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Purpose: To determine the levels of interleukin (IL)-6, vascular endothelial growth factor-A, 

platelet-derived growth factor, placental growth factor (PLGF), and other cytokines in the 

aqueous fluid of patients with neovascular age-related macular degeneration who respond 

poorly to ranibizumab.

Patients and methods: This is an observational, prospective study. Thirty-two eyes from 

30 patients were included in the study: 11 patients who responded poorly to ranibizumab and 

were switched to aflibercept (AF group), 8 patients who received ranibizumab and photody-

namic therapy (PDT group), and 13 patients who responded to ranibizumab (control group). 

Aqueous fluid samples were collected for analysis of cytokine levels at baseline and after 1, 2, 

and 3 months of treatment. The effect of treatment on cytokine levels was compared between the 

study groups and between different time points using a linear mixed-effect regression model.

Results: In the AF group, there was an increase in vascular endothelial growth factor-C, IL-7, 

and angiopoeitin-2 levels (P=0.01) and a decrease in intercellular adhesion molecule and IL-17 

levels (P=0.01) between baseline and 3 months. After adjustment for age, sex, race, and type of 

lesion at baseline, the PLGF level was higher (P=0.02) and the IL-7 level was lower (P=0.04) 

in the ranibizumab non-responder group than in the ranibizumab responder group.

Conclusion: Switching from ranibizumab to aflibercept did not reduce intraocular levels of 

angiogenesis cytokines, but resulted in improvement of central subfield thickness. PLGF levels 

were higher in poor responders to ranibizumab. The response of lesions to medication might 

be related to the stage of choroidal neovascularization.

Trial registration: www.ClinicalTrial.gov (NCT02218177c).

Keywords: neovascular age-related macular degeneration, choroidal neovascularization, 

anti-VEGF non-responder, poor responder, ranibizumab and AMD

Introduction
Wet age-related macular degeneration (AMD) is one of the leading causes of blindness 

in adults and its pathogenesis is characterized by choroidal neovascularization (CNV).1,2 

Ranibizumab (Lucentis®; Genentech Inc./Novartis, San Francisco, CA, USA) has 

been approved for the treatment of AMD since 2006. It is a recombinant, humanized, 

monoclonal antibody antigen-binding fragment that inhibits active forms of vascular 

endothelial growth factor (VEGF)-A isoform and was shown to improve mean visual 

acuity (VA) in eyes with neovascular AMD in the MARINA and ANCHOR studies.3–5 

Since then, ranibizumab has become one of the current standards for treatment of 

CNV secondary to AMD.
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Intraocular growth factors and cytokines, such as VEGF, 

pigment epithelium-derived factor, and interleukin (IL)-6, 

have been found to play an important role in the develop-

ment of CNV. VEGF and pigment epithelium-derived factor 

have been reported to be increased in patients with CNV 

secondary to AMD; reduction of these cytokines is corre-

lated with anatomic improvement in the macula.6–8 IL-6 is 

a proinflammatory cytokine that was found to be increased 

in the serum and aqueous humor of patients with neovas-

cular AMD.9 Placental growth factor (PLGF) is a member 

of the VEGF family, which has been found to be induced 

during the early stages of angiogenesis in vivo and in vitro. 

Aflibercept (VEGF Trap; Bayer AG, Leverkusen, Germany; 

Regeneron, Tarrytown, NY, USA) is a recombinant soluble 

VEGF receptor protein that has a high affinity for all VEGF 

isoforms and for PLGF.10 The VIEW 1 and VIEW 2 studies 

showed non-inferiority and clinical equivalence of afliber-

cept to monthly ranibizumab in the treatment of wet AMD,11 

with an average of five fewer injections at 96 weeks of 

treatment.12 Aflibercept has been reported to be a treatment 

option for patients who are refractory to ranibizumab and 

bevacizumab.13–16

Historically, photodynamic therapy (PDT) with 

verteporfin (Visudyne; Novartis International AG, Basel, 

Switzerland) was the standard treatment for neovascular 

AMD before the approval of anti-VEGF.17 The VIP study 

reported that PDT significantly reduced the risk of moderate 

and severe visual loss in classic CNV and recommended PDT 

for patients with AMD and subfoveal lesions.18 Combination 

therapy of PDT and ranibizumab improved VA, reduced 

central retinal thickness, and decreased CNV leakage on 

fluorescein angiography.19–21 This combination treatment has 

also been used as a rescue therapy in patients with AMD who 

fail anti-VEGF monotherapy.22

Approximately 1%–10% of patients with CNV secondary 

to AMD have a poor response to ranibizumab.23,24 The 

mechanisms of resistance to intravitreal ranibizumab can be 

categorized as non-response, development of tolerance, or 

tachyphylaxis. Poor response to treatment with intravitreal 

ranibizumab can also stem from misdiagnosis of the disease 

or its complications, such as tears of the retinal pigment 

epithelium, retinal detachment, and macular scarring. Changes 

in the choroidal neovascular membrane, such as increased 

fibrosis, changes in the type of CNV lesion, chronic changes 

in vessel permeability, and changes in the photoreceptors 

and retinal pigment epithelium are possible mechanisms for 

a reduced drug response in AMD.24 Moreover, increased 

expression of VEGF because of increased number of 

macrophages in CNV25 or change in signal transduction, 

such as polymorphism of the VEGF receptor (VEGF2/

KDR) gene, has been reported to influence the response of 

neovascular AMD to treatment with ranibizumab.26

The objective of this study was to determine the levels 

of IL-6, VEGF, PLGF, and other cytokines in the aqueous 

humor of patients with AMD who are resistant or poor 

responders to treatment with ranibizumab.

Patients and methods
This prospective study was conducted at the Toronto 

Western Hospital, University Health Network, Toronto, 

ON, Canada, according to the tenets of the Declaration of 

Helsinki. The study protocol was approved by the University 

Health Network Research Ethics Board (approval number 

13-6849-AE). The study was also registered on www.

ClinicalTrial.gov (NCT02218177c). Written informed consent 

was obtained from all patients who participated in the study.

Inclusion/exclusion criteria
Patients were included in the study if they had a diagnosis 

of neovascular AMD, were over the age of 50 years, had 

previously been treated with ranibizumab, and could be 

classified as responders or poor responders.

Poor responders were defined as patients who received 

ranibizumab and had one or more of the following clinical 

features after at least six consecutive monthly 0.05 mg/ 

0.05 mL ranibizumab injections:

•	 Increased central subfield thickness (CST) or persistent 

intraretinal/subretinal fluid documented by spectral-

domain optical coherence tomography (OCT)

•	 Evidence of persistent leakage on fluorescein angio

graphy

•	 Worsening of best-corrected VA of more than 5 Early 

Treatment Diabetic Retinopathy Study letters.

Responders were defined as patients who were treated 

with monthly ranibizumab with at least three consecu-

tive 0.05 mg/0.05 mL ranibizumab injections and had the 

following:

•	 An increase or maintenance of VA during follow-up; 

evidence of improvement in CST or a reduction in 

intraretinal/subretinal fluid on spectral-domain OCT

•	 No improvement in VA, but otherwise remaining stable 

or losing not more than 5 Early Treatment Diabetic 

Retinopathy Study letters with evidence of improvement 

in CST or a reduction in intraretinal/subretinal fluid on 

spectral-domain OCT

•	 Improved leakage on fluorescein angiography.

Patients were excluded if they were uncooperative with 

intravitreal treatment, had received PDT treatment in the 
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previous 6 months, had clinically active ocular inflamma-

tion, had received ocular treatment with an immunosuppres-

sive agent within the previous 3 months, or were currently 

receiving systemic anti-VEGF medication or immunosup-

pressive agents.

Study groups
There were three treatment groups in the study. The first group 

consisted of poor responders to ranibizumab who switched 

to a combination of ranibizumab and PDT (PDT group; 

Supplementary material). An aqueous tap was performed 

before injection of dexamethasone and before the second, 

third, and fourth ranibizumab injections. The second group 

consisted of non-responders to ranibizumab who switched to 

monthly intravitreal aflibercept (AF group). Aqueous samples 

were collected by anterior chamber paracentesis before each 

injection of aflibercept. The third group consisted of controls 

who were classified as ranibizumab responder. The responder 

group was treated with a treat-and-extend protocol. Samples 

of aqueous humor were taken before each intravitreal ranibi-

zumab injection at the baseline visit (after enrollment) and at 

visits 1, 2, and 3 months later. The aqueous sampling methods 

are shown in Supplementary material.

Cytokine assays
The analysis was done at the Princess Margaret Genomics 

Center, Toronto, ON, Canada. Inflammatory cytokines 

were analyzed using Luminex xMAP technology (Bio-Rad 

Laboratories Inc., Hercules, CA, USA) with Milliplex® 

MAP Human cytokine/Angiogenesis/Growth factor and a 

Cardiovascular Magnetic Bead Panel Immunology Multiplex 

assay (EMD Millipore, Billerica, MA, USA). The cytokines 

analyzed included IL-1A, IL-1B, IL-2, IL-3, IL-4, IL-5, 

IL-6, IL-7, IL-8, IL-9, IL-10, IL12p40, IL12p70, IL-13, 

IL-17A, platelet-derived growth factor-AA, tumor necrosis 

factor alpha (TNF-α), TNF-β, monocyte chemoattractant 

protein (MCP)-1, MCP-3, intercellular adhesion molecule 

(ICAM)-1, PLGF, VEGF-A, VEGF-C, VEGF-D, angio-

poeitin-2, bone morphogenetic protein-9, epidermal growth 

factor (EGF), endothelin, fibroblast growth factor (FGF)-1, 

FGF-2, follistatin, granulocyte colony-stimulating factor, 

heparin-binding EGF-like growth factor, hepatocyte growth 

factor (HGF), and leptin.

Estimation of limits of detection
Several of the cytokines had lower limits of detection (LODs). 

A literature search identified a number of simple methods 

that involve replacing the missing LOD data with constants, 

such as structural zeros (cytokine absent) or LOD/2 2.  

However, imputation of values exceeding the LODs (in our 

case, lower than the lower LOD) is likely to result in artifi-

cially reduced SDs and increase the chance of type one error. 

Therefore, we developed an approach to estimate the values 

censored by the LODs that uses gamma distributions, the 

parameters (shape and scale) of which were estimated based 

on data at hand27 (values above the lower LOD), and then 

using Monte Carlo simulation28 to sample values that were 

lower than the lower LOD. Figure 1 illustrates this process 

for the VEGF-C cytokine. The gray region on the histogram 

of VEGF-C represents values below the LOD. By sampling 

the gamma distribution in this range, a more realistic sample 

of VEGF-C values below the LOD can be obtained.

Statistical analysis
The baseline data are shown as the mean and SD for 

continuous variables and as the count and percentage for 

categorical variables. Before formal modeling of each 

cytokine, we used propensity score adjustment of the base-

line characteristics in an attempt to balance potentially con-

founding effects between the control, PDT, and AF groups. 

Given that there were three study groups, we could not use 

a standard approach for propensity score adjustment and 

instead used the propensity score adjustment method devised 

by McCaffrey et al.29 This method uses boosted logistic 

regression to generate propensity scores across three or 

more groups. After obtaining propensity scores, within- and 

between-subject effects were modeled using linear mixed-

effect regression. Finally, we investigated the potential util-

ity of levels of the cytokines of interest to identify patients 

Figure 1 Histogram of gamma distribution range and prediction values below 
LOD of VEGF-C.
Abbreviations: LOD, limit of detection; VEGF, vascular endothelial growth factor.
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who are not responding to therapy. First, we used a random 

forests feature selection process to identify the best subset 

of cytokines for discriminating between responders and poor 

responders. The analysis was performed using the R statisti-

cal package (version 3.2.4, R: A language and environment 

for statistical computing, 2016; R Foundation for Statistical 

Computing, Vienna, Austria), propensity score adjustment 

was performed using the R library twang,30 and variable 

selection was performed using the R library varSelRF.31 

A P-value of 0.05 was considered statistically significant.

Results
Thirty-two eyes from 30 patients were included in the study 

from June 2014 to October 2015. The control group, combina-

tion ranibizumab/PDT group, and AF group contained 13, 8, 

and 11 eyes, respectively. The baseline demographic data are 

shown in Table 1. One Asian patient in the AF group was 

diagnosed with polypoidal choroidal vasculopathy that was 

confirmed on indocyanine green angiography.

Thirty-seven cytokines was analyzed, of which only PLGF, 

VEGF-A, VEGF-C, angiopoeitin-2, EGF, endothelin-1, 

follistatin, granulocyte colony-stimulating factor, heparin-

binding EGF-like growth factor, HGF, leptin, ICAM-1, IL-3, 

IL-6, IL-7, IL-8, IL-17, MCP-1, TNF-α, and platelet-derived 

growth factor were included in the statistical analysis and 

interpretation; the other cytokines could not be interpreted 

because of their extremely low LOD. Mean cytokine levels 

at baseline are shown in Table S1.

The mean changes in aqueous cytokine levels from 

baseline to month 3 in the control group, PDT group, and 

AF group are shown in Table 2.

Clinical responses to switching treatment
The VA in each visit is shown in Table 3. In the control group, 

the mean improvement in VA from baseline to month 2 was 

0.15 logMAR (P=0.02, 95% CI 0.01–0.29) and from base-

line to month 3 was 0.14 logMAR (95% CI 0.01–0.28). The 

mean improvement in VA from baseline to month 3 was 0.01 

logMAR (95% CI -0.24 to 0.21) and 0.03 logMAR (95% 

CI -0.24 to 0.17) in the PDT/ranibizumab group and afliber-

cept group, respectively. There was no statistically significant 

reduction in CST from baseline to month 3 in the control 

group (-2.36 µm; 95% CI -43.49 to 38.75) or in the afliber-

cept group (-43.4 µm, 95% CI -104.4 to 17.5). There was 

a significant mean change in CST from baseline to month 3 

in the PDT group of -77.5 µm (95% CI -148 to -7.0). After 

adding PDT to ranibizumab, six of eight patients (75%) in 

the PDT group showed stabilization or improvement in AMD 

activity, while two patients showed persistence of subretinal 

fluid and a reduction in VA from baseline to month 3 (0.45 

and 0.16 logMAR), but no new hemorrhage or signs of new 

choroidal neovascular membrane (CNVM). In the aflibercept 

group, eight of eleven patients (72%) showed stabilization 

and improvement of VA and anatomic outcomes from base-

line to month 3. Three patients showed a reduction in VA 

(0.12, 0.16, and 0.1 logMAR), but a nonsignificant reduction 

of CST of 269 µm at month 2 (no OCT data were available 

at month 3) and 53 and 0.9 µm at month 3. None of these 

patients showed an increase in CST. One patient showed a 

marked reduction in CST (–266 µm) with improvement of 

VA of 0.3 logMAR after three injections.

Responders vs poor responders
After adjustment for age, sex, race, and type of lesion at 

the baseline visit, the PLGF level was higher in the non-

responder group than in the responder group, with a mean 

difference of 474.30 pg/dL (95% CI 54.11–894.4, P=0.02). 

In contrast, the IL-7 level was lower in the non-responder 

group, with a mean difference of 0.8 pg/dL (95% CI −1.58 

to -0.03, P=0.04). There was no statistically significant 

Table 1 Baseline demographic data

Total 
(n=32)

Control 
(n=13)

PDT+ranibizumab 
(n=8)

Aflibercept 
(n=11)

Age (years) 79.79 79.99 77.63 77.93
Sex, male (%) 19 (59) 8 (61.5) 5 (62.5) 6 (54.5)
Ethnicity

Caucasian (%) 13 (41) 4 (31) 4 (50) 5 (45)
Asian (%) 19 (59) 9 (69) 4 (50) 6 (55)

Type of AMD
Occult (%) 21 (65.7) 8 (61.5) 4 (50) 9 (81.8)
Minimally classic (%) 4 (11.4) 0 2 (25) 2 (18.2)
Predominantly classic (%) 7 (21.9) 5 (28.5) 2 (25) 0
Baseline BCVA (logMar) 0.79 0.87 0.78 0.83
Baseline CST (µm) 287.75 232.46 335.75 318.18

Abbreviations: AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; CST, central subfield thickness; PDT, photodynamic therapy.
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difference in the levels of the other cytokines between the 

responder group and the non-responder group.

Discussion
In this study, we found that levels of PLGF were significantly 

higher in patients who responded poorly to ranibizumab than 

in those who responded to ranibizumab. PLGF levels were 

also lower than the levels in the group that received PDT 

and AF. PLGF, flt-1, and the VEGFR-1 receptor have been 

found to be expressed on the human neovascular membrane. 

PLGF mRNA expression is also upregulated during devel-

opment of CNV.32 Neutralization of the PLGF receptor can 

reduce the formation of CNV.32 Ranibizumab is an affinity-

matured antigen-binding fragment (Fab) with high affinity 

for VEGF-A and neutralizes all human VEGF-A isoforms, 

except for PLGF.33,34 Our finding of an increase in the PLGF 

level in patients who did not respond to ranibizumab mono-

therapy is consistent with the evidence of multiple cytokines 

being involved in the development of CNV.

The current study also found that the levels of VEGF-A 

and PLGF, which play an important role in angiogenesis, 

were reduced after switching treatment to a combination of 

PDT and AF, albeit not significantly so. The present find-

ings are consistent with the previous report of an additional 

effect of anti-PLGF in the reduction of subfoveal thickness 

on OCT and fluid activity after switching treatment from 

ranibizumab/bevacizumab to aflibercept in persistent fluid 

of exudative AMD.13,14 However, similar to other studies, the 

VA did not improve after switching treatment. In this study, 

there was a reduction of CST in the AF group, but this was 

not statistically significant. There was also no significant 

change in VA in three patients in the AF group, despite 

Table 2 Mean changes in cytokines levels (pg/dL) from baseline to visit 3

Cytokine Control PDT AF

Mean 
change

L95 U95 P-value Mean 
change

L95 U95 P-value Mean 
change

L95 U95 P-value

PLGF 0.65 -2.42 3.73 0.67 -1.43 -5.86 2.98 0.52 -1.06 -4.98 2.85 0.59
VEGF-A -41.06 -227.48 145.34 0.66 -173.05 -440.48 94.36 0.20 -72.6 -72.60 -309.80 0.55
VEGF-C -8.17 -27.4 11.04 0.2 -2.6 -31.37 26.12 0.4 27.76 2.83 52.69 0.01*
Angiopoeitin-2 -26.53 -8.79 25.71 0.16 49.66 -28.47 127.81 0.1 76.76 8.99 144.5 0.01*
EGF 1.5 0.03 3.09 0.02* -0.54 -2.82 1.73 0.32 -1.11 -3.09 0.86 0.13
Endothelin-1 -6.7 -13.12 -0.32 0.02* 7.98 -1.57 17.55 0.052 0.27 -6.01 10.57 0.29
Follistatin 6.6 -44.99 31.78 0.3 19.04 -38.36 76.46 0.25 7.95 -41.82 57.73 0.37
G-CSF -41.84 -92.5 9.81 0.06 34.01 -36.56 104.58 0.17 -9.09 -87.07 67.25 0.4
HBEGF 0.27 -0.55 1.1 0.25 -0.26 -1.5 0.98 0.34 0.65 -0.42 1.73 0.11
HGF -126.71 -445.8 192.36 0.21 18.56 -348.52 605.66 0.29 476.31 62.5 890.12 0.01*
Leptin 159.53 -138.39 457.47 0.14 -451.12 -896.73 -5.5 0.02* -63.6 -449.98 322.77 0.37
ICAM 1,532.74 -11,935.9 15,001.39 0.41 -4,664.07 -24,128.8 14,800.66 0.31 -18,910.5 -36,558 -1,288.68 0.01*
IL-3 0.05 -7.22 7.33 0.49 5.69 -5.19 16.57 0.15 1.68 -7.75 11.12 0.36
IL-6 10.78 -170.33 191.9 0.45 -319.73 -589.22 -50.25 0.01* -35.7 -270.59 199.18 0.38
IL-7 -0.23 -0.73 0.25 0.17 0.23 -0.5 0.98 0.26 0.69 0.04 1.33 0.01*
IL-8 -1.6 -4.92 1.71 0.17 -0.07 -5.03 4.88 0.48 5.39 1.08 9.69 ,0.01*
IL-17 0.19 -0.09 0.84 0.09 -0.32 -0.75 0.1 0.06 -0.41 -0.79 -0.04 0.01*
MCP-1 -194.13 -1,136.29 748.02 0.3 -1,219.17 -2,627.66 189.32 0.046 365.61 -856.25 1,587.47 0.2
TNF-α -0.05 -0.26 0.15 0.31 -0.03 -0.35 0.28 0.4 0.03 -0.24 0.38 0.4
PDGF-AA -4.15 -13.13 4.18 0.18 -10.4 -23.83 3.02 0.06 5.68 -5.96 17.33 0.17

Note: *Statistical significant is P,0.05.
Abbreviations: AF, aflibercept; EGF, epidermal growth factor; G-CSF, granulocyte-colony stimulating factor; HBEGF, heparin-binding EGF-like growth factor; 
HGF, hepatocyte growth factor; ICAM, intercellular adhesion molecule; IL, interleukin; MCP, monocyte chemoattractant protein; PDGF, platelet-derived growth factor; 
PDT, photodynamic therapy; PLGF, placental growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

Table 3 Mean visual acuity of patient in each study group

Visual acuity 
(logMar)

Baseline Visit 1 Visit 2 Visit 3

Mean Mean P-value* Mean P-value* Mean P-value*

Control group 0.92 0.84 0.23 0.77 0.03 0.78 0.04
PDT group 0.7 0.72 0.78 0.59 0.37 0.68 0.97
AF group 0.75 0.68 0.48 0.77 0.43 0.82 0.76

Note: *P-value determines the change from baseline.
Abbreviations: AF, aflibercept; PDT, photodynamic therapy.
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anatomic improvement; their VA was reduced. According to 

the Macular Photocoagulation Study Group, repeat measure-

ment of VA in patients with AMD and poor VA (,20/100) 

has low reliability when compared with that in patients with 

better VA. The reduction in VA despite anatomic improve-

ment in this study could reflect the large variation in VA 

measurements in poor vision patient.35 The chronicity of CNV 

activity has also been reported to result in a poor gain in VA 

despite successful anatomic treatment after switching from 

ranibizumab to aflibercept in refractory cases.36,37 Funk et al 

studied the change in aqueous VEGF of ranibizumab in AMD 

from baseline to 12 months follow-up; the level of VEGF 

was markedly reduced after the first treatment injection and 

was below the level of detection after repeated treatment.7 

In our study, the control group was treated with ranibizumab 

and demonstrated favorable response. The lower levels of 

VEGF and lower than LODs might also mask the change in 

aqueous VEGF in the control group.

In our study, IL-7 level was lower in the poor responder 

group. IL-7 stimulates the proliferation of B-cell progeni-

tors, mature T-cells, and thymocytes via the high-affinity 

hematopoietin receptor (IL-7R).38 IL-7 also has a role in the 

enhancement of homeostatic proliferation and prolonged 

survival of naïve T-cells,39 and inhibition of IL-7 is used in 

the treatment of patients with lymphopenia.40 IL-7 was found 

to support both T-cells and B-cells in exacerbating the non-T/

non-B-cell–mediated chronic inflammatory response.41 

Upregulation of ICAM-1 can also lead to development of 

CNV.42 The presence of surface expression levels of ICAM-1 

is associated with increased levels of IL-1 and IL-7.43 Fauser 

et al studied cytokine levels in the aqueous humor of eyes 

with naïve AMD that underwent cataract surgery or treat-

ment with ranibizumab and reported elevation of MCP-1 

and VCAM in the patients with neovascular AMD when 

compared with controls.44 IL-8 and MCP-1 have been found 

to promote angiogenesis via accumulation of macrophages 

that release angiogenic promoters and degrade Bruch’s 

membrane.45 Grossniklaus et al studied surgically excised 

subfoveal CNV specimens from an eye bank and found 

that VEGF tissue factor and MCP-1 expression levels were 

higher in specimens with “inflammatory active” CNV than 

in those with fibrotic “inflammatory inactive” CNV. The 

MCP-1 and VEGF are high during the active stage of CNV 

and minimal in fibrotic matured CNV.25 The reduction in IL-7 

in our non-responder group might reflect a fibrotic stage of 

CNV. In our study, the significant reduction of ICAM-1 in 

the AF group likely reflected the decreased activity of CNV 

after switching medication.

In this study, we found a significant decrease in leptin 

and IL-6 levels after PDT. This can be explained by the 

regression of CNV that occurs in response to PDT.46,47 Leptin 

has been found to regulate the tyrosine kinase-dependent 

intracellular pathway and to stimulate angiogenesis via the 

leptin receptor (Ob-R).48,49 Immunohistochemical analysis of 

CNV membrane tissue revealed leptin staining and absence of 

leptin staining in normal posterior segment tissue.50 IL-6 is a 

pleiotropic cytokine involved in the acute inflammatory phase 

of wound healing, fibrogenesis, angiogenesis, and is associ-

ated with CNV activity.51–53 Anti-VEGF monotherapy limits 

leakage and inhibits vessel growth without complete and 

sustained resolution of CNV. In the Focus54 and CLOVER55 

studies, the combination of therapy of ranibizumab and 

PDT improved VA, reduced angiogenesis, and extended 

the fluid-free interval. In our study, we also showed adding 

PDT to treatment in non-responders helped in the regression 

of CNV and in downregulation of the cytokines involved 

in angiogenesis.

In our study, VEGF-C, angiopoeitin-2, and HGF levels 

were elevated in the AF group. The angiopoeitin-2 in the 

CNV membrane stimulates the initial angiogenic response of 

blood vessels. Angiopoeitin-1 and angiopoeitin-2 were found 

to be promoters of the VEGF gene and to regulate expression 

of VEGF through the MAPK pathway. Hera et al reported 

that in 18 CNV membranes secondary from AMD showed 

low expression of VEGF-A and that expression of this 

cytokine correlated with the activity of CNV. HGF has been 

reported to be increased in retinopathy of prematurity56 and 

retinal detachment,57 and is induced by FGF-2.58 The possible 

role of HGF in angiogenesis via expression of urokinase has 

been studied in a mouse model.58 HGF has been identified as 

an angiogenic factor found in corneal wound healing, tear, 

aqueous humor, and vitreous humor and found to increase in 

proliferative diabetic retinopathy.59 Therefore, the elevation 

of HGF levels from baseline in the AF group in our study 

was likely related to the persistent activity of the CNV.

One strength of our study is its prospective design, 

whereby aqueous humor was collected at the time of the 

intraocular injections. Analysis of the results for cytokines 

involved in angiogenesis and inflammation will aid our 

understanding of the pathogenesis of neovascular AMD 

in patients who respond poorly to treatment. The find-

ing of elevated angiopoeitin-2 levels in non-responders 

in our AF group suggests a potential benefit from using 
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anti-angiopoietin medication in current clinical studies. 

IL-17 might be important in the pharmacologic treatment 

of neovascular AMD.

There are some limitations to this study, including the 

cytokine analysis being performed in patients who had 

previously received treatment, which may have altered 

the baseline cytokine profile. In addition, this study had 

a relatively small sample size, so we were unable to test 

the external validity of our prediction model of response 

to therapy based on cytokine levels. The follow-up visit in 

ranibizumab responders utilizes a treat-and-extend protocol 

which might influence the cytokine activity.

The results of this study will aid in our understanding of 

the role of cytokines in the response of patients to treatment 

with ranibizumab. In the future, larger studies examining 

changes in cytokine levels may help to clarify whether some 

cytokines can be biomarkers that identify poor responders 

and guide the selection of treatment for these patients.
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Table S1 Mean and range of cytokine level (pg/dL) at baseline visit

Cytokine Control PDT AF

Mean (min, max) SD Mean (min, max) SD Mean (min, max) SD

PLGF 2.5 (0.2, 10.6) 3.1 3.6 (0.1, 15.6) 5.7 1.7 (0.1, 4.0) 1.4
VEGF-A 78 (3.5, 664.8) 184 177.9 (1.7, 744.2) 269.6 86.8 (1.5, 386.3) 135.2
VEGF-C 66 (6.2, 233.6) 66.1 78.7 (0.9, 289.1) 101.8 84.5 (4.7, 236.6) 67.7
Angiopoeitin-2 344 (43.3, 996.2) 239.2 195.1 (11.1, 338.6) 98.5 289.2 (158.6, 517.1) 117.3
EGF 2.6 (0.6, 9.2) 2.1 2.8 (0.3, 5.7) 2.4 3.9 (0.3, 10.4) 3.4
Endothelin-1 20.3 (3.1, 36.7) 12.9 9.2 (0.1, 27.2) 11.0 18.2 (0.4, 43) 15.8
FGF-1 7.4 (1.4, 13.4) 3.9 5.8 (1.5, 11) 3.1 6.7 (1, 12.4) 4.5
FGF-2 42.6 (5.7, 112.3) 35.5 32.4 (1.7, 59.8) 24.3 37.7 (3.3, 98.3) 34.4
Follistatin 72.2 (7.7, 170.9) 60.5 74.3 (2.3, 206.2) 68.2 199.6 (2, 1,413.9) 407.6
G-CSF 79.2 (5.5, 210.8) 75.4 150.8 (4.7, 669.1) 226.9 53 (4.2, 152.7) 45.3
HBEGF 2.4 (0.2, 0.6) 3.3 3.6 (0.1, 9.9) 3.5 3.1 (0.1, 7.1) 3
HGF 1,909.9 (228.4, 2,353.1) 743.6 1,729.2 (183.5, 3,750.8) 1,022 2,044.2 (1,292.8, 3,314.6) 655.6
Leptin 528.6 (16.8, 4,579.4) 1,248.3 1,479.8 (14.3, 8,325.2) 2,836.5 338.1 (10.2, 2,009.8) 568.2
ICAM 2,047.2 (138.2, 12,424.8) 3,609.6 5,324.1 (69, 19,380.5) 7,024.4 12,928.5 (76, 115,354.1) 36,037.2
IL-1A 8.5 (1.6, 16.3) 4.2 5.4 (0.1, 11.1) 4.2 7.6 (0.9, 17.4) 5.7
IL-3 43 (25.8, 66.9) 11.8 38.4 (9, 76.3) 24.5 34.3 (14.2, 77.2) 21.1
IL-6 81.9 (1.1, 423.0) 140 458.6 (9.4, 1,186.5) 535 104.4 (0.5, 487.8) 169.0
IL-7 1.4 (0.3, 3.2) 1.0 0.8 (0.1, 2.5) 0.9 0.6 (0, 2.5) 0.7
IL-8 13.1 (1.5, 34.8) 9.9 13 (1.7, 43) 14.1 8.9 (0.3, 17.9) 5.5
IL12p70 1.3 (0.2, 3) 1.0 1.1 (0.2, 2.4) 0.8 1.2 (0.2, 2.7) 1.0
IL-17 0.7 (0.2, 1.9) 0.5 1.0 (0.2, 2.6) 0.9 0.8 (0, 1.7) 0.6
MCP-1 3,765 (1,554, 8,231.8) 2,145.5 4,914.1 (1,548, 9,421.6) 3,426.8 3,751.5 (1,740.6, 7,815.3) 2,082.7
TNF-α 0.6 (0.1, 1.3) 0.4 0.5 (0.2, 1.5) 0.4 0.5 (0, 1.3) 0.4
PDGF-AA 36.3 (10, 80.5) 19.5 53 (13.9, 115.3) 38.9 39.3 (14.5, 67.4) 19.7

Abbreviations: AF, aflibercept; EGF, epidermal growth factor; FGF, fibroblast growth factor; G-CSF, granulocyte-colony stimulating factor; HBEGF, heparin-binding EGF-
like growth factor; HGF, hepatocyte growth factor; ICAM, intercellular adhesion molecule; IL, interleukin; MCP, monocyte chemoattractant protein; PDGF, platelet-derived 
growth factor; PDT, photodynamic therapy; PLGF, placental growth factor; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.

Supplementary material
Photodynamic therapy procedure
Verteporfin photodynamic therapy (PDT) was administered 

to the leakage area in fluorescein angiography with a full 

fluence (50 J/cm2) and a light delivery time for 83 seconds. 

At ~1 hour after PDT, dexamethasone 200 µg/0.05 mL was 

injected intravitreally, and 1 week later, the patient received 

intravitreal ranibizumab 0.5 mg/0.05 mL. Subsequently, the 

patient received monthly injections of ranibizumab.

Aqueous sampling through anterior 
chamber paracentesis
Topical 0.5% tetracaine hydrochloride was applied before 

the procedure and a wire speculum was used. A sterile cotton 

tip soaked in 10% povidone iodine was applied at the sites 

of the aqueous tap and the intravitreal injection. A sterile 

unplugged 0.1 mL syringe with a 30 G needle was placed at 

the limbus parallel to the iris plane. Aqueous fluid (0.05 mL) 

was removed by passive pressure. Intravitreous injection of 

either ranibizumab or aflibercept was administered promptly 

afterward. The aqueous fluid was placed in 0.2 mL PCR 

tubes and stored at −80°C. All aqueous fluid samples were 

analyzed at the end of the study.
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