranted.
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