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We describe the clinical characteristics of treatment-naive polypoidal choroidal vasculopathy (PCV)

in three tertiary clinic settings in 2 cities (Chicago in the USA and Nishinomiya in Japan). This cohort
study was a retrospective, multicenter, consecutive case series. A total of 126 patients with treatment-
naive PCV—46 in Chicago and 80 in Nishinomiya—were identified. The proportion of PCV in patients
with neovascular age-related macular degeneration was lower in Chicago (10.8% vs. 36.9%). Patients
in Chicago had a significantly higher prevalence of soft drusen (50.0% vs 25.0%, p=0.006) and intra-
retinal cyst (37.0% vs 15.0%, p =0.008), and a significantly lower prevalence of pachyvessels (41.3% vs
62.5%, p=0.03). At baseline, presenting vision for patients in Chicago was worse than in Nishinomiya
(mean log MAR: 0.609 vs. 0.312, p<0.001). Ninety-five eyes were followed for more than one year. The
Nishinomiya group received a higher rate of combination therapy (61.0%) compared to the Chicago
group (5.3%). Vision and central foveal thickness at month 12 were significantly improved from
baseline in both Chicago (p=0.009 and p =0.01) and Nishinomiya groups (both p <0.001). Our study
highlights interesting differences in the proportion of PCV, clinical findings and treatment responses
of PCV, that need to be further evaluated in larger, epidemiologic cohorts.

Age-related macular degeneration (AMD) is a progressive chronic disease and a leading cause of blindness in
elderly people. The prevalence of AMD increases with age'. AMD accounts for 8.7% of all blindness worldwide
and is the most common cause of blindness in developed countries. The estimated population with AMD world-
wide is projected to reach 288 million by 20402. Polypoidal choroidal vasculopathy (PCV) is considered a subtype
of AMD, associated with recurrent serous subretinal fluid and subretinal hemorrhage, vitreous hemorrhage, and
relatively minor fibrotic scarring compared with typical AMD?. PCV has also been considered to be one of the
pachychoroid spectrum diseases, characterized by similar choroidal findings, such as diffuse or focal areas of
increased choroidal thickness and dilated choroidal vessels®. According to recent interpretation, PCV is likely
multifactorial, with features that overlap with AMD as well as pachychoroid diseases’.

The etiology of PCV remains largely unknown. PCV reports in Black and Asian patients are more frequently
seen in the literature, and both these racial and ethnic groups have a higher risk of developing PCV compared
to White patients®’. Although previous data vary widely in different countries, and most large PCV studies
arise from Asian countries® '°. However, recent research suggests that PCV is not rare in White patients, who
present with occult choroidal neovascularization'""'?, and the presentation of White patients is more closely
related to typical neovascular AMD'>!. The current gold standard for diagnosing PCV requires indocyanine
green angiography (ICGA), but this is a relatively invasive procedure that is not routinely performed in eyes
with exudative AMD, which could account for a relative underdiagnosis of PCV in specific environments where
ICGA is unavailable or unpopular.

Clinical characteristics and treatment responses of PCV are highly variable due to differences in etiology,
genetics, and morphology'>~"”. A variety of different subtypes of PCV have been suggested's, prompting novel
classification systems'®. Whereas intravitreal injections of anti-vascular endothelial growth factor (anti-VEGF)
agents represent the standard of care for neovascular AMD, some PCV lesions respond less favorably to anti-
VEGF monotherapy, and this could be caused by the substantial variation in the population®. In fact, substantial
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variation in PCV has been reported in terms of demographic characteristics, risk factors, genetic association,
clinical presentation, and natural history in different populations*~%*.

In this study, we proposed to compare the clinical presentation of PCV in three tertiary referral institutions
in two different cities in different countries (Chicago in the USA and Nishinomiya in Japan). In addition, we also
proposed to evaluate the difference in clinical presentation among patients in these different settings. Therefore,
we discuss the difference in clinical characteristics, treatment algorithms and treatment responses of PCV.

Results

Demographic and clinical characteristics difference between Chicago and Nishinomiya. A
flow chart of the patient selection process is shown in Fig. 1. We reviewed 2491 individuals with AMD, and 457
individuals were diagnosed with treatment-naive exudative AMD. Of these individuals, 126 were confirmed as
having PCV based on the optical coherence tomography (OCT) criteria. The proportion of PCV in patients with
treatment-naive exudative AMD was 19.7% (10.8% in Chicago, 36.9% in Nishinomiya). Table 1 shows the demo-
graphic characteristics of the entire study population. Seventy-five patients were men, 51 patients were women,
and the mean age was 73.8. The Chicago group had a higher percentage of females (69.6%), and the Nishinomiya
group had a lower body mass index (BMI) (mean: 23.1 kg/m?).

Table 2 shows the clinical characteristics of the study population. One hundred twenty-six eyes in 126 patients
were included. The prevalence of soft drusen and intra-retinal cysts was significantly higher in the Chicago group
(50.0% and 37.0%, respectively) compared to the Nishinomiya group (25.0% and 15.0%, respectively; p=0.006
and p=0.008). The Chicago group had a lower percentage of pachyvessels (41.3%) compared to the Nishinomiya
group (62.5%). Mean baseline visual acuity (VA) was 0.609 in Chicago and 0.312 in the Nishinomiya groups,
significantly worse in Chicago (p <0.001). The prevalence of subretinal hemorrhage was 41.3% (52/126 eyes).

Eyes diagnosed with AMD between
January 2016 and December 2020
n=2491

Exclusion
« Previous history of treatment before baseline
(Anti-VEGF, Posterior-segment laser)
> Significant media opacity
» Previous history of ocular trauma or surgery = 3
month before baseline
« Without exudative changes
v n=2034
Treatment naive exudative AMD
n=457

Treatment naive PCV
n=126

Figure 1. Flowchart of our retrospective study design. AMD age-related macular degeneration, PCV polypoidal
choroidal vasculopathy.

Total (n=126) | Chicago (n=46) | Nishinomiya (n=80) |p
Age (years) 73.8+9.5 733+11.3 742+8.3 0.92*
Gender (male) (%) 75 (60.0%) 14 (30.4%) 61 (76.3%) <0.001°
BMI 247+4.4 27.4+52 23.1+£3.0 <0.001*
Smoker (current or former) (%) 62 (49.2%) 25 (54.4%) 37 (46.3%) 0.46°
DM (%) 17 (13.5%) 8 (17.4%) 9 (11.3%) 0.41°
HTN (%) 75 (59.5%) 30 (65.2%) 45 (56.3%) 0.35°
Ischemic cardiac disease (%) 12 (9.5%) 3 (6.5%) 9 (11.3%) 0.53°
Renal disease (%) 3 (2.4%) 2 (4.4%) 1(1.3%) 0.55"

Table 1. Baseline demographic characteristics for Chicago and Nishinomiya patients. *“Mann-Whitney U
test and Fisher’s exact test were used to calculate p values. *Significant at p <0.05. BMI body mass index, DM
diabetes mellitus, HTN hypertension.
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Total (n=126) | Chicago (n=46) | Nishinomiya (n=80) |p
Eyes (right) (%) 51 (40.5%) 23 (50.0%) 28 (35.0%) 0.13*
Location of polypoidal lesion 0.19°
Macular (%) 91 (72.2%) 33 (71.7%) 58 (72.5%)
Peripapillary (%) 23 (18.3%) 11 (23.9%) 12 (15.0%)
Other (%) 12 (9.5%) 2 (4.4%) 10 (12.5%)
VA 0.421+0.457 0.609+0.562 0.312+0.340 <0.001°¢
Hard exudates (%) 40 (31.8%) 13 (28.3%) 27 (33.8%) 0.56*
Soft drusen (%) 43 (34.1%) 23 (50.0%) 20 (25.0%) 0.006*
Pachydrusen (%) 44 (34.9%) 13 (28.3%) 31 (38.8%) 0.25
Subretinal hemorrhage (%) 52 (41.3%) 21 (45.7%) 31 (41.3%) 0.50*
Intra retinal fluid (%) 29 (23.0%) 17 (37.0%) 12 (15.0%) 0.008*
Pachyvessels (%) 69 (54.8%) 19 (41.3%) 50 (62.5%) 0.03*
Double-layer sign 67 (53.2%) 20 (43.5%) 47 (58.8%) 0.14
CFT (um) 333+146 327177 336+126 0.22¢
SECT (um) 242+101 233+73 247+115 0.89¢
Fellow eye
Pachychoroid disease (%) 28 (21.8%) 10 (21.7%) 18 (22.5%) 1.0
AMD (%) 15 (12.6%) 6 (28.6%) 8(10.0%)
CFT (fellow eye) (um) 198 +53 194 +45 200+57 0.91¢
SECT (fellow eye) (um) 221+85 195+ 67 237+91 0.01¢

Table 2. The baseline clinical characteristics for Chicago and Nishinomiya patients. *Fisher’s exact test,
bPearson’s chi-square test and ‘Mann-Whitney U test were used to calculate p values. *Significant at p < 0.05.
VA visual acuity, CFT central foveal thickness, SECT subfoveal choroidal thickness, AMD age-related macular
degeneration. A Asian, B Black, W White.

Among these, the prevalence of subretinal hemorrhage involving the fovea was 88.5% (46/52 eyes). The subfoveal
choroidal thickness (SFCT) in the Nishinomiya group was significantly larger than the Chicago group (237 vs.
195 um, p=0.011). SFCT in fellow eyes (mean, 221 um) was significantly lower than SFCT in the affected eye
(p=0.002).

Fifty-two eyes (41.3%) had subretinal hemorrhage at presentation, with subretinal hemorrhage involving
the fovea in 46 of 52 eyes (88.5%). Table 3 shows the odds ratio (OR) of subretinal hemorrhage according to
demographic characteristics. In the univariate analysis, smoking status (OR 3.10, p=0.003), Diabetes Mellitus
(OR 3.04, p=0.04) were associated with higher odds of subretinal hemorrhage. In multivariate analysis, only
smoking status remained significant. (OR 2.82, p=0.01).

Time course and clinical outcomes. Ninety-seven eyes from 97 patients were followed for more than
one year. Thirty-eight of 46 (82.6%) patients in Chicago group and 59 of 80 (73.8%) patients in Nishinomiya
group were included in the analysis. Fifty-nine eyes were treated by anti-vascular endothelial growth factor
(VEGF) monotherapy, and 38 eyes were treated by combination therapy using photodynamic therapy (PDT)
and anti-VEGF. Most eyes (90.4%) were treated with aflibercept (Table 4). In this study, the Nishinomiya group
received a higher rate of combination therapy (61.0%) compared to the Chicago group (5.3%). Moreover, the
Nishinomiya group received a lower number of anti-VEGF injections (mean: 3.5/year) compared to the Chicago
group (mean: 7.6/year). Nishinomiya group had significantly better baseline VA (P=0.005) (Supplementary

Risk factor OR | 95% CI p (univariate) | OR | 95% CI p (multivariate)
Age 1.02 | 0.98-1.06 |0.30

Gender (male) 1.32 |0.64-2.74 |0.45

Smoker (current or former) (yes) 3.10 | 1.48-6.50 |0.003* 2.82 | 1.23-6.45 |0.01*

BMI 0.92 |0.84-1.01 |0.07 0.95 |0.86-1.05 |0.30

DM (yes) 3.04 |1.04-8.84 |0.04* 2.55 |0.74-8.85 |0.14

HTN (yes) 1.32 | 0.64-2.74 |0.45

Ischemic cardiac disease (yes) 1.02 | 0.30-3.40 |0.97

Renal disease (yes) 0.70 |0.06-7.99 |[0.71

Table 3. Univariate and multivariable analysis of demographic risk factors for subretinal hemorrhage.
*Significant at p <0.05. CI Confidence interval, OR odds ratio, BMI body mass index, DM diabetes mellitus,
HTN hypertension.
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Total (n=97) | Chicago (n=38) | Nishinomiya (n=59) |p
Treatment <0.001°
Anti-VEGF monotherapy 59 (60.8%) 36 (94.7%) 23 (39.0%)
Combination therapy 38 (39.2%) 2 (5.3%) 36 (61.0%)
Number of Anti-VEGF (1 year) 7.6+3.4 35+2.1 <0.001*

Table 4. Treatment approach and number of anti-vascular endothelial growth factor (anti-VEGF) injections
visits 1 year in patients with Chicago and Nishinomiya. *Kruskal-Wallis test and PFisher’s exact test were used
to calculate p values. *Significant at p <0.05.

table 1). VA and CFT at month 12 were significantly improved from baseline in both Chicago (p=0.009 and
p=0.01) and Nishinomiya groups (both p <0.001) (Fig. 2).

Racial and ethnic differences. Of the 46 patients with PCV in Chicago, 18 were Black, 21 were White,
4 were Asian, and 3 were Hispanic. All 80 patients with PCV in Nishinomiya were Japanese. The proportion of
PCV in Whites was 6.9%, 33.3% in Blacks, and 36.9% in Japanese. Compared to the Nishinomiya group (Japa-
nese group), the prevalence of subretinal hemorrhage was considerably higher in the Black group (72.0%) and
lower in the White group (33.3%). VA was worse in the Black group at baseline (mean Log MAR: 0.793). (Sup-
plementary Tables 2 and 3).

For 12 months follow-up (Black: 11 eyes, White: 20 eyes, Japanese: 59 eyes), VA at month 12 was signifi-
cantly improved from baseline in the Black (p=0.012) and Japanese groups (p <0.001). Though the White group
received a higher number of anti-VEGF injections, VA at 12 months was not improved from baseline (p =0.86)
(Supplementary Table 4 and Supplementary Fig. 1).

Discussion

In the present study, we observed several important differences in clinical characteristics and treatment outcomes
of PCV between patients who presented to tertiary referral retina clinics in Chicago (USA) and Nishinomiya
(Japan). The proportion of PCV was lower in the Chicago group. Clinical characteristics of PCV were also dif-
ferent between the two groups. The presenting vision in the Chicago group was worse than in the Nishinomiya
group. On image analysis, compared to the Nishinomiya groups, the Chicago group had less pachyessels, thinner
choroid, and more soft drusen and intra-retinal cyst.

The gold standard approach to diagnosing PCV requires the use of ICGA. However, it is not routinely per-
formed in eyes with exudative AMD in many clinical environments, including the USA. This could account for a
relative underdiagnosis of PCV in certain populations where ICGA is unavailable or unpopular. The Asia—Pacific
Ocular Imaging Society PCV Workgroup recently proposed using non-ICGA diagnostic imaging to manage
PCV worldwide**?. Therefore, in this study, we used non-ICGA diagnosis criteria. Using this approach, we
found that the proportion of PCV in the overall clinic-based treatment-naive exudative AMD population was
lower in Chicago than in Nishinomiya (10.8% vs. 36.9%). In addition, our study shows that Blacks in Chicago
(33.3%) seem to have a higher risk of developing PCV compared to Whites in Chicago (6.9%). Previous studies
suggested that the incidence of PCV in Asian patients with neovascular AMD was between 22.3-61.6%2¢ and
4-9.8% in White patients with neovascular AMD?. Our data show similar proportion of PCV to these previous
studies and adds that similar to Japanese, Blacks in Chicago also have a relatively higher proportion of PCV.

In our cohort, patients in Chicago had significantly higher prevalence of soft drusen (50.0% vs 25.0%) and
intra-retinal cyst (37.0% vs 15.0%), lower percentage of pachyvessels (41.3% vs. 62.5%) and SFCT (mean:195
vs. 237 mm) compared to the Nishinomiya population. Recent studies suggested that PCV can be further sub-
classified according to the presence of either pachychoroid or AMD features'>"". These two subtypes of PCV
present differently in terms of their angiographic and tomographic manifestations. Pachychoroid PCV is associ-
ated with choroidal vascular hyperpermeability, presence of branching vascular networks, and greater subfoveal
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Figure 2. Time course of visual acuity (VA), central foveal thickness (CFT), and subfoveal choroidal thickness
(SFCT) between Chicago and Nishinomiya. Vertical bars represent mean + standard error.
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choroidal thickness, whereas AMD-feature PCV is associated with soft drusen, intraretinal fluid, and fibrosis'>2%.

The underlying hypothesis is that there are differences in etiology, genetics, and morphology between the two
subtypes'*?2. In this study, the presentation of PCV in the Chicago group is more associated with the charac-
teristics of AMD-features.

In our study, the presenting vision and treatment outcomes were also different between the Chicago and
Nishinomiya groups. Presenting vision was worse in the Chicago group at baseline (mean Log MAR: 0.609)
than in the Nishinomiya group (mean Log MAR: 0.312). Besides differences in the feature of PCV, potentially
these patients had delayed presentation, which could explain the worse presenting vision. In the USA health-
care service, various factors, such as lower incomes®, racial and ethnic disparities’**!, and geographic access®,
affect the patient access to ophthalmology, while in Japan health insurance system provides universal coverage
and visual impairment is not associated with income level®. The difference in health care services and social
background could affect the timing of the presentation and presenting vision. Though anti-VEGF is the first-line
therapy for PCV in the USA and Japan, in this study, more than 60% of patients in Nishinomiya were treated with
a combination of anti-VEGF and PDT therapy, while the Chicago patients were almost exclusively treated with
anti-VEGF monotherapy (94.7%). Nevertheless, VA and CFT at month 12 significantly improved from baseline
in both Chicago and Nishinomiya groups. On the other hand, when evaluating our data based on racial and
ethnic subgroups, VA and CFT did not significantly improve in White individuals at 12 months, despite frequent
dosing of anti-VEGF (mean: 8.2). We suspect that the different baseline phenotypes of PCV might be associated
with the treatment outcomes. The differences in treatment approaches in the different health systems could also
potentially account for our results. Clinical trials using aflibercept have shown that anti-VEGF monotherapy was
non-inferior to combination therapy****. Recent studies have shown that the response to PDT and anti-VEGF
drugs might differ according to the choroidal phenotype'®'. In a small retrospective study, PDT was more effec-
tive in maintaining VA in pachychoroid-feature PCV compared with non-pachychoroid-feature PCV'¢. Along
the same lines, another small retrospective study showed that treatment response to anti-VEGF monotherapy
was different between pachychoroid-feature PCV and non-pachychoroid-feature PCV. This study showed that
pachychoroid-feature PCV had a relatively worse response to anti-VEGF monotherapy compared to AMD-
feature PCV'’. However, these studies included only Asian subjects in the same countries. Therefore, further
studies are needed to assess anti-VEGF and/or PDT treatment responses according to choroidal phenotype in dif-
ferent populations. In addition, baseline clinical characteristics, including baseline VA, were different among the
racial and ethnic groups. These baseline differences could have influenced the differences in treatment outcomes.

Hemorrhagic complications occur more frequently in PCV than in AMD?, and often result in chorioretinal
atrophy and poor visual prognosis'®**?. Interestingly, in our cohort, the prevalence of subretinal hemorrhage
was not different between Chicago and Nishinomiya groups overall. However, when we evaluated the local
prevalence in Chicago, we found that subretinal hemorrhage was more prevalent in the Black group (72.0%)
and considerably less prevalent in the White in Chicago (33.3%). The presence of subretinal hemorrhage might
be influenced by additional features related to the subject’s environmental and medical background. Therefore,
we also evaluated the demographic risk factors that were associated with subretinal hemorrhage and found that
smoking was a significant risk factor. Cigarette smoking is a significant risk factor for AMD and PCV?***, and
increases the risk of vascular diseases and major bleeding’®*'. Smoking may increase the risk of polyp rupture
and subsequent bleeding in PCV.

There are several limitations to this study. First, we reported a relatively small number of patients in Chicago
compared to Nishinomiya, and our study patients were recruited only from three, tertiary referral clinical sites.
Second, our study is susceptible to ascertainment bias because of its retrospective design and images obtaining
in different OCT machines and protocols. Many aspects of social background, cultural background, and health
care services differ across countries, cities, and regions. These differences may influence the timing of the first
visit and demographic characteristics. Furthermore, these differences in baseline patient characteristics could
have ultimately influenced the treatment outcome. In addition, because of its retrospective study, different treat-
ment regimens in the different hospitals could have affected the treatment outcomes. Moreover, we confirmed
the diagnosis of PCV using OCT criteria, while the current gold standard for diagnosing PCV requires ICGA.

In conclusion, the proportion of PCV and clinical findings were different, suggesting pathophysiological dif-
ferences in PCV among the different populations. We also found that presenting vision and treatment response
was different among different populations, which may reflect underlying differences in pathophysiology, treat-
ment algorithms, and/or access to healthcare and timing of presentation. Further prospective studies using the
multimodal devices, including ICGA and OCTA, are needed to assess these differences and long-term outcomes
in different populations. These studies are needed to help elucidate the utility and relative benefits of anti-VEGF
and/or PDT in the management of PCV in different populations.

Methods

Participants and methods. This is a multicenter, retrospective cohort study of patients with treatment
naive PCV at the following three institutions: Northwestern University, University of Chicago, and Hyogo Medi-
cal University, between January 2016 and December 2020, inclusive. This study was approved by the Institutional
Review Board of Northwestern University (approval number STU00214158) and the local institutional review
boards of all other participating centers (Hyogo Medical University and University of Chicago), which included
a waiver for the requirement of informed consent due to the retrospective nature of the study. In accordance
with the IRB approvals, all the patient data in this study were anonymized before analysis. All methods were
conducted in accordance with relevant guidelines and regulations.
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Participants. We reviewed the medical records of patients with exudative AMD from three institutions
(University of Chicago, Northwestern University, and Hyogo Medical University) between January 2016 and
December 2020. We compared the demographics and clinical characteristics of the two cities: Chicago and
Nishinomiya. We also compared results across racial and ethnic categories. The racial and ethnic categories were
based on the definition provided by the NIH All of Us Research Program. Data. This study included adults in the
USA who self-reported as Black or White and adults in Japan who self-reported as Japanese. Patients who had
previously undergone intravitreal treatment, including anti-VEGF agents or any type of posterior-segment laser,
including PDT, before baseline visits were excluded from this study. Eyes with retinal conditions other than PCV,
presence of significant media opacity, or any history of ocular trauma or surgery within three months before
baseline visit were also excluded. Within the treatment-naive exudative AMD group, PCV was diagnosed based
on the presence of a polypoidal lesion(s), as observed on fundus examination andfeatures of OCT images. The
diagnosis of AMD was made using The Age-Related Eye Disease Study (AREDS) classification*?. The diagnosis
of PCV was based on the modified criteria according to PCV workup group. Color fundus photos and OCT
images must have 3 diagnostic criteria: orange nodule color fundus photos, sub-retinal pigment epithelium ring-
like lesion, and sharp-peaked pigment epithelial detachment?***. Two independent masked observers (HF and
GB) screened the baseline images to determine eligibility. Cases of disagreement were adjudicated by a senior
observer (AAF). If the fellow eyes had been diagnosed with treatment naive PCV without exudative changes,
only the eye presenting with exudative changes was included.

Data collection and image analysis. Data were extracted from medical records at the three hospitals
and compiled at the data center in the Department of Ophthalmology, Northwestern University. We analyzed
patient demographic characteristics, including age, sex, BMI, smoking status, and systemic comorbidities (dia-
betes mellitus, hypertension, ischemic cardiovascular disease, and end-stage renal disease). We also analyzed
clinical data and images. At baseline presentation, VA, OCT, and color fundus photography examination were
collected. The VA was measured using a Landolt C chart or Snellen Chart. The OCT equipment used was Spec-
tralis HRA (Heidelberg-Engineering, Heidelberg, Germany) or Cirrus OCT (Carl Zeiss Meditec, Dublin, CA,
USA). The location of polypoidal lesion was recorded as either peripapillary (located with one disc diameter
from the margins of the disc), macular (located within the area 5.5 mm diameter from the center of the fovea,
except for the peripapillary zone), or other location if neither of these locations was applied. If patients were fol-
lowed for at least one-year, subsequent visits were reviewed. VA and OCT data were collected in these patients
at 3-, 6-, and 12-month follow-ups. Anti-VEGF treatment was administered intravitreally either as ranibizumab
0.5 mg/0.05 ml, aflibercept 2 mg/0.05 ml, or bevacizumab 1.25 mg/0.05 ml. PDT with verteporfin was admin-
istered with a 6 mg/m? infusion of verteporfin over 10 min, followed by laser delivery at 689 nm 15 min after
the start of the infusion. Anti-VEGF injection frequency (pro-re-nata, treat and extend, and fixed dosing) and
combination with PDT were based on each hospital’s physician and patient preferences.

Image analysis was performed by the data center at the Department of Ophthalmology, Northwestern Uni-
versity. Two reviewers (HF and GB) analyzed all the images of patients diagnosed with treatment-naive exuda-
tive PCV, and discrepancies were resolved by consensus. If consensus could not be reached, a third observer
interpreted the result (AAF). We reviewed baseline color fundus photography and OCT images.

Color fundus photos were reviewed for the following findings: (1) presence of hard exudates identified as
small white or yellowish-white deposits with sharp margins, located typically surrounding zones of polypoidal
lesions. (2) presence of soft drusen defined as round, confluent, yellow-white deposits with ill-defined borders.
(3) presence of subretinal hemorrhage. (4) presence of pachydrusen defined as large sized drusen (> 125 um)
with irregular outer contour, which could be isolated or scattered®.

OCT images were reviewed for the following findings: (1) presence of intraretinal fluid, defined as cysts within
the neuroretina on OCT, (2) presence of pachyvessels as determined by the appearance of large choroidal vessels
(pathologically dilated Haller’s vessels) accompanied with overlying choriocapillaris attenuation**, (3) presence
of double-layer sign defined the presence of an irregular low-lying elevation of the RPE from the underlying
intact Bruch’s membrane with low internal reflectivity of more than 250 um in the horizontal dimension and less
than 100 um height*, (4) CFT was measured using the measurement tool built into the OCT machine, (5) SFCT
was measured manually as the distance from Bruch’s membrane to the choroidal-scleral junction at the fovea.

Outcomes. Outcomes included demographic and clinical characteristics in each tertiary referral center. The
primary goal was to assess the differences in clinical characteristics among the 3 tertiary centers. The secondary
goal was to assess the differences in clinical characteristics among the different racial and ethnic groups (Black,
White, and Japanese). We also evaluated the treatment responses.

Statistical analysis. All statistical analyses were performed using JMP Pro (version 15.2.0, SAS Institute
Inc., Cary, NC, USA). VA was measured with a Landolt C acuity chart or Snellen chart and then converted to
a logarithm of the minimum angle of resolution (logMAR) units for statistical analyses. We used Fisher’s exact
test, Pearsons chi-square test, and Mann-Whitney U test to compare the demographic and clinical charac-
teristics of the Chicago and Nishinomiya groups. We used Fisher’s exact and Kruskal-Wallis tests to compare
the demographic and clinical characteristics differences among three racial and ethnic groups. The Wilcoxon
signed-rank test was used to compare the VA, CFT, and SFCT at baseline and after treatment. Univariate linear
regression analyses were performed to examine the associations between demographic factors and subretinal
hemorrhage. Factors that had a p-value less than 0.1 in the univariate were included in the multivariable linear
regression model. p <0.05 was considered statistically significant.
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.

Received: 7 August 2022; Accepted: 15 March 2023
Published online: 23 March 2023

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Jager, R. D., Mieler, W. F. & Miller, J. W. Age-related macular degeneration. N. Engl. ]. Med. 358, 2606-2617. https://doi.org/10.
1056/NEJMra0801537 (2008).

Wong, W. L. et al. Global prevalence of age-related macular degeneration and disease burden projection for 2020 and 2040: A
systematic review and meta-analysis. Lancet Glob. Health 2, e106-116. https://doi.org/10.1016/s2214-109x(13)70145-1 (2014).

. Yannuzzi, L. A. et al. Polypoidal choroidal vasculopathy and neovascularized age-related macular degeneration. Arch. Ophthalmol.

117, 1503-1510. https://doi.org/10.1001/archopht.117.11.1503 (1999).

. Cheung, C. M. G. et al. Pachychoroid disease. Eye 33, 14-33. https://doi.org/10.1038/s41433-018-0158-4 (2019).
. Pang, C. E. & Freund, K. B. Pachychoroid neovasculopathy. Retina 35, 1-9. https://doi.org/10.1097/iae.0000000000000331 (2015).
. Yannuzzi, L. A. et al. The expanding clinical spectrum of idiopathic polypoidal choroidal vasculopathy. Arch. Ophthalmol. 115,

478-485. https://doi.org/10.1001/archopht.1997.01100150480005 (1997).

. Uyama, M. et al. Idiopathic polypoidal choroidal vasculopathy in Japanese patients. Arch. Ophthalmol. 117, 1035-1042. https://

doi.org/10.1001/archopht.117.8.1035 (1999).

. Mori, K. et al. Phenotype and genotype characteristics of age-related macular degeneration in a Japanese population. Ophthalmol-

ogy 117, 928-938. https://doi.org/10.1016/j.ophtha.2009.10.001 (2010).

. Cheung, C. M. G. et al. Prevalence, racial variations, and risk factors of age-related macular degeneration in Singaporean Chinese,

Indians, and Malays. Ophthalmology 121, 1598-1603. https://doi.org/10.1016/j.ophtha.2014.02.004 (2014).

Coscas, G. et al. Comparison of exudative age-related macular degeneration subtypes in Japanese and French patients: Multicenter
diagnosis with multimodal imaging. Am. J. Ophthalmol. 158, 309-318.e302. https://doi.org/10.1016/j.2j0.2014.05.004 (2014).
Yadav, S., Parry, D. G., Beare, N. A. V. & Pearce, I. A. Polypoidal choroidal vasculopathy: A common type of neovascular age-related
macular degeneration in Caucasians. Br. J. Ophthalmol. 101, 1377-1380. https://doi.org/10.1136/bjophthalmol-2016-310074 (2017).
Kokame, G. T., deCarlo, T. E., Kaneko, K. N., Omizo, J. N. & Lian, R. Anti-vascular endothelial growth factor resistance in exuda-
tive macular degeneration and polypoidal choroidal vasculopathy. Ophthalmol. Retina 3, 744. https://doi.org/10.1016/j.oret.2019.
04.018 (2019).

Corvi, E. et al. Multimodal imaging comparison of polypoidal choroidal vasculopathy between Asian and Caucasian population.
Am. ]. Ophthalmol. https://doi.org/10.1016/j.2j0.2021.08.006 (2021).

van Dijk, E. H. C. et al. The spectrum of polypoidal choroidal vasculopathy in Caucasians: Clinical characteristics and proposal
of a classification. Graefes Arch. Clin. Exp. Ophthalmol. 259, 351-361. https://doi.org/10.1007/s00417-020-04844-z (2021).

Jang, J. W. et al. Typical polypoidal choroidal vasculopathy and polypoidal choroidal neovascularization. Retina 39, 1995-2003.
https://doi.org/10.1097/iae.0000000000002259 (2019).

Hata, M. et al. Efficacy of photodynamic therapy for polypoidal choroidal vasculopathy associated with and without pachychoroid
phenotypes. Ophthalmol. Retina 3, 1016-1025. https://doi.org/10.1016/j.0ret.2019.06.013 (2019).

Chang, Y. C. & Cheng, C. K. Difference between pachychoroid and nonpachychoroid polypoidal choroidal vasculopathy and their
response to anti-vascular endothelial growth factor therapy. Retina 40, 1403-1411. https://doi.org/10.1097/iae.0000000000002583
(2020).

Cheung, C. M. et al. The natural history of polypoidal choroidal vasculopathy: A multi-center series of untreated Asian patients.
Graefes Arch. Clin. Exp. Ophthalmol. 253, 2075-2085. https://doi.org/10.1007/s00417-015-2933-2 (2015).

Tan, C. S., Ngo, W. K., Lim, L. W. & Lim, T. H. A novel classification of the vascular patterns of polypoidal choroidal vasculopathy
and its relation to clinical outcomes. Br. J. Ophthalmol. 98, 1528-1533. https://doi.org/10.1136/bjophthalmol-2014-305059 (2014).
Kokame, G. T., deCarlo, T. E., Kaneko, K. N., Omizo, J. N. & Lian, R. Anti-vascular endothelial growth factor resistance in exuda-
tive macular degeneration and polypoidal choroidal vasculopathy. Ophthalmol. Retin. 3, 744-752. https://doi.org/10.1016/j.oret.
2019.04.018 (2019).

Balaratnasingam, C. et al. Polypoidal choroidal vasculopathy: A distinct disease or manifestation of many?. Retina 36, 1-8. https://
doi.org/10.1097/iae.0000000000000774 (2016).

Ma, L. et al. Association of genetic variants with polypoidal choroidal vasculopathy: A systematic review and updated meta-analysis.
Ophthalmology 122, 1854-1865. https://doi.org/10.1016/j.0phtha.2015.05.012 (2015).

Lee, W. K., Baek, J., Dansingani, K. K., Lee, J. H. & Freund, K. B. Choroidal morphology in eyes with polypoidal choroidal vascu-
lopathy and normal or subnormal subfoveal choroidal thickness. Retina 36(Suppl 1), S73-s82. https://doi.org/10.1097/iae.00000
00000001346 (2016).

Cheung, C. M. G. et al. Polypoidal choroidal vasculopathy: Consensus nomenclature and non-indocyanine green angiograph
diagnostic criteria from the Asia-Pacific ocular imaging society PCV Workgroup. Ophthalmology 128, 443-452. https://doi.org/
10.1016/j.0phtha.2020.08.006 (2021).

ChongTeo, K. Y. et al. Non-ICGA treatment criteria for suboptimal anti-VEGF response for polypoidal choroidal vasculopathy:
APOIS PCV workgroup report 2. Ophthalmol. Retin. 5, 945-953. https://doi.org/10.1016/j.oret.2021.04.002 (2021).

Wong, C. W. et al. Age-related macular degeneration and polypoidal choroidal vasculopathy in Asians. Prog. Retin. Eye Res. 53,
107-139. https://doi.org/10.1016/j.preteyeres.2016.04.002 (2016).

Lorentzen, T. D., Subhi, Y. & Sorensen, T. L. Prevalence of polypoidal choroidal vasculopathy in white patients with exudative
age-related macular degeneration: Systematic review and meta-analysis. Retina 38, 2363. https://doi.org/10.1097/IAE.0000000000
001872 (2018).

Coscas, G. et al. Toward a specific classification of polypoidal choroidal vasculopathy: Idiopathic disease or subtype of age-related
macular degeneration. Invest. Ophthalmol. Vis. Sci. 56, 3187-3195. https://doi.org/10.1167/iovs.14-16236 (2015).

Zhang, X. et al. Vision health disparities in the United States by race/ethnicity, education, and economic status: Findings from two
nationally representative surveys. Am. J. Ophthalmol. 154, $53-562. https://doi.org/10.1016/j.2j0.2011.08.045 (2012).

Orr, P, Barrén, Y., Schein, O. D., Rubin, G. S. & West, S. K. Eye care utilization by older Americans: The SEE project salisbury eye
evaluation. Ophthalmol. 106, 904-909. https://doi.org/10.1016/s0161-6420(99)00508-4 (1999).

Sloan, E. A., Brown, D. S,, Carlisle, E. S., Picone, G. A. & Lee, P. P. Monitoring visual status: Why patients do or do not comply with
practice guidelines. Health Serv. Res. 39, 1429-1448. https://doi.org/10.1111/j.1475-6773.2004.00297 x (2004).

Elam, A. R. & Lee, P. P. Barriers to and suggestions on improving utilization of eye care in high-risk individuals: Focus group
results. Int. Sch. Res. Not. 2014, 527831. https://doi.org/10.1155/2014/527831 (2014).

Iwano, M. et al. Visual acuity in a community-dwelling Japanese population and factors associated with visual impairment. Jpn.
J. Ophthalmol. 48, 37-43. https://doi.org/10.1007/s10384-003-0013-3 (2004).

Scientific Reports |

(2023) 13:4800 | https://doi.org/10.1038/s41598-023-31649-x nature portfolio


https://doi.org/10.1056/NEJMra0801537
https://doi.org/10.1056/NEJMra0801537
https://doi.org/10.1016/s2214-109x(13)70145-1
https://doi.org/10.1001/archopht.117.11.1503
https://doi.org/10.1038/s41433-018-0158-4
https://doi.org/10.1097/iae.0000000000000331
https://doi.org/10.1001/archopht.1997.01100150480005
https://doi.org/10.1001/archopht.117.8.1035
https://doi.org/10.1001/archopht.117.8.1035
https://doi.org/10.1016/j.ophtha.2009.10.001
https://doi.org/10.1016/j.ophtha.2014.02.004
https://doi.org/10.1016/j.ajo.2014.05.004
https://doi.org/10.1136/bjophthalmol-2016-310074
https://doi.org/10.1016/j.oret.2019.04.018
https://doi.org/10.1016/j.oret.2019.04.018
https://doi.org/10.1016/j.ajo.2021.08.006
https://doi.org/10.1007/s00417-020-04844-z
https://doi.org/10.1097/iae.0000000000002259
https://doi.org/10.1016/j.oret.2019.06.013
https://doi.org/10.1097/iae.0000000000002583
https://doi.org/10.1007/s00417-015-2933-2
https://doi.org/10.1136/bjophthalmol-2014-305059
https://doi.org/10.1016/j.oret.2019.04.018
https://doi.org/10.1016/j.oret.2019.04.018
https://doi.org/10.1097/iae.0000000000000774
https://doi.org/10.1097/iae.0000000000000774
https://doi.org/10.1016/j.ophtha.2015.05.012
https://doi.org/10.1097/iae.0000000000001346
https://doi.org/10.1097/iae.0000000000001346
https://doi.org/10.1016/j.ophtha.2020.08.006
https://doi.org/10.1016/j.ophtha.2020.08.006
https://doi.org/10.1016/j.oret.2021.04.002
https://doi.org/10.1016/j.preteyeres.2016.04.002
https://doi.org/10.1097/IAE.0000000000001872
https://doi.org/10.1097/IAE.0000000000001872
https://doi.org/10.1167/iovs.14-16236
https://doi.org/10.1016/j.ajo.2011.08.045
https://doi.org/10.1016/s0161-6420(99)00508-4
https://doi.org/10.1111/j.1475-6773.2004.00297.x
https://doi.org/10.1155/2014/527831
https://doi.org/10.1007/s10384-003-0013-3

www.nature.com/scientificreports/

34. Lee, W. K. et al. Efficacy and safety of intravitreal aflibercept for polypoidal choroidal vasculopathy in the PLANET study: A
randomized clinical trial. JAMA Ophthalmol. 136, 786-793. https://doi.org/10.1001/jamaophthalmol.2018.1804 (2018).

35. Ohji, M. et al. Efficacy and treatment burden of intravitreal aflibercept versus intravitreal ranibizumab treat-and-extend regimens at
2 years: Network meta-analysis incorporating individual patient data meta-regression and matching-adjusted indirect comparison.
Adv. Ther. 37, 2184-2198. https://doi.org/10.1007/s12325-020-01298-x (2020).

36. Okubo, A., Arimura, N., Abematsu, N. & Sakamoto, T. Predictable signs of benign course of polypoidal choroidal vasculopathy:
Based upon the long-term observation of non-treated eyes. Acta Ophthalmol. 88, e107-114. https://doi.org/10.1111/j.1755-3768.
2009.01850.x (2010).

37. Cho, S. C,, Cho, J., Park, K. H. & Woo, S. ]. Massive submacular haemorrhage in polypoidal choroidal vasculopathy versus typical
neovascular age-related macular degeneration. Acta Ophthalmol. https://doi.org/10.1111/a0s.14676 (2020).

38. Smith, W. et al. Risk factors for age-related macular degeneration: Pooled findings from three continents. Ophthalmology 108,
697-704. https://doi.org/10.1016/s0161-6420(00)00580-7 (2001).

39. Cackett, P. et al. Relationship of smoking and cardiovascular risk factors with polypoidal choroidal vasculopathy and age-related
macular degeneration in Chinese persons. Ophthalmology 118, 846-852. https://doi.org/10.1016/j.ophtha.2010.09.026 (2011).

40. Libby, P. & Theroux, P. Pathophysiology of coronary artery disease. Circulation 111, 3481-3488. https://doi.org/10.1161/circulatio
naha.105.537878 (2005).

41. Andersen, K. K, Olsen, T. S., Dehlendorff, C. & Kammersgaard, L. P. Hemorrhagic and ischemic strokes compared: Stroke severity,
mortality, and risk factors. Stroke 40, 2068-2072. https://doi.org/10.1161/strokeaha.108.540112 (2009).

42. Group, A.-R. E. D. S. R. A randomized, placebo-controlled, clinical trial of high-dose supplementation with vitamins C and E, beta
carotene, and zinc for age-related macular degeneration and vision loss: AREDS report no. 8. Arch. Ophthalmol. 119, 1417-1436.
https://doi.org/10.1001/archopht.119.10.1417 (2001).

43. Spaide, R. F. Disease expression in nonexudative age-related macular degeneration varies with choroidal thickness. Retina 38,
708-716. https://doi.org/10.1097/iae.0000000000001689 (2018).

44. Baek, J., Kook, L. & Lee, W. K. Choriocapillaris flow impairments in association with pachyvessel in early stages of pachychoroid.
Sci. Rep. 9, 5565. https://doi.org/10.1038/541598-019-42052-w (2019).

45. Wykoff, C. C. et al. Characterizing new-onset exudation in the randomized phase 2 FILLY trial of complement inhibitor pegceta-
coplan for geographic atrophy. Ophthalmology 128, 1325-1336. https://doi.org/10.1016/j.ophtha.2021.02.025 (2021).

Author contributions
H.E, EG,, D.S., and A.F. designed research; H.E,, G.B., ].M. performed research; H.F,, and G.B. analyzed data;
H.E, and A.E wrote the paper. All authors reviewed the manuscript.

Competing interests

The authors have made the following disclosure(s): H.F: Grant—Uehara Memorial Foundation Research Fellow-
ship. J.M: Grant—Illinois Society for the Prevention of Blindness. D.S: Grant—Bright focus, ARVO foundation/
Genentech, ISPB, Women’s Board, ITM, FORE-I Consultant—Allergan, Biogen, Alimera Science, Focuscope,
LaGrippe research, Neurodiem, SITC. EG: Lecturer—Bayer, Novartis, Santen. A.F: Grant—National Eye Insti-
tute: RO1 EY31815. Consultant- Boehringer Ingelheim, Genentech/Roche, Regeneron. The sponsor or funding
organization had no role in the design or conduct of this research.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-31649-x.

Correspondence and requests for materials should be addressed to EG. or A.A.E.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

o | icense, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:4800 | https://doi.org/10.1038/s41598-023-31649-x nature portfolio


https://doi.org/10.1001/jamaophthalmol.2018.1804
https://doi.org/10.1007/s12325-020-01298-x
https://doi.org/10.1111/j.1755-3768.2009.01850.x
https://doi.org/10.1111/j.1755-3768.2009.01850.x
https://doi.org/10.1111/aos.14676
https://doi.org/10.1016/s0161-6420(00)00580-7
https://doi.org/10.1016/j.ophtha.2010.09.026
https://doi.org/10.1161/circulationaha.105.537878
https://doi.org/10.1161/circulationaha.105.537878
https://doi.org/10.1161/strokeaha.108.540112
https://doi.org/10.1001/archopht.119.10.1417
https://doi.org/10.1097/iae.0000000000001689
https://doi.org/10.1038/s41598-019-42052-w
https://doi.org/10.1016/j.ophtha.2021.02.025
https://doi.org/10.1038/s41598-023-31649-x
https://doi.org/10.1038/s41598-023-31649-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Clinical variations of polypoidal choroidal vasculopathy: A cohort study from Japan and the USA
	Results
	Demographic and clinical characteristics difference between Chicago and Nishinomiya. 
	Time course and clinical outcomes. 
	Racial and ethnic differences. 

	Discussion
	Methods
	Participants and methods. 
	Participants. 
	Data collection and image analysis. 
	Outcomes. 
	Statistical analysis. 

	References


