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IntRoductIon

Polypoidal choroidal vasculopathy (PCV) is a macular 
disease affecting the elderly that is more prevalent among 
Asians as compared with Caucasians and has been found to 
account for 25% to 50% of cases of presumed neovascular 
age‑related macular degeneration in Asian patients.[1‑4] The 
natural course of PCV is variable. The visual outcomes 
following PCV are generally better compared with choroidal 
neovascularization (CNV) following AMD. When the 
pathologic changes affect the subfoveal area, episodes of 
exudation will result in RPE and photoreceptor degeneration, 
scarring, and irreversible vision loss.[5‑8]

There is no effective and widely accepted method for 
treating PCV. Photodynamic therapy (PDT) is one of the 
most common treatments, and several studies have reported 
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improved vision and reduced polypoidal lesions after 
PDT treatment. However, the mean best‑corrected visual 
acuity (BCVA) usually decreases below baseline, and the 
recurrence rate is 59–79% 3–5 years after the initiation 
of PDT monotherapy.[9‑12] Furthermore, several serious 
complications after PDT were reported, such as massive 
subretinal hemorrhages, retinal pigment epithelium tears, 
and retinal atrophy.[13‑17]

Intravitreal injections of anti‑vascular endothelial growth 
factor (VEGF) agents, such as bevacizumab or ranibizumab, 
can reduce subretinal fluid (SRF) and stabilize the vision of 
eyes with PCV.[18‑21] However, both of these drugs are less 
effective at decreasing the abnormal choroidal vasculature 
characteristics of PCV compared to PDT. In addition, 
compared to typical AMD, PCV responds less favorably to 
anti‑VEGF therapy, and polyp closure occurs incompletely 
in a majority of cases.[22‑24]

Conbercept (KH902; Chengdu Kanghong Biotech Co., Ltd., 
Sichuan, China) is the most recently approved member of the 
anti‑VEGF family of drugs. Conbercept was developed to 
provide a more potent and prolonged anti‑VEGF effect and 
was approved by the China Food and Drug Administration 
in November 2013. Similar to aflibercept, conbercept 
consists of the VEGF‑binding domains of human VEGFR‑1 
and VEGFR‑2 combined with the Fc portion of human 
immunoglobulin G‑1. In addition to a high affinity for all 
isoforms of VEGF‑A, conbercept also binds to placental 
growth factor and VEGF‑B. The structural difference 
between conbercept and aflibercept is that conbercept also 
contains the fourth binding domain of VEGFR‑2, which 
is essential for receptor dimerization and enhances the 
association rate of VEGF to the receptor. Because this 
domain of VEGFR‑2 has a lower isoelectric point, the 
addition of this domain to KH902 decreases the positive 
charge of the molecule and results in decreased adhesion to 
the extracellular matrix.[25‑27]

Currently, there is no uniform classification system for PCV 
based on its angiographic characteristics. Classification systems 
for diseases should utilize differences in presentation, natural 
history, clinical outcomes, and treatment responses. Previous 
reports have discussed the PCV subtypes and categorized 
PCV as polypoidal CNV and PCV in the narrow sense (also 
referred to as typical PCV).[28‑30] In our clinical practice, we 
classified PCV patients into two different types. In this study, 
we postulated that the PCV vascular subtypes observed during 
the initial clinical examinations are independently associated 
with the long‑term clinical outcomes. We compared patient 
outcomes between two different angiographic PCV subtypes 
following conbercept therapy.

Methods

Patients
We performed a retrospective institution‑based study of 
58 eyes of 58 consecutive treatment‑naive patients who 
presented with symptomatic PCV between July 2013 and 

July 2014 at the Department of Ophthalmology in the Peking 
University People’s Hospital.

All cases with PCV underwent fluorescein angiography (FA), 
optic coherence tomography (OCT), and indocyanine 
green angiograms with HRA2 (Heidelberg Engineering, 
Heidelberg, Germany). The diagnosis of PCV was based 
on indocyanine green angiography (ICGA) results, 
which showed a branching vascular network (BVN) that 
terminated in aneurysmal enlargements, that is, polypoidal 
lesions.[5,31] Exclusion criteria included patients with 
concomitant ocular disease, such as uveitis or proliferative 
diabetic retinopathy, or those receiving other treatments, 
such as PDT, laser, and intraocular surgery, within 
3 months before the first intravitreal conbercept (IVC) 
treatment or during the 1‑year treatment period. Patients 
were not offered IVC treatment if they had uncontrolled 
hypertension, recent myocardial infarction, or cerebral 
vascular accident.[20]

This study was approved by the Ethics Committee for Human 
Research of Peking University People’s Hospital and adhered 
to the tenets of the Declaration of Helsinki. Written informed 
consent was obtained from patients before treatment.

Polypoidal choroidal vasculopathy classification
We devised a classification system based on previous 
research which divided PCV into two types.[29,30,32] In the first 
type, both feeder and draining vessels are visible on ICGA, 
and network vessels are numerous. In the second group, 
neither the feeder nor the draining vessels are detectable, and 
the number of network vessels is small [Figure 1a and 1b].

Intervention
Patients received monthly intravitreal injections of 0.5 mg 
of conbercept for 3 months. After the initial treatment, 
repeat treatment was applied as needed for 1 year, 
followed the PrONTO study,[33] which included a 0.1‑unit 
decrease of logMAR in the presence of fluid at the macula 
detected by OCT, >100‑µm increase in central retinal 
thickness (CRT), new‑onset classic CNV, new macular 
hemorrhage, persistent macular fluid detected by OCT, and 
active leakage on FA.

Figure 1: Two different angiographic subtypes of PCV. (a) Type 1 PCV 
both feeder and draining vessels were observed in the early phase 
of indocyanine green angiography. (b) Type 2 PCV neither feeder nor 
draining vessels were visible in the early phase of indocyanine green 
angiography. PCV: Polypoidal choroidal vasculopathy.
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Main outcome measures
Each patient underwent a comprehensive ophthalmic 
examination, including BCVA letter score with the Early 
Treatment Diabetic Retinopathy Study (ETDRS) chart (4 m), 
slit‑lamp biomicroscopy of the anterior segment, and dilated 
ophthalmoscopy examination of the posterior pole at each 
of the scheduled visits from the baseline until the final 
follow‑up examination at 12 months. FA, OCT, and ICGA 
were performed at baseline and at 3, 6, 9, and 12 months. OCT 
and fundus examinations were performed at 1, 2, 4, 5, 7, 8, 
10, and 11 months. All patients underwent OCT examination 
with vertical and horizontal cross‑sections centered on the 
fovea. Efficacy assessments included polyp regression, 
OCT‑measured CRT, SRF thickness, retinal pigmented 
epithelial detachment (PED) height, and visual acuity changes. 
The areas of individual polyps were calculated. The polyp area 
was measured by the investigator according to the guidance 
provided by the CRC in the CRC manual. The investigator 
measured the area of the best‑fit circles around all individual 
polyps excluding the hypofluorescent halo. The areas of 
individual polyps were summed, thereby deriving the total 
polyp area. CRT was defined as the mean retinal thickness 
within the 1 mm diameter circle centered at fovea. CRT was 
also obtained from the computational software output.

Statistical analysis
All efficacy variables were analyzed using the full analysis 
dataset using the last observation carried forward method. 
The differences in the polyp areas between baseline and 3, 
6, 9, and 12 months and the mean changes in BCVA from 
baseline to each visit were analyzed using the paired Student’s 
t-test with 95% confidence intervals. The Chi‑square test or 
Fisher’s exact test was used for the proportion of patients who 
gained more than 15 letters and lost at least 15 letters. Other 
secondary end points, as well as demographic data at baseline, 
were evaluated using summary statistics. All statistical 
tests were two‑sided. P < 0.05 was considered statistically 
significant. All the above analyses were performed using 
SPSS software version 22.0 (SPSS Inc., USA).

Results

All patients completed a 12‑month treatment with IVC in 
our hospital and qualified for the study criteria. The details 
are listed in Table 1. The mean age of the 58 patients was 
65.9 ± 9.4 years (range, 53.0–76.0 years). Gender distribution 
was 35 men (60.3%) and 23 women (39.7%). Furthermore, 
the average number of injections was 9.6 ± 3.0.

Polypoidal choroidal vasculopathy vascular subtypes
Using the classification system, 35 patients (56.5%) 
were Type 1 and 23 (43.5%) were Type 2. There were no 
significant differences between the two PCV subtypes in 
terms of gender or laterality [Table 1].

Evaluation of total clinical outcomes
Serial changes in mean BCVA, CRT, SRF, and PED changes 
over 12 months of treatment during the study are displayed 
in Table 2 and Figure 2.

The mean BCVA of these 58 eyes was 50.18 ± 13.67 letters 
at baseline, 55.73 ± 14.81 letters (t = 3.27, P = 0.03) at 
month 3, 62.86 ± 14.81 letters (t = 6.71, P < 0.01) at 6, 
64.45 ± 17.93 letters (t = 5.87, P < 0.01) at 9, and 64.41 ± 17.34 
letters (t = 7.83, P < 0.01) at 12 months [Figure 2a]. 
CRT decreased from 397.96 ± 157.25 µm in the 58 eyes 
examined at baseline to 324.28 ± 136.89 µm (t = 9.33, 
P < 0.01) at month 3, 294.33 ± 119.44 µm (t = 9.31, 
P < 0.01) at 6, 285.09 ± 97.05 µm (t = 11.23, P < 0.01) 
at 9, and 272.19 ± 87.78 µm (t = 10.32, P < 0.01) at 
12 months [Figure 2b]. SRF thickness involving the 
fovea decreased from 123.38 ± 119.84 µm in the 48 eyes 
examined at baseline to 53.30 ± 88.58 µm (t = 12.73, 
P < 0.01) at month 3, 23.91 ± 58.17 µm (t = 11.52, P < 0.01) 
at 6, 27.67 ± 64.72 µm (t = 6.63, P < 0.01) at 9, and 
19.30 ± 43.18 (t = 8.15, P < 0.01) at month 12 [Figure 2c]. Four 
eyes showed SRF at every follow‑up point despite additional 
IVC. Thus, there were only four nonresponders to conbercept 
in terms of SRD. RPED was observed in 33 eyes (56.9%) 
at baseline and 20 eyes (34.5%) at month 12. PED height 
involving the fovea decreased from 187.09 ± 190.56 µm in the 
48 eyes examined at baseline to 170.56 ± 183.58 µm (t = 9.89, 
P = 0.67) at month 3, 164.53 ± 176.36 µm (t = 10.89, P = 0.56) 
at 6, 112.44 ± 200.47 µm (t = 11.23, P = 0.07) at 9, and 
93.60 ± 166.26 (t = 13.23, P < 0.01) at 12 months [Figure 2d]. 
Specifically, PED disappeared in 13 eyes, was reduced in 8, 
and remained unchanged in 6, while showing enlargement 
in 6 eyes. Moreover, at month 12, among them, 30 (51.7%) 
patients had complete regression of polyps, 8 (13.8%) 
patients had partial regression, and 20 (34.5%) patients had 
increased (recurrent or new onset) polyps.

Evaluation of clinical outcomes of subtypes
The clinical parameters of Type 1 PCV and Type 2 PCV 
are listed in Table 3. The improvement in BCVA was more 
prominent at all months in the Type 2 PCV group, and 
the Type 2 PCV group achieved a significantly greater 
improvement in their mean BCVA than the Type 1 PCV 
group found from month 6 to month 12 after the initial 
injection [t = 2.37, P < 0.01; Figure 3a]. Moreover, 
improvements in BCVA with conbercept treatment were 
associated with a decrease in CRT measured with OCT 
imaging. The CRT decrease observed at month 3 continued to 

Table 1: Comparison of basic characteristics between 
the two PCV subgroups

Items Type 1 Type 2 All cases Statistics P
Gender (n)

Male 22 13 35 2.61* >0.05
Female 13 10 23

Age (years), 
mean ± SD 
(range)

66.5 ± 8.7 
(58.0–
76.0)

63.9 ± 9.6 
(53.0–
70.0)

65.9 ± 9.4 
(53.0–
76.0)

3.62† >0.05

Eye (n)
Right 15 16 31 1.78* >0.05
Left 12 15 27

*: χ2 value; †: t value. PCV: Polypoidal choroidal vasculopathy; SD: 
Standard deviation.
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decrease through month 12 in two groups. The CRT decrease 
was numerically greater in Type 2 (120.44 ± 73.81 µm) 
compared with that in Type 1 (106.48 ± 72.33 µm) at month 

6 (t = 4.31, P < 0.01), and greater in Type 2 (130.21 ± 76.28 
µm) compared with that in Type 1 (111.67 ± 79.57 µm) 
at month 9 [t = 1.87, P < 0.01; Figure 3b]. There was 

Table 2: Mean BCVA, CRT, SRF, and PED over 12 months of treatment with intravitreal conbercept for PCV (n = 58)

Items Baseline Month 3 Month 6 Month 9 Month 12
BCVA (letters), mean ± SD 50.18 ± 13.67 55.73 ± 14.81 62.86 ± 15.16 64.45 ± 17.93 64.41 ± 17.34
CRT (µm), mean ± SD 397.96 ± 157.25 324.28 ± 136.89 294.33 ± 119.44 285.09 ± 97.05 272.19 ± 87.78
SRF (µm), mean ± SD 123.38 ± 119.84 53.30 ± 88.58 23.91 ± 58.17 27.67 ± 64.72 19.30 ± 43.18
PED (µm), mean ± SD 187.09 ± 190.56 170.56 ± 183.58 164.53 ± 176.36 112.44 ± 200.47 93.60 ± 166.26
Resolution of polyps (%) 0 46.6 56.9 60.3 65.5
PCV: Polypoidal choroidal vasculopathy; SD: Standard deviation; BCVA: Best‑corrected visual acuity; CRT: Central retinal thickness; SRF: Subretinal 
fluid; PED: Pigmented epithelial detachment.

Table 3: Visual acuity, CRT, SRF, and PED changes in the two subtypes over 12 months of treatment with intravitreal 
conbercept for PCV, 35 eyes in Type 1 and 23 in Type 2

Items Type Month 3 Month 6 Month 9 Month 12
BCVA (letters), mean ± SD 1 4.24 ± 3.62 11.48 ± 7.31 13.34 ± 8.11 14.10 ± 9.07

2 5.13 ± 3.57 13.50 ± 8.42 16.08 ± 8.72 15.92 ± 9.76
CRT (µm), mean ± SD 1 68.07 ± 55.43 106.48 ± 72.33 111.67 ± 79.57 122.52 ± 83.73

2 83.91 ± 64.55 120.44 ± 73.81 130.21 ± 76.28 121.23 ± 80.36
SRF (µm), mean ± SD 1 75.12 ± 66.21 81.74 ± 67.72 71.62 ± 68.69 83.79 ± 68.33

2 68.27 ± 65.44 75.09 ± 64.17 71.79 ± 63.21 77.03 ± 65.08
PED (µm), mean ± SD 1 50.50 ± 43.87 60.59 ± 48.25 74.50 ± 55.43 61.20 ± 56.53

2 59.81 ± 50.47 69.81 ± 54.88 84.57 ± 59.72 70.03 ± 58.49
Resolution of polyps (%) 1 45.7 51.4 57.1 62.7

2 47.8 60.9 60.9 65.2
PCV: Polypoidal choroidal vasculopathy; SD: Standard deviation; BCVA: Best‑corrected visual acuity; CRT: Central retinal thickness; SRF: Subretinal 
fluid; PED: Pigmented epithelial detachment.

Figure 2: Mean BCVA (a), CRT (b), SRF (c), and PED (d) over 12 months of 58 eyes with PCV. Error bars: ± standard error of means. *P < 0.05 
compared with baseline. PCV: Polypoidal choroidal vasculopathy; BCVA: Best‑corrected visual acuity; CRT: Central retinal thickness; SRF: Subretinal 
fluid; PED: Pigmented epithelial detachment.
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no significant difference between the two groups for the 
decrease in SRF thickness and PED height from month 3 to 
12 [t = 2.97, P > 0.05; Figure 3c and 3d]. Moreover, there 
was no significant difference between the two groups for 
regression of polyps.

Complications
None of the patients experienced systemic complications 
related to IVC. Ocular complications, including uveitis, 
increased intraocular pressure, cataract progression, 
endophthalmitis, ocular toxicity, and retinal break or 
detachment, were not observed.

dIscussIon

IVC effectively improves macular exudative reactions and 
vision for PCV during 1‑year period. This phenomenon has 
been found by several studies.[19,22,34‑41] Lai et al.[34] reported the 
efficacy of intravitreal bevacizumab therapy for PCV. After 
intravitreal bevacizumab therapy for 3 months, vision and 
CRT significantly improved, but persistent polypoidal lesions 
were still present in ICGA of all the treated eyes. Yamashiro 
et al.[36] investigated ranibizumab monthly monotherapy, and 
the mean BCVA increased by 9.2 ± 12.4 letters during the 

6 months follow‑up. Using ranibizumab (as‑needed) therapy, 
Marcus et al.[38] reported that the mean BCVA increased 
from baseline by 1.2 Snellen lines at 12 and 24 months. 
The mean CRT decreased by 53 and 67 μm from baseline 
at 12 months and 24 months, respectively.[37] In our study, 
we evaluated a novel anti‑VEGF agent that is structurally 
similar to aflibercept but with a higher affinity for all VEGF‑A 
isoforms. The mean improvement in BCVA from baseline 
was 12.3 ± 12.7 letters. This improvement corresponded 
with significant decreases in the mean CRT, SRF, and PED. 
Moreover, despite the reported significant visual improvement 
and reduction in foveal thickness after the intravitreal 
injection of ranibizumab or bevacizumab, only 0–40% of 
patients presented with complete polyp regression.[19,34‑36,40] 
Ijiri et al.[42] evaluated the short‑term efficacy of aflibercept 
monotherapy for patients with treatment‑naïve PCV. The 
polyps disappeared completely in 48% of patients, and the 
polyp size decreased in 27% of patients by month 3. In our 
study, at month 3, the complete and partial polyp regression 
rates were 46.55% and 13.79%, respectively. By 12 months, 
Koh et al.[22] reported a polyp regression rate of 24.2% in the 
bevacizumab group and 23.3% in the ranibizumab group 
after receiving 3 monthly injections followed by as‑needed 

Figure 3: Mean BCVA (a), CRT (b), SRF (c), and PED (d) changes between two PCV subgroups over 12 months, *P < 0.05. PCV: Polypoidal 
choroidal vasculopathy; BCVA: Best‑corrected visual acuity; CRT: Central retinal thickness; SRF: Subretinal fluid; PED: Pigmented epithelial detachment.
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injections of ranibizumab or bevacizumab. In our study, the 
complete and partial polyp regression rates were 51.72% and 
13.79%, respectively. Therefore, conbercept is as or possibly 
more effective than bevacizumab or ranibizumab regarding 
polyp regression rates.

The reason for the discrepant responses between the macular 
exudative changes and polypoidal lesions to intravitreal 
anti‑VEGF agents remains uncertain. In addition to the 
penetration extent of the anti‑VEGF agents, the responses may 
be related to disease pathogenesis (macular exudative process 
compared to growth of the polypoidal lesions). Different 
clinical PCV subtypes with different clinical patterns and 
prognoses may also exist. As far as we know, a few authors 
have attempted to classify PCV lesions, but they generally 
did not compare the long‑term clinical outcomes of different 
groups. Various studies have classified the polypoidal lesions 
based on the appearance of vascular patterns,[28,43] polyp 
configuration,[44‑46] location[46] or size,[45] or clinical features.[11]

In this study, Type 1 and Type 2 PCV (classified by the 
presence or absence of a clear BVN with polypoidal lesions) 
significantly differed regarding long‑term visual outcomes 
of conbercept therapy, which illustrates the usefulness of 
the classification system. The changes in the mean BCVA, 
CRT, SRF, and PED in patients with Type 2 PCV were 
more profound compared to patients with Type 1 PCV. 
These findings might be consistent with the results of Tan 
et al.[47] (Type 1 in our study may correspond to Types B 
and C, and Type 2 may correspond to Type A). Kawamura 
et al.,[30] according to spectral domain OCT, found that 
branching vessels network from feeder vessels may pass 
through ruptures in Bruch’s membrane, spread between the 
RPE and Bruch’s membrane, become deformed polypoidal 
vessels in Type 1 PCV, which represents the characteristics 
of CNV beneath the RPE. Costa et al.[48] thought that PCV 
lesions are a variety of CNV. Histopathological studies have 
found a choroidal arteriole and vein expanding through 
the break in Bruch’s membrane as CNV associated with 
AMD.[49,50] In contrast, abnormally dilated vessels were 
found beneath Bruch’s membrane in Type 2 (with no 
break in Bruch’s membrane), which represents choroidal 
vasculature abnormalities. According to histopathological 
studies,[28,29,51] abnormally dilated vessels may push the RPE 
upward because of the increasing intravascular pressure for 
dilated vessels and exudation from these vessels within the 
choroid. Thus, the differential responses between the two 
types were due to different disease mechanisms, which show 
the usefulness of the classification system. Therefore, this 
classification system should be applied to future clinical 
studies. By classifying PCV, the patient can be counseled 
more accurately on his visual prognosis, and the presence 
of a more severe PCV subtype would alert the clinician to 
the need for a more stringent follow‑up.

This study was limited by the retrospective design, and 
the results should be confirmed with a prospective study 
with strict definitions for patient enrollment. Nonetheless, 

the angiographic PCV subtypes affected the outcome of 
conbercept therapy, and this information might be useful to 
establish personalized medicine for PCV patients in the future.
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