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Introduction

Intravitreal (IVT) antivascular endothelial growth factor (anti-
VEGF) therapies are the mainstay of treatment for neovascular 
age-related macular degeneration (nAMD).1,2 Prevention of 
leakage from choroidal neovascularization (CNV), and conse-
quently, restoration of anatomic integrity of the retina are 2 of 
the main objectives of anti-VEGF therapy, with the ultimate 
goal of improving and/or preserving vision.2 In addition to 
vision outcomes, quantitative measures of retinal thickness 
such as central subfield thickness (CST) are often used to assess 
disease activity and treatment response to anti-VEGF agents in 
clinical trials and routine clinical practice.2

Previous efforts to elucidate the relationship between CST 
and visual outcomes were not successful in establishing a cor-
relation in patients with nAMD.3–6 For instance, in a post hoc 
analysis of the EXCITE trial, best-corrected visual acuity 

(BCVA) and CST values were correlated only at baseline, with 
no significant correlation at follow-up visits.3 Similarly, in a post 
hoc analysis of the VIEW trials, weak or no correlation was 
found between changes in CST and BCVA with either afliber-
cept or ranibizumab, or different dosing regimens of afliber-
cept.6 In contrast, evidence from recent studies suggests that 
higher CST fluctuations during the course of IVT anti-VEGF 
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Abstract
Purpose: To evaluate the impact of central subfield thickness (CST) fluctuations on visual outcomes in treatment-naïve 
eyes with neovascular age-related macular degeneration from VIEW 1 and VIEW 2. Methods: Eyes were treated with 
intravitreal ranibizumab 0.5 mg every 4 weeks (Rq4) or aflibercept 2 mg every 4 or 8 weeks (2q4 or 2q8). The relationship 
between CST fluctuations and visual outcomes was evaluated via mixed model for repeated measures in quartiles of SDs 
of CST from baseline to week 52 (n = 1792; quartile 1: ≤27.6 µm; quartile 2: >27.6 to ≤42.5 µm; quartile 3: >42.5 to 
≤65.3 µm; quartile 4: >65.3 µm) and weeks 12 to 52 (n = 1766; quartile 1: ≤27.0 µm; quartile 2: >27.0 to ≤43.2 µm; 
quartile 3: >43.2 to ≤67.8 µm; quartile 4: >67.8 µm). Results: Least squares mean best-corrected visual acuity (BCVA) 
gains from baseline to week 52 for quartile 1 to quartile 4 were 9.6, 10.1, 9.6, and 6.7 letters, respectively (quartile 4 vs 
quartile 1: nominal P = .0017). Least squares mean BCVA letter gains within each quartile treated with Rq4, 2q4, and 2q8, 
respectively, were 7.0, 10.3, and 10.2 (quartile 1); 11.3, 9.3, and 8.8 (quartile 2); 10.0, 9.3, and 10.1 (quartile 3); and 7.4, 8.4, 
and 6.2 (quartile 4). From weeks 12 to 52, least squares mean BCVA gains for quartile 1 to quartile 4 were 10.0, 9.7, 9.7, 
and 6.9 letters, respectively (quartile 4 vs quartile 1: nominal P = .0008). Least squares mean BCVA letter gains within each 
quartile treated with Rq4, 2q4, and 2q8, respectively, were 7.9, 10.7, and 10.6 (quartile 1); 10.7, 9.3, and 8.1 (quartile 2); 9.3, 
9.5, and 10.9 (quartile 3); and 8.2, 8.0, and 6.4 (quartile 4). Conclusions: The highest CST fluctuation was associated with 
lower BCVA gains, irrespective of antivascular endothelial growth factor agent or regimen.
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therapy for nAMD may be associated with worse visual out-
comes.7–12 However, the impact of anti-VEGF agent type and 
regimen on the relationship between CST fluctuations and visual 
outcomes is not fully understood.

This post hoc analysis of the VIEW 1 and VIEW 2 trials 
aimed to evaluate the impact of CST fluctuations on visual out-
comes in eyes with nAMD. Specifically, it compared different 
anti-VEGF agents (aflibercept vs ranibizumab) and treatment 
regimens (4-week vs 8-week intervals).

Methods

VIEW 1 and VIEW 2 Study Design

VIEW 1 and VIEW 2 (ClinicalTrials.gov: NCT00509795 and 
NCT00637377, respectively) were 2 similarly designed, multi-
center, randomized, double-masked, active-controlled, phase 3 
clinical trials.13 The study protocols were approved at each par-
ticipating clinical site by the respective institutional review 
board or ethics committee in accordance with the Declaration 
of Helsinki. Written informed consent was obtained from all 
subjects before the study.

Briefly, eligible patients were 50 years of age or older, with 
active, subfoveal CNV of any subtype secondary to nAMD 
(including juxtafoveal lesions with subfoveal leakage) that 
comprised 50% or more of the total lesion size.13

Patients had BCVA between 73 and 25 Early Treatment 
Diabetic Retinopathy Study (ETDRS) chart letters (≈20/40–
20/320 Snellen equivalent) in the study eye.13 Patients were ineli-
gible if they were previously treated for nAMD in the study eye.13

Eyes were randomized to receive IVT ranibizumab 0.5 mg 
every 4 weeks (Rq4) or IVT aflibercept injection 0.5 mg every 
4 weeks (0.5q4), aflibercept 2 mg every 4 weeks (2q4), or 

aflibercept 2 mg every 8 weeks (2q8), following 3 initial injec-
tions at weeks 0, 4, and 8.13 Eyes were evaluated for BCVA at 
baseline and every 4 weeks through week 52.13

CST was examined using time-domain optical coherence 
tomography (Carl Zeiss Meditec) at baseline and at weeks 4, 
12, 24, 36, and 52 in VIEW 1 and at all study visits in VIEW 2, 
and was evaluated at an independent reading center (VIEW 1: 
OCT Reading Center at Duke University, Durham, NC, USA; 
VIEW 2: Vienna Reading Center, Vienna, Austria).13 All other 
procedures were conducted as previously described.13

Post Hoc Analysis

Study Population.  This post hoc analysis was performed using 
integrated data from eyes that received Rq4, or 2q4 or 2q8 in 
the VIEW 1 and VIEW 2 trials. Data from eyes that received 
0.5q4 were excluded from this analysis as, to date, this dose has 
not been approved by the US Food and Drug Administration.14 
All analyses included all randomized eyes that received a study 
drug and had a baseline and at least 1 follow-up BCVA assess-
ment.13 Observed cases were assessed for each outcome.

Outcome Measures.  The impact of CST fluctuations on visual 
outcomes was evaluated using pooled data from all treatment 
groups across 2 periods. The first period, from baseline to week 
52, represented the full study duration and included the initial 
monthly doses. This analysis did not account for baseline CST 
variability, which was unrelated to treatment. The second 
period, from week 12 to week 52, focused on the treatment 
phase following initial monthly injections and thus reflects 
more clinically relevant CST fluctuations (Figure 1). The SD of 
CST for each eye from baseline through week 52 or from week 
12 to 52 was calculated and considered to be a measure of 
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Figure 1.  CST fluctuations from baseline to week 52 and weeks 12 to 52 in patients with neovascular age-related macular degeneration. 
(A) CST quartiles from baseline to week 52: quartile 1: ≤27.6 µm; quartile 2: >27.6 to ≤42.5 µm; quartile 3: >42.5 to ≤65.3 µm; quartile 
4: >65.3 µm. (B) CST quartiles from weeks 12 to 52: quartile 1: ≤27.0 µm; quartile 2: >27.0 to ≤43.2 µm; quartile 3: >43.2 to ≤67.8 µm; 
quartile 4: >67.8 µm.
Abbreviation: CST, central subfield thickness.
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individual CST fluctuation. For each period, eyes were placed 
into quartiles according to the distribution of their CST fluctua-
tions, ranging from the lowest CST fluctuation (quartile 1) to 
the highest CST fluctuation (quartile 4). Quartiles of CST fluc-
tuation from baseline to week 52 were ≤27.6 µm (quartile 1), 
>27.6 to ≤42.5 µm (quartile 2), >42.5 to ≤65.3 µm (quartile 
3), and >65.3 µm (quartile 4). From weeks 12 to 52, quartiles of 
CST fluctuation were ≤27.0 µm (quartile 1), >27.0 to ≤43.2 µm 
(quartile 2), >43.2 to ≤67.8 µm (quartile 3), and >67.8 µm 
(quartile 4). Eyes with 3 or more CST observations were 
included in the analysis.

Statistical Analysis.  Baseline patient demographic and disease 
characteristics were summarized descriptively by quartiles of 
CST fluctuation from baseline to week 52 and from weeks 12 to 
52. The least squares mean change in BCVA from baseline to 
week 52 was evaluated by quartile of CST fluctuation and by 
treatment group (2q4, 2q8, and Rq4) using a mixed model for 
repeated measures that was adjusted for baseline BCVA and 
CNV lesion size. Least squares mean differences between each 
quartile (quartiles 2, 3, and 4) and the lowest (reference) quar-
tile (quartile 1) were estimated and compared using the Mantel-
Haenszel weighting scheme. For the proportion of eyes with 
BCVA gain or loss at week 52, differences between each quar-
tile (quartiles 2, 3, and 4) and quartile 1 were evaluated using 
the Cochran-Mantel-Haenszel method.

Nominal P values were reported for all visual outcomes, 
with P < .05 indicating nominal significance. Statistical analy-
ses were conducted using SAS (version 9.4, SAS Institute).

Results

Baseline Patient Characteristics

Analysis of fluctuation from baseline to week 52 included 1792 
eyes, and from week 12 to week 52 included 1766 eyes. Patient 
demographics in both analyses were comparable across quar-
tiles of CST fluctuation (Table 1). In both analyses, a trend of 
decreasing BCVA, increasing CST, and increasing CNV lesion 
size was observed at baseline across quartiles of increasing 
CST fluctuation (Table 1). The proportions of eyes with occult 
lesions decreased across quartiles, whereas the proportions of 
eyes with predominantly and minimally classic lesions tended 
to increase across quartiles (Table 1). Baseline demographic 
and disease characteristics were generally well-balanced across 
treatment groups within each quartile of CST fluctuation 
(Supplemental Tables S1 and S2). Distribution of treatment 
groups within each quartile of CST fluctuation is shown in 
Supplemental Table S3. In both analyses, trends of increasing 
proportions of eyes treated with 2q8 were observed across 
increasing quartiles of CST fluctuation (from quartile 1 to quar-
tile 4; Supplemental Table S3).

BCVA Gains at Week 52 by Quartile of CST 
Fluctuation

At week 52, least squares mean BCVA gains by quartile of CST 
fluctuation from baseline to week 52 were 9.6, 10.1, 9.6, and 6.7 
letters in quartiles 1, 2, 3, and 4, respectively, with a least squares 
mean difference (95% CI) between quartile 4 and quartile 1 of 

Table 1.  Baseline Demographics and Disease Characteristics by Quartile of CST Fluctuation.

CST Quartiles From Baseline to Week 52a CST Quartiles From Weeks 12 to 52b

Characteristic 1 (n = 448) 2 (n = 448) 3 (n = 448) 4 (n = 448) 1 (n = 442) 2 (n = 441) 3 (n = 442) 4 (n = 441)

Age (y)
mean ± SD 76.5 ± 8.2 74.9 ± 8.8 75.4 ± 8.7 76.2 ± 8.7 76.2 ± 8.2 75.0 ± 8.8 75.3 ± 8.8 76.5 ± 8.7

Male, n (%) 183 (40.8) 187 (41.7) 178 (39.7) 191 (42.6) 193 (43.7) 171 (38.8) 171 (38.7) 194 (44.0)
BCVA (letters)

mean ± SD 58.2 ± 11.8 55.8 ± 12.6 52.7 ± 13.8 48.4 ± 13.7 58.2 ± 12.0 55.9 ± 12.5 52.5 ± 13.8 48.7 ± 13.6
CST (µm)

mean ± SD 197.8 ± 69.9c 246.9 ± 65.3c 313.3 ± 82.1c 443.2 ± 124.3 196.3 ± 68.0d 244.4 ± 63.3e 315.4 ± 82.0 446.5 ± 119.6
CNV lesion size (mm2)

mean ± SD 6.8 ± 5.2f 7.3 ± 5.1f 6.8 ± 5.3f 7.9 ± 5.8g 6.6 ± 5.0e 7.3 ± 5.3h 7.0 ± 5.4d 7.8 ± 5.8e

CNV type, n (%)
Occult 210 (46.9) 183 (40.8) 155 (34.6) 136 (30.4) 197 (44.6) 188 (42.6) 155 (35.1) 132 (29.9)
Minimally classic 142 (31.7) 163 (36.4) 150 (33.5) 174 (38.8) 147 (33.3) 157 (35.6) 145 (32.8) 173 (39.2)
Predominantly classic 93 (20.8) 97 (21.7) 139 (31.0) 137 (30.6) 95 (21.5) 93 (21.1) 137 (31.0) 135 (30.6)
Missing 3  (0.7) 4  (0.9) 3  (0.7) 1  (0.2) 3  (0.7) 3  (0.7) 3  (0.7) 1  (0.2)

Abbreviations: BCVA, best-corrected visual acuity; CNV, choroidal neovascularization; CST, central subfield thickness.
aCST quartiles from baseline to week 52: quartile 1: ≤27.6 µm; quartile 2: >27.6 to ≤42.5 µm; quartile 3: >42.5 to ≤65.3 µm; quartile 4: >65.3 µm.
bCST quartiles from week 12 to week 52: quartile 1: ≤27.0 µm; quartile 2: >27.0 to ≤43.2 µm; quartile 3: >43.2 to ≤67.8 µm; quartile 4: >67.8 µm.
cn = 446.
dn = 439.
en = 440.
fn = 445.
gn = 447.
hn = 438.
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−2.9 (−4.8 to −1.1) letters (Figure 2A). Similar visual gains were 
observed by quartiles of CST fluctuation from weeks 12 to 52, 
with substantially lower gains in quartile 4 vs quartile 1 (least 
squares mean difference, −3.1 letters; 95% CI, −5.0 to −1.3; 
Figure 2B).

Consistent with these findings, eyes in quartile 4 had mark-
edly lower rates of 5 or more letters gained and markedly higher 

rates of 5 or more letters lost at week 52 compared with quartile 
1 in both analysis periods (baseline to week 52 and week 12-52; 
both nominal P < .05) (Figure 3, A and B). Additionally, a sub-
stantially lower rate of 10 or more letters gained at week 52 was 
observed in quartile 4 vs quartile 1 when quartiles of CST fluc-
tuation were evaluated from weeks 12 to 52 (nominal P < .05) 
(Figure 3B).
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Figure 2.  LS mean change from baseline BCVA by quartile of CST fluctuation from baseline to week 52 and weeks 12 to 52. *Nominal  
P < .05 vs quartile 1. (A) CST quartiles from baseline to week 52: quartile 1: ≤27.6 µm; quartile 2: >27.6 to ≤42.5 µm; quartile 3: >42.5 to 
≤65.3 µm; quartile 4: >65.3 µm. (B) CST quartiles from week 12 to week 52: quartile 1: ≤27.0 µm; quartile 2: >27.0 to ≤43.2 µm; quartile 
3: >43.2 to ≤67.8 µm; quartile 4: >67.8 µm.
Abbreviations: BCVA, best-corrected visual acuity; CST, central subfield thickness; LS, least squares.
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BCVA Gains at Week 52 by Treatment Group 
Within Each Quartile of CST Fluctuation

Least squares mean BCVA gains at week 52 were generally 
similar across the 2q4, 2q8, and Rq4 treatment groups in quar-
tiles 1, 2, and 3 from baseline to week 52 and weeks 12 to 52 
(Figure 4). In quartile 4, visual gains were relatively lower 
compared with quartile 1 regardless of treatment group. Within 
quartile 4, patients treated with 2q8 had marginally lower visual 
gains when compared with those treated with 2q4 or Rq4.

Conclusions

This post hoc analysis of eyes with nAMD in the VIEW 1 and 
VIEW 2 trials showed that eyes in the highest quartile of CST 
fluctuation (quartile 4) during both treatment periods experi-
enced lower mean BCVA gains compared with those in the low-
est quartile (quartile 1). Furthermore, the proportion of eyes 

achieving 5 or more, 10 or more, and 15 or more letters gained at 
week 52 was consistently lower in quartile 4 than in quartile 1.

Overall, findings from this analysis were consistent with 
those of previous studies based on clinical trial data and real-
world evidence,10–12 which have demonstrated an association of 
greater fluctuations in retinal thickness with worse visual out-
comes during the course of IVT anti-VEGF treatment for 
nAMD.7–9 A post hoc analysis of the HAWK and HARRIER 
trials also evaluated the relationship between CST variability 
and visual outcomes during the entire trial period, as well as the 
period after the initial monthly dosing phase, with a similar 
rationale for using the latter to ensure a more accurate assess-
ment of inherent CST variability in each patient by reducing the 
effect of differences in CSTs at baseline.9 In HAWK and 
HARRIER, the impact of CST variability was evident starting 
from quartile 2, with lower gains in BCVA of −1.6, −3.3, and 
−8.9 letters in quartiles 2, 3, and 4, respectively, compared with 
quartile 1.9 The threshold of CST variability affecting gains in 
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Figure 3.  Proportion of eyes that gained or lost vision at week 52 by quartile of central subfield thickness (CST) fluctuation from baseline 
to week 52 and weeks 12 to 52. *Nominal P < .05 vs quartile 1. (A) CST quartiles from baseline to week 52: quartile 1: ≤27.6 µm; quartile 
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Figure 4.  LS mean change from baseline in BCVA by treatment group within each quartile of CST fluctuation from baseline to week 52 
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BCVA was lower, and the magnitude of impact leading to sub-
optimal BCVA was greater in HAWK and HARRIER compared 
with the current study, potentially due to differences in the trial 
populations (eg, higher baseline BCVA and baseline CST, and 
lower CNV size in HAWK and HARRIER) and study design 
(eg, adjustment of dosing intervals based on disease activity 
was allowed in HAWK and HARRIER).9,13,15

In contrast to previous post hoc analyses that were treatment 
agnostic,7,9 the present analysis also evaluated the relationship 
between CST fluctuations and visual outcomes by different 
anti-VEGF agents (ie, aflibercept and ranibizumab) and treat-
ment frequency (ie, 2q4 and 2q8). In both analysis periods, 
there was a trend toward increasing proportions of eyes treated 
with 2q8 from quartile 1 to quartile 4. Patients treated with 2q8 
had visual gains similar to 2q4 and Rq4 in all quartiles except 
quartile 4, where patients treated with 2q8 achieved marginally 
lower visual gains, suggesting that this subgroup of patients 
may benefit from more frequent treatment.

Across all quartiles of CST fluctuation evaluated, eyes with 
the highest CST fluctuations had thicker retinas at baseline, 
larger CNV lesion size, and a higher proportion of eyes with 
predominantly and minimally classic CNV lesions. These results 
suggest that these disease characteristics may be associated with 
greater disease severity7,16 and, consequently, worse visual out-
comes than observed in this analysis. Similar trends were 
reported in post hoc analyses of the CATT, IVAN, HARBOR, 
HAWK, and HARRIER trials.7–9 Large CNV lesions may pro-
mote more vascular leakage within the retina and consequently 
more rapid fluid reaccumulation, thereby increasing CST fol-
lowing anti-VEGF treatment. Additionally, predominantly and 
minimally classic CNV lesions may exacerbate fluid accumula-
tion given that these CNV lesions may lead to exudation in both 
the subretinal pigment epithelial and subretinal spaces.17 
Therefore, thicker baseline CST, large CNV lesion size, the 
presence of minimally classic CNV lesions, and consequently, 
increased CST fluctuations may contribute to retinal damage 
that impairs visual function and, potentially, the ability to 
recover visual function with treatment. Indeed, increasing CNV 
lesion size has been associated with lower visual improvements 
in several trials, including CATT, VIEW 1, and VIEW 2.18–20

Limitations of this analysis include its exploratory post hoc 
nature. The VIEW 1 and VIEW 2 trials were not designed to 
prospectively assess the impact of CST fluctuations on visual 
outcomes in eyes with nAMD treated with IVT aflibercept or 
ranibizumab injections. Therefore, the results presented here 
should be interpreted with caution. Although this analysis con-
trolled for baseline BCVA and CNV lesion size, other underly-
ing morphologic and clinical factors, including CNV type, were 
not controlled for and therefore may have contributed to final 
visual outcomes. This study also did not evaluate retinal fluid 
compartments; their impact on outcomes could therefore not be 
assessed. Features associated with permanent retinal tissue loss 
and irreversible vision impairment, such as fibrosis or atrophy, 
were not assessed in this analysis.6 Despite these limitations, 
this analysis was conducted using data from 2 randomized, con-
trolled trials with a large patient population that was followed 

prospectively with standardized BCVA assessments and stan-
dardized image collection and interpretation by masked read-
ers,6 supporting a robust assessment of the relationship between 
CST fluctuations and visual outcomes.

In summary, this post hoc analysis of the VIEW 1 and VIEW 
2 trials in eyes with nAMD treated with IVT aflibercept and 
ranibizumab showed that visual outcomes were comparable 
among all treatment groups in the majority of eyes. However, 
eyes with the highest CST fluctuations were associated with 
worse visual outcomes, with more frequent treatments (every 4 
weeks) resulting in marginally better BCVA outcomes than 
treatment every 8 weeks in this subgroup of patients. Eyes with 
larger CNV lesions or predominantly or minimally classic CNV 
with increased CST at baseline may require close monitoring, 
given that they may be more likely to experience higher CST 
fluctuations than eyes without these disease characteristics. 
They may also require more frequent treatment. Further studies 
are warranted to better understand the relationship between key 
disease characteristics, CST fluctuations, and visual outcomes.
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