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Purpose: Retinal fluid and thickness are important anatomical features of disease
activity in neovascular age-related macular degeneration, as evidenced by clinical trials that
have used these features for inclusion criteria, retreatment criteria, and outcome measures
of the efficacy of intravitreal injections of anti–vascular endothelial growth factor agents.

Methods: A literature review of anatomical measures of disease activity was conducted.
Results: Treatment goals for neovascular age-related macular degeneration include improv-

ing/maintaining vision by drying the retina, and several analyses have evaluated the relationship
between visual function and anatomy. The change in retinal thickness has been found to correlate
with the change in the visual acuity, and variation in retinal thickness may predict visual acuity
outcomes. In addition, specific fluid compartments may have different prognostic values. For
example, the presence of intraretinal fluid has been associated with poorer visual acuity, whereas
the presence of subretinal fluid has been associated with better visual acuity. Retinal fluid and
thickness are important for selecting dosing interval durations in clinical trials and clinical practice.

Conclusion: Retinal thickness and retinal fluid are common anatomical measures of
disease activity in neovascular age-related macular degeneration. Further research is
required to fully elucidate the relationship between anatomical features and visual
outcomes in neovascular age-related macular degeneration.
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In neovascular age-related macular degeneration
(nAMD), new blood vessels emanating from the

choroid break through the Bruch membrane and grow
within the sub-retinal pigment epithelium (sub-RPE)
space and/or the subretinal space. Vessels may also
grow within the retina.1,2 The new vessels leak fluid,
lipids, and blood into the retina and surrounding
space.2 This choroidal neovascularization (CNV) is
often associated with progressive vision loss, espe-
cially if left untreated.2 Intravitreal injections of anti-
vascular endothelial growth factor (anti-VEGF) agents
are the standard of care for nAMD and result in stabi-
lization or improvements in the visual acuity and ana-
tomical measures of disease activity, such as fluid in
and around the retina and retinal thickness.3–6

Management of nAMD is associated with a high
treatment burden. Reducing burden with less frequent
injections may be accomplished with drugs with

longer durability delivered at longer fixed intervals
or with variable dosing regimens that adjust dosing
intervals depending on treatment response. Treatment
response is assessed using functional and anatomical
measures, including visual acuity, presence of retinal
fluid or hemorrhage, size of the CNV, and retinal
thickness. The present review focuses on the anatom-
ical measures of retinal fluid and retinal thickness in
nAMD. This review describes how these measures
relate to the visual acuity and are used to inform
treatment decisions.

Retinal Fluid and Thickness as Measures of the
Disease Activity

Optical coherence tomography (OCT), used in the
diagnosis of nAMD, is the most useful tool in long-
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term management of patients with nAMD. Quantita-
tive measurements of retinal thickness and qualitative
observation of retinal fluid on OCT are used as the
criteria for disease activity and as efficacy outcomes in
clinical trials.3,5,7–19 In practice, clinicians evaluate
OCT scans for qualitative evidence of intraretinal fluid
(IRF), subretinal fluid (SRF), and irregular elevation of
the RPE. Retinal thickness is measured as the distance
from the internal limiting membrane of the retina to
the RPE or Bruch membrane, depending on the OCT
device manufacturer’s algorithm. Several measures of
retinal thickness are used, including central retinal
thickness (CRT) and central subfield thickness
(CST), which measure the mean retinal thickness
within the 1-mm diameter circular field surrounding
the foveola, and central foveal thickness (CFT) and
center point thickness, which measure the retinal thick-
ness at the intersection of the six radial scan lines.20,21

Retinal fluid is a major contributor to retinal thicken-
ing on OCT.7 In the CATT study, at baseline, 82% of
patients had fluid involving the fovea, with 30% hav-
ing fluid in all three compartments (IRF, SRF, or sub-
RPE fluid). Subretinal fluid was the most common at
baseline (82%), followed by IRF (75%) and then sub-
RPE (49%).22

The significance of retinal thickness and fluid as
anatomical features of nAMD is highlighted by the
consistency of clinical trials incorporating these measures
as part of the inclusion criteria for enrollment or retreat-
ment. The PrONTO study, evaluating as needed (pro re
nata [PRN]) dosing of ranibizumab, was the first study to
use OCT guidance for inclusion and retreatment, enroll-
ing patients who had CRT of $300 mm. An increase in
CRT of $100 mm and persistent fluid were part of the

guidelines for retreatment, along with vision (Table 1).7

Any qualitative change on OCT suggesting recurrent
fluid in the macula was later added as retreatment crite-
ria.23 Aspects of the disease criteria used in PrONTO
continue to be used in later trials, including pivotal Phase
3 studies, such as the VIEW 1/2 trials (Week 52–96), in
which the criteria for aflibercept retreatment included
new/persistent fluid on OCT, an increase in CRT of
$100 mm compared with the lowest previous value,
and loss of $5 ETDRS letters from the best previous
score in conjunction with recurrent fluid on OCT.10

The HAWK and HARRIER trials of brolucizumab used
disease activity assessments, including CST, fluid, and
vision, to determine dosing interval (q12/q8 weeks). In
the HARBOR, LUCAS, TREX-AMD, and TREND clin-
ical trials, among others, the presence of fluid on OCT
and disease activity resolution (e.g., no IRF or SRF)
affected anti-VEGF treatment intervals.4,7,14,16,18,19,24–26

Retinal thickness and retinal fluid are used to
evaluate treatment response to anti-VEGF agents
(Table 1). From early trials (e.g., PrONTO, PIER,
and SAILOR) to more recent trials (e.g., ATLAS,
TREND, and HAWK/HARRIER), retinal thickness
has been used as 1 efficacy end point,3,5,7–9,11–19 and
anti-VEGF treatment has resulted in reduced retinal
fluid and retinal thickness.3,7,8,13,19 Clinically, the
presence/absence and worsening/improvement of fluid
on OCT are important determinants of treatment effi-
cacy and durability. Inhibiting leakage from patho-
logic vasculature and thereby restoring and
preserving retinal anatomy is the core objective of
anti-VEGF therapy, with the ultimate goal of improv-
ing and maintaining visual function long term.

Relationship Between Retinal Fluid or Thickness
and Visual Acuity

The relationship between anatomy and visual acuity
has been assessed in several studies. Understanding
these relationships is important for understanding the
anatomical signs that indicate a need for further/more
aggressive treatment.
Retinal thickness as measured at a single time point

seems to correlate with the visual acuity before
treatment. In the EXCITE study, a correlation was
found between CRT and visual acuity at baseline but
not at any point during the first year of treatment.6

Notably, the CATT study found that eyes with very
high or low retinal thickness at Week 104 had worse
visual acuity than eyes with normal thickness; this
trend was apparent throughout the first 2 years of
treatment.5,27 The CATT study findings suggest that
the relationship between retinal thickness and visual
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Table 1. Anatomical Outcome Measures and Disease Activity Criteria Used in Clinical Trials of anti-VEGF Agents in nAMD

Trial Drug Anatomical Outcome Measures
Disease Activity Criteria for the

Dosing Regimen

PrONTO7,23 Ranibizumab CRT PRN: VA loss of $5 letters with
OCT evidence of fluid (IRF or
SRF) in the macula, an
increase in OCT CRT of $100
mm, new macular hemorrhage,
new area of classic CNV,
evidence of persistent fluid on
OCT, or (according to an
amendment) any qualitative
change on OCT (eg, retinal
cysts, SRF, or PED
enlargement), suggesting
recurrent fluid in the macula

PIER11 Ranibizumab Foveal CPT,CST, total area of
CNV, total area of leakage
from CNV, and leakage from
CNV plus RPE staining

NA

SAILOR8 Ranibizumab CFT PRN (cohort 1): .5 letter
decrease in VA compared with
the highest score or VA (same
as above) and/or a 100-mm
increase in OCT CFT
compared with lowest
measurement, with IRF or SRF
present

SUSTAIN9 Ranibizumab CRT, total lesion area, and
leakage absence

PRN: loss of VA of .5 letters or
an increase of .100 mm in
CRT. An option of not treating
was available if VA $79 letters
or CRT #225 mm

EXCITE12 Ranibizumab CRT, total lesion area, and total
area of leakage

NA

CATT4 Ranibizumab and
bevacizumab

Total thickness at the fovea,
retinal thickness plus
subfoveal-fluid thickness, fluid
presence, dye leakage
presence, and area of lesion

PRN: fluid on OCT, new or
persistent hemorrhage,
decreased VA compared with
previous exam, or dye leakage
or increased lesion size on FA

VIEW 1 and 213 Aflibercept and ranibizumab CRT, CNV area, and cystic
intraretinal edema and SRF
absence

NA

HARBOR14 Ranibizumab CFT, total area of CNV, and total
area of CNV leakage

PRN: $5-letter decrease in
BCVA from the previous visit
or any evidence of disease
activity on SD-OCT

IVAN24 Ranibizumab and
bevacizumab

Total thickness at the fovea,
retinal plus SRF thickness at
the fovea, neuroretinal foveal
thickness, maximal retinal
thickness, height of PED,
active neovascularization
presence/area, total lesion
presence/area, SRF presence/
area, fibrosis presence/area,
blood presence, RPE tear
presence, dye leakage
presence, fluid presence, and
geographic atrophy
development

PRN: Level 1: SRF presence,
increase in IRF, or fresh blood
in the lesion. Level 2:
persistent IRF and VA
dropped by $10 letters over
the past 3 months. Level 3 (if
uncertainty): extension of the
CNV or leakage from.25% of
the circumference of the CNV

(continued on next page)
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Table 1. (Continued )

Trial Drug Anatomical Outcome Measures
Disease Activity Criteria for the

Dosing Regimen

LUCAS16 Ranibizumab and
bevacizumab

CRT, fluid presence, leakage
presence, and lesion area

T&E: recurrent disease was any
fluid on OCT, new or
persistent hemorrhage or dye
leakage, or increased lesion
size on FA

TREX-AMD15 Ranibizumab CRT T&E: dry macula: resolution of
IRF and SRF on SD-OCT and
of subretinal and intraretinal
hemorrhage related to
exudative activity

ATLAS17 Aflibercept CFT T&E: extension criteria: absence
of macular fluid on OCT (SRF,
IRF, or sub-RPE), absence of
vision loss of $5 letters from
the previous visit, absence of
new macular hemorrhage, and
absence of increased lesion
size or leakage on FA

TREND19 Ranibizumab CST, intraretinal cyst presence,
SRF presence, CNV leakage
presence/area

T&E: IRF or SRF on SD-OCT.
The VA was considered for
determining the final reduction
of the interval size

FLUID26 Ranibizumab CST, SRF presence, and IRF
presence

T&E: loss of BCVA $5 letters
compared with the BCVA
since BL, new retinal
hemorrhage, or presence of
fluid on SD-OCT. Definition of
fluid depended on the
treatment arm

CANTREAT25 Ranibizumab CRT T&E: disease stability: gain in VA
$3 letters from prior month (or
no loss .5 letters); no lesion
growth, fluid, or blood; and no
IRF or SRF on OCT. Disease
instability: presence of any
fluid, vision loss .5 letters,
new hemorrhage, or
progression of CNV

HAWK & HARRIER3 Brolucizumab and aflibercept CST, SRF presence, IRF
presence, and disease activity
presence

q8w versus q12w: decreased
BCVA $5 letters compared
with BL; decreased BCVA $3
letters and CST increase $75
mm or decrease in BCVA $5
letters due to disease activity,
compared with Week 12; or
new or worse IRF compared
with Week 12

CEDAR &
SEQUOIA41

Abicipar and ranibizumab CRT, IRF absence, SRF
absence, and fluid absence

Participants with persistent IRF
and SRF causing loss of
BCVA $30 letters by OCT
could be treated with standard
of care
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acuity can be nonlinear, which may explain why a
correlation between retinal thickness and visual acuity
during treatment has not been clearly documented. By
contrast, change in retinal thickness from baseline
seems to negatively correlate with the change in the
visual acuity.6,7,28 The PrONTO study found correla-
tions at months 2, 3, and 12, although not at Month 1
of treatment.7 Also, change in CRT at Month 1 corre-
lated with the change in the visual acuity at months 2,
3, and 12, suggesting that early change in CRT is a
predictor of later visual acuity.7 Similarly, a post-hoc
analysis of the PIER study found that lower CFT at
Month 5 predicted greater visual acuity improvements
from baseline to Month 24. Recent post-hoc analyses
of the CATT/IVAN and HAWK/HARRIER trials
evaluated the effect of fluctuations in retinal thickness
on the visual acuity. Greater fluctuations in retinal
thickness predicted lower final visual acuity and lower
visual acuity gains.29,30 Greater fluctuations also pre-
dicted greater geographic atrophy and fibrosis.29 These
studies suggest that retinal thickness dynamics can be
indicators of change in the visual acuity.
The presence of IRF has frequently been associ-

ated with poorer visual acuity. In the CATT study,
eyes with IRF were found to have poorer visual
acuity than eyes without IRF.5,27 Other post-hoc
analyses and retrospective studies found similar
associations between IRF and visual acuity and also
suggest that the presence of IRF at baseline predicts
poorer visual acuity at Year 1.10,31 Although most
studies assessed IRF as present/absent,5,31 more
recent studies measured IRF volume, showing sim-
ilar correlations,32,33 suggesting that IRF may be
detrimental to anatomical features important to the
visual acuity.
The relationship between SRF and visual acuity is

less straightforward. In the CATT study, no associa-
tion was found between the presence of SRF and

visual acuity at Week 52.5 At Week 104, eyes with
foveal SRF had better visual acuity than eyes without
SRF or with extrafoveal SRF.27 A post-hoc analysis of
the HARBOR study found that residual SRF was asso-
ciated with greater visual acuity gains at months 12
and 24.34 When neovascularization types were exam-
ined, residual SRF at Month 24 was associated with
greater visual acuity gains for Type 2 and mixed Type
1 and 2 lesions.35 Post-hoc analyses and retrospective
studies have also found that SRF at baseline predicts
better visual acuity at later timepoints after treatment.
Specifically, the presence of SRF at baseline in the
VIEW 1/2 and HARBOR studies was associated with
greater visual acuity gain at Week 52.31,36 Similarly,
greater SRF volume at baseline has been associated
with greater visual acuity at Week 52.33 Anatomical
outcomes are consistent with visual acuity outcomes in
that the presence of SRF at baseline or during treat-
ment was associated with a lower rate of macular atro-
phy at Month 24 in a post-hoc analysis of HARBOR.37

By contrast, a post-hoc analysis of HAWK/HARRIER
found that the visual acuity gain from the end of the
loading-dose phase of treatment (Week 12) to Week
96 was lower for eyes with high mean SRF volume
during the maintenance phase (weeks 12–96) than for
eyes with low mean SRF volume.38

The presence of sub-RPE fluid was not associated
with the visual acuity at Week 52 of the CATT study,
but at Week 104, the visual acuity was greater for eyes
with foveal sub-RPE fluid than for eyes with no sub-
RPE fluid or with extrafoveal sub-RPE fluid.5,27 Beyond
the CATT study, the relationship between sub-RPE fluid
and visual acuity has not been elucidated. Instead, stud-
ies have assessed the relationship between visual acuity
and pigment epithelial detachment, a condition in which
the space between the RPE and Bruch’s membrane may
be filled with sub-RPE fluid. These studies have found
differing results, suggesting that the relationship

Table 1. (Continued )

Trial Drug Anatomical Outcome Measures
Disease Activity Criteria for the

Dosing Regimen

Archway44 Ranibizumab port delivery
system

CPT Supplemental IVI: increase in
SD-OCT CST of $100 mm
from the lowest measurement
and decrease of $10 letters
from the best score, decrease
of $15 letters from the best
score, or increase in SD-OCT
CST of $150 mm from lowest
measurement

BCVA, best-corrected VA; BL, baseline; CPT, center point thickness; FA, fluorescein angiography; IVI: intravitreal injection; NA, not
applicable; PED, pigment epithelial detachment; q8w, dosing every 8 weeks; q12w, dosing every 12 weeks; SD-OCT, spectral-domain
OCT; T&E, treat-and-extend; VA, visual acuity.
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between pigment epithelial detachment and visual acuity
is not simple.6,7,22,31,39,40

Although some studies suggest that SRF may be
associated with better visual acuity outcomes, the
presence of fluid of any type (IRF, SRF, or sub-RPE
fluid) has been negatively associated with visual acuity
outcomes. In the CATT study, eyes without fluid of
any type at Week 104 were found to have greater
visual acuity than eyes with foveal or extrafoveal fluid
of any type.27 Similarly, in a post-hoc analysis of the
PIER study, eyes without fluid of any type at months 5
or 8 had greater change from baseline in the visual
acuity at Month 24 than eyes with fluid.28 Notably,
this less precise analysis of fluid does not reflect the
positive association that has been found between SRF
and visual acuity. Overall, these studies suggest the
importance of considering anatomical features of dis-
ease activity and their impact on visual outcomes.

Disease Activity Measures as Criteria
for Retreatment

Clinicians aim to decrease fluid in nAMD while
reducing the burden of intravitreal injections. Both
variable dosing regimens and anti-VEGF agents with
durable efficacy may reduce injection frequency while
controlling disease activity. Because there is a risk of
disease recurrence with long dosing intervals, these
approaches depend on monitoring disease activity,
such as retinal fluid, retinal thickness, and vision, to
determine appropriate dosing intervals.
Several trials have assessed the efficacy of anti-

VEGF agents with PRN regimens, in which eyes are
monitored on a regular basis and injections are
provided only when there are signs of disease activity
(Table 1). In some studies, the visual acuity has
increased after 3 monthly loading doses but decreased
after the PRN regimen.8,9 For example, after loading
doses in the SAILOR study, eyes were treated with a
PRN regimen, in which criteria for retreatment
included a .5-letter decrease and/or an increase of
.100 mm in CFT with IRF or SRF present.8 With
this regimen, the visual acuity decreased from months
3 to 12 such that at Month 12, the visual acuity gain
from baseline was only 2.3 letters, suggesting that the
retreatment criteria or the monitoring schedule (every
3 months), allowed too much disease progression.8 In
the HARBOR study, eyes were monitored every
month for disease activity and criteria for retreatment
included a $5-letter decrease or any evidence of dis-
ease activity on OCT.14 At Month 12, the visual acuity
gain with ranibizumab 0.5 mg was 8.2 letters for the
PRN regimen and 10.1 for the monthly regimen, but

the PRN regimen failed to meet 4-letter noninferiority
compared with the monthly regimen.14 In the CATT
study, the PRN regimen of ranibizumab met the 5-
letter noninferiority margin compared with monthly
dosing at Year 1, but noninferiority testing of PRN
dosing with bevacizumab was inconclusive. Because
PRN regimens only provide treatment as needed, they
have the potential to allow for repeated episodes of
disease-activity recurrence. Studies that have analyzed
fluctuation of retinal thickness over time have attemp-
ted to evaluate the impact of such disease instability on
visual acuity outcomes and have found negative asso-
ciations, suggesting the importance of biomarkers that
are assessed over extended periods of time.29,30

Treat-and-extend (T&E) regimens use signs of dis-
ease activity to determine when to readminister treat-
ment. Dosing intervals are usually lengthened by 2
weeks at a time (maximum of 12–16 weeks) when
disease activity resolves and shortened when disease
activity recurs.15 Eyes typically receive fewer injec-
tions with T&E regimens than with monthly regi-
mens.18,19,25 T&E regimens can provide similar
gains in the visual acuity compared with monthly dos-
ing regimens. In the TREX-AMD study, criteria for
extending the dosing interval were resolution of IRF
and SRF on OCT and resolution of subretinal/intra-
retinal hemorrhage.15 At Month 12, eyes gained 10.5
letters in the T&E arm and 9.2 letters with monthly
dosing. At Month 24, eyes gained 8.7 letters in the
T&E arm and 10.5 letters with monthly dosing,
although noninferiority testing was inconclusive.15,18

In later studies, the T&E regimens showed noninfer-
iority in visual acuity gains compared with monthly
dosing at Month 12.19,25

Other methods to reduce treatment burden include
fixed 8-week (q8w) or 12-week (q12w) dosing intervals
with anti-VEGF agents that produce durable treatment
responses.3,13,41 The VIEW 1/2 studies showed that
aflibercept administered q8w after 3 monthly loading
doses was noninferior to ranibizumab administered
q4w in the proportion of patients maintaining vision
at Week 52.13 The HAWK and HARRIER studies eval-
uated brolucizumab administered q12w/q8w versus afli-
bercept administered q8w3; after 3 monthly loading
doses, brolucizumab was administered q12w unless
the disease activity was detected. The disease activity
included visual acuity loss, increase in CST, new/worse
intraretinal cysts/fluid at Week 16, and visual acuity
loss at other visits. At Week 48, brolucizumab met non-
inferiority to aflibercept for visual acuity gain, and ana-
tomical outcomes (CST and resolution of fluid) showed
superiority. Post-hoc analysis demonstrated similar
visual acuity gains between brolucizumab and afliber-
cept in the subgroup with the disease activity at Week
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16 (q8w only patients) and the subgroup without dis-
ease activity at weeks 16 or 20.42

Criteria for determining dosing intervals typically
include both change in the visual acuity and signs of
anatomical disease activity.4,16,24 However, different
anatomical features have been used to define the dis-
ease activity. Increase in retinal thickness has been
included as a criterion in some studies,7–9,43,44 whereas
others have excluded retinal thickness but included
evidence of retinal fluid.4,15,16,19,24–26 Furthermore,
some studies have included any fluid as a marker of
disease activity,4,14,25 but others have excluded sub-
RPE fluid.7,18,24 The optimal disease activity criteria
are presently unknown because few studies have
directly compared different criteria. To investigate
the effect of including SRF as a criterion in a T&E
protocol, the FLUID study randomized patients to two
different T&E regimens. This study demonstrated that
the visual acuity was noninferior in a T&E regimen in
which SRF (#200 mm in height at the subfoveal cen-
ter) was tolerated compared with a T&E regimen in
which the presence of SRF was not tolerated at Month
24.26 Indeed, further studies are needed to verify that
tolerating SRF is nondetrimental over a longer period
of time.

Conclusion

Retinal thickness and fluid as measured through
OCT are significant anatomical features in nAMD that
are used for inclusion criteria in trials, efficacy
outcome measures, and retreatment criteria.3,5,7–19

The relationship with the visual acuity for both retinal
thickness and fluid has been assessed in several stud-
ies. The change in retinal thickness negatively corre-
lates with the change in the visual acuity, and early
change in retinal thickness may predict change in the
visual acuity at Year 1.6,7,28 The presence of IRF has
been associated with poorer visual acuity in several
studies,5,27,31 whereas the presence of SRF has been
associated with better visual acuity.27,31,36 More pro-
spective research is needed to better understand the
relationship between specific fluid compartments and
vision.
Measures of retinal thickness and fluid are compo-

nents of disease activity criteria for determining dosing
interval duration.3,4,7–9,15,16,19,24–26 Using variable
dosing regimens and anti-VEGF agents that produce
durable anatomical and functional responses are effi-
cacious ways to treat nAMD while reducing burden
for the patient, caregiver, and physician.3,19,25 Differ-
ent criteria have been used for determining dosing
interval duration across studies.3,4,7–9,15,16,19,24–26 Fur-

ther research is required to understand the optimal
disease activity criteria for determining dosing
intervals.

Key words: disease activity, dosing, intraretinal
fluid, neovascular age-related macular degeneration,
retinal thickness, subretinal fluid, subretinal pigment
epithelium fluid, visual acuity.
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