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Efficacy, safety, and treatment burden of treat-and-extend
versus alternative anti-VEGF regimens for nAMD: a systematic
review and meta-analysis
Daniel Rosenberg1, Deven M. Deonarain2, Jonah Gould1, Amirthan Sothivannan 1, Mark R. Phillips3, Gurkaran S. Sarohia 4,
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This study aimed to compare efficacy and treatment burden of treat-and-extend (T&E) anti-VEGF against fixed and pro re nata (PRN)
regimens for neovascular age-related macular degeneration (nAMD). MEDLINE, CENTRAL, and EMBASE were searched. Randomized-
controlled trials and observational studies comparing T&E to PRN or fixed dosing for treatment-naiv̈e AMD patients were included.
Mean difference (MD) for visual acuity (VA) and number of injections are presented. Risk of bias was assessed according to
Cochrane guidelines. Methodology was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). VA improvement was similar with T&E and fixed dosing at one (MD −0.08 letters, p= 0.95) and two years
(MD 0.58 letters, p= 0.62). In contrast, VA improvements were significantly greater for T&E when compared against a PRN regimen
at one (MD 3.95 letters, p < 0.0001) and two years (MD 4.08 letters, p < 0.001). Significantly fewer ranibizumab injections were
administered in the T&E arm at one (MD –2.42 injections, p < 0.0001) and two years (MD –6.06 injections, p < 0.00001) relative to
fixed dosing. Fewer aflibercept injections were likewise administered to patients on a T&E regimen versus fixed dosing at one year
(MD –0.78 injections, p < 0.0001). Low-certainty evidence from the present synthesis implies that T&E preserves VA similar to fixed
schedules with significantly fewer injections at one and two years. Also, patients with T&E dosing achieved better VA outcomes
than those on PRN regimen but T&E dosing was associated with more injections.

Eye (2023) 37:6–16; https://doi.org/10.1038/s41433-022-02020-7

INTRODUCTION
The development of anti-vascular endothelial growth factor (anti-
VEGF) agents represented a dramatic breakthrough in the
treatment of neovascular age-related macular degeneration
(nAMD). Fixed monthly treatment was the first approved dosing
regimen for anti-VEGF treatment based on the results of
numerous pivotal phase III clinical trials [1–3]. Repeated monthly
injections, however, can place a substantial financial, emotional,
and psychological burden on the patient, family and doctor [4].
To address this challenge, subsequent investigations have

focused on the development of individualized regimens to
minimize injection frequency while still achieving favorable visual
outcomes. The pro re nata (PRN) approach, for instance, involves
treatment with three monthly loading phase injections, followed
by maintenance therapy triggered by functional and/or anatomi-
cal signs of disease activity [5]. The real-life outcome and longer-

term performance of PRN dosing, however, has been disappoint-
ing. Multiple phase III trials have demonstrated good visual
outcomes with PRN dosing when patients are monitored monthly
but consistently showed loss of visual acuity (VA) gains in patients
receiving PRN medication for prolonged periods in excess of
12 months, when monitoring was less frequent [6–8].
The treat-and-extend (T&E) paradigm was developed to address

the shortcomings associated with fixed and PRN regimens,
whereby patients receive fixed monthly injections until clinical
remission, followed by a stepwise increase or decrease in
treatment intervals based on the presence or absence of
continued remission [4, 9–11]. Unlike other treatment protocols,
T&E eliminates the need for monthly assessment. Moreover, T&E
regimens attempt to treat patients just prior to the development
of disease activity or fluid accumulation by determining the
patient-specific interval of recurrence, in contrast to the PRN
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regimen, wherein treatment is applied only in response to clinical
worsening [4, 5].
In recent years, T&E has undergone widespread adoption, with

a survey of retinal surgeons in the United States indicating that
this dosing regimen was their preferred strategy for treatment of
nAMD [12]. Limited evidence, however, exists to support the long-
term use of T&E over other anti-VEGF treatment regimens. To date,
the findings of pairwise meta-analyses comparing T&E to fixed
dosing have largely been powered by two large RCTs with
opposing trends with regard to visual acuity improvement
[10, 11, 13–16]. Moreover, various network meta-analyses compar-
ing T&E and PRN regimens have led to conflicting conclusions,
and none to date have investigated long-term outcomes beyond
one year [17, 18]. There likewise remains a dearth of syntheses
investigating the relative efficacy of T&E to PRN therapy. While a
recent Cochrane review published by Li et al. provides a broad
overview of randomized trial data on various injection regimens,
the authors pooled PRN and T&E arms together in an effort to
compare “flexible” regimens to “fixed” dosing schedules, and did
not account for the proliferation of observational studies
comparing T&E to alternative treatment regimens through
12 months and beyond [19]. Moreover, the recent release of
comprehensive data from two large multicentre clinical trials
further necessitate a holistic reappraisal of the literature in support
of T&E therapy [20, 21]. For these reasons, we performed a
systematic review and meta-analysis of RCTs and observational
studies to compare the efficacy and safety of T&E anti-VEGF
therapy against PRN and fixed dosing for treatment of nAMD at 1
and 2 years.

METHODS
The authors conducted this systematic review and meta-analysis
in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (http://www.prisma-statement.org;
accessed December 29th, 2020) (Supplementary Fig. S1). The
authors prospectively registered the study protocol PROSPERO
(CRD42020205249) and received no funding for the present
synthesis.

Literature search
On July 15th, 2020, the authors conducted a systematic search to
capture references on MEDLINE, EMBASE, and CENTRAL published
from 2004 onward. This date was chosen as it reflects the year in
which anti-VEGF agents were first approved for the treatment of
nAMD [22]. The sensitive search strategy was devised in
collaboration with an academic research librarian and involved
MeSH headings and text terms to identify studies assessing for the
efficacy of anti-VEGF dosing strategies for treatment of AMD, as
illustrated in Supplementary Table S1. To aid in analysis, we
applied a filter to restrict the systematic search to studies
performed on human subjects. Citations from previous systematic
reviews were likewise referenced to ensure the identification of all
eligible studies. Captured citations were deduplicated using
Mendeley software and subsequently exported to Covidence for
further screening.

Selection process
Two independent reviewers (DD, or FD, or JG, or AS) performed a
comprehensive title and abstract screen, selecting for comparative
studies involving treat-and-extend anti-VEGF therapy for treat-
ment of AMD. The full text was consulted for all potentially eligible
citations identified through the title and abstract screen, to select
for studies which directly compared treat-and-extend anti-VEGF
monotherapy to either PRN or fixed regimens. To control for the
differential effect of various anti-VEGF agents, only comparisons
using the same drug were included. As prior AMD treatment may
modulate response to further therapy, only studies enrolling

treatment-naiv̈e patients were considered. Comparisons involving
“off-label” use of anti-VEGF agents (e.g., bimonthly ranibizumab,
bevacizumab) were excluded from further assessment to provide
a comparison between T&E schedules and anti-VEGF dosing
regimens approved for use on nAMD patients. Thus, our synthesis
focused on comparisons involving 0.5 mg ranibizumab adminis-
tered on a T&E, PRN, or fixed monthly regimen, and 2mg
aflibercept administered on a T&E, PRN, or fixed bimonthly dosing
regimen. To assess for long-term safety and efficacy of anti-VEGF
treatment in accordance with the previous meta-analysis pub-
lished by Okada et al, eligible studies had to follow patients for a
minimum period of 48 weeks, with reporting of baseline and
change in visual acuity as an outcome measure [13]. To aid in
study interpretation and risk of bias assessment, only reports
published in English were included in the present review. Brief
correspondences and conference abstracts were considered
alongside outcomes reported in full-length, peer-reviewed pub-
lications. Information from the study protocol was likewise
consulted, when available, from trial registries including Clinical-
Trials.gov.

Outcomes and extraction
Two independent reviewers (DD, JG, or AS) transferred all relevant
data from each study to a predefined, pilot-tested extraction
sheet, designed in Microsoft Excel. A third arbitrator (DR) resolved
discordance between authors. Pertinent details included study
methodology, country of origin, subject eligibility criteria, sample
size, intervention time, and length of clinical follow-up. Funding
sources were likewise recorded.
The primary outcome of the present synthesis was change in

best-corrected visual acuity at 12 months. Additional outcomes
included change in BCVA at 24 months, change in retinal
thickness at 12 and 24 months, number of intravitreal injections
received at 12 and 24 months, frequency of serious ocular adverse
events at 12 and 24 months, as well as the results of any patient-
reported outcome. For quantitative synthesis, serious adverse
events were included when referred to specifically as “serious
ocular adverse events” by the study author. In the absence of
specific phraseology, we considered the presence of endophthal-
mitis, vitreous opacity or hemorrhage, vision-threatening recur-
rence, retinal/epithelial tear, significant rise in intraocular pressure
(IOP), and uveitis as serious ocular adverse events of interest. The
proportion of patients achieving at least a 15 ETDRS letter
improvement at 12- and 24-months follow-up was also collected.

Missing data
In the event of missing or unclear reporting of data, we contacted
the corresponding author to obtain clarification. In the absence of
important summary data, we performed our analysis based on the
data as reported. It was assumed that all patient data were
completely missing at random. Precision estimates were imputed
according to Cochrane Collaboration recommendations when
necessary [23].

Risk of bias
Two assessors (DR, DD) performed risk of bias assessment in
accordance with the revised Cochrane Risk of Bias tool and The
Risk of Bias in Non-Randomized Studies – of Interventions
(ROBINS-I) framework for outcomes derived from RCTs and
observational studies, respectively. The effect of assignment to
interventions at baseline were assessed for all outcomes.

Synthesis and analysis
Risk ratios and 95% confidence intervals (CI) described summary
measures for dichotomous variables, which included frequency of
adverse events, and gain of 15 or more ETDRS letters. Mean
differences and 95% CI described summary measures for
continuous variables, which included mean BCVA improvement,
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treatment frequency, and change in retinal thickness. Pooled
mean estimates were calculating by random-effects meta-analysis
for all outcomes. All analyses were performed using RevMan
5.3 software.
Statistical heterogeneity was assessed to determine suitability

of each meta-analysis. Chi-square analyses resulting in a p-value
below 0.10 were considered an indicator of statistically significant
heterogeneity. The I2 statistic was used to interpret the magnitude
of heterogeneity. In accordance with Cochrane Collaboration
guidelines, I2 values of 75–100% represented considerable
heterogeneity. In the presence of considerable unexplained
heterogeneity, we deferred meta-analysis in favor of narrative
synthesis. One-study-removed sensitivity analyses were performed
for all outcomes, wherein effect size is recalculated after removal
of one study at a time, for every study included in a given
synthesis.

RESULTS
Selection of studies
We identified 9540 references in our systematic search. Following
removal of duplicates, 6401 unique references were assessed. 85
records were identified as having involved a T&E protocol for
treatment of AMD during the title and abstract screen, but only 33
reports met full eligibility criteria for inclusion (Supplementary
Fig. S2). We removed 27 reports as they did not directly compare a
clearly defined fixed or PRN regimen to a treat-and-extend
regimen that involved an initial loading phase and subsequent
maintenance phase. An additional 8 reports were excluded due to
prior treatment of AMD in enrolled patients, four studies were
excluded due to insufficient follow-up or change in group
assignment prior to 48 weeks, and 3 used “off label” anti-VEGF
treatment or compared the efficacy of T&E with one drug to fixed
or PRN dosing with a different anti-VEGF agent. Finally, an
additional 10 references were removed as they presented no
outcomes relevant for extraction in the present synthesis.
The 33 relevant reports included 11 conference abstracts, 19

full-length publications, and 3 clinical trial registrations corre-
sponding to 6 unique RCTs and 5 retrospective comparative
studies. An additional 3 registrations were manually retrieved from
ClinicalTrials.gov, the EU Clinical Trials Register, and the UMIN
Clinical Trials Registry. Of these, 10 conference abstracts and one
full-length publication listed interim study data or sub-analyses
that were redundant to the primary publication. In total, 15 full-
length manuscripts, one conference abstract, and six trial registries
were consulted for extraction.

Characteristics of included studies
Of the six included trials, three compared 0.5 mg ranibizumab
administered on T&E and monthly dosing regimens (Table 1). The
TREX-AMD trial was conducted at two American centers, wherein
60 patients were randomized 1:2 to monthly or T&E therapy, and
subsequently followed for 2 years. Patients assigned to monthly
treatment, as well as patients achieving a 12-week T&E extension
interval, were subsequently transitioned to a PRN regimen and
followed for one additional year. Similarly, the CANTREAT study
involved 1:1 randomization of 526 patients to 0.5 mg ranibizumab
on monthly or T&E schedules, with follow-up extending to
24 months. The TREND trial likewise involved recruitment of 650
patients randomly assigned to two monthly or T&E dosing of 0.5
mg ranibizumab, with 12 months of follow-up.
Two trials involved administration of 2 mg aflibercept. ARIES

was a multicentre trial comparing a traditional T&E protocol
against a “late-start T&E” arm wherein a 3-month loading phase
was followed by bimonthly aflibercept up to week 48, followed by
T&E aflibercept through to study completion at 24 months. The
present synthesis involved extraction of 1-year ARIES data
available on clinical trial registries, as this represents a direct

comparison between T&E and bimonthly aflibercept. By year 2,
both arms in the ARIES trial followed a T&E regimen. As such,
2-year data for ARIES was not considered.
A recent study by Haga et al. likewise randomized 41 patients to

bimonthly and T&E aflibercept in a Japanese population. Crucially,
their patient population comprised a variety of diagnoses,
including polypoidal choroidal vasculopathy and retinal angioma-
tous proliferation in addition to more typical presentations of
AMD. We elected to retain this study for quantitative assessment
as it did not significantly increase heterogeneity or adversely
influence size, direction, or significance of measured effect for any
outcome in sensitivity analysis.
Finally, one trial randomly assigned 104, 99, and 102 eyes to

receive T&E, PRN, and bimonthly ranibizumab respectively. We did
not extract data for bimonthly ranibizumab as this regimen
represents a significant deviation from standard practice.
The five observational studies included in the present synthesis

investigated T&E versus PRN ranibizumab, with a combined total
of 426 and 644 eyes reporting visual acuity outcomes with at least
12 months of follow-up, respectively. The observational study by
Augsburger et al. also included a T&E aflibercept arm, but this data
was not extracted due to absence of a PRN or fixed aflibercept
comparator.

Visual acuity
T&E vs fixed: TREND, TREX-AMD, and CANTREAT each reported
visual acuity outcomes following 12 months of T&E and monthly
ranibizumab. The ARIES trial, as well as the recently published RCT
by Haga et al, likewise compared T&E versus fixed bimonthly
dosing of aflibercept at one year (Fig. 1, Analysis 1.1). Taking
together all comparisons of T&E versus fixed anti-VEGF regimens,
the present analysis did not identify any significant difference
between arms with regard to visual acuity improvement at
12 months (5 studies, 743 eyes T&E, 725 eyes fixed; MD −0.08
letters, 95% CI −2.52–2.36, p= 0.95, I2= 69%). Notably, sensitivity
analysis with removal of the CANTREAT trial revealed a significant
effect of 1.64 letters in favor of fixed dosing (Supplementary
Fig. S3, Analysis 1.1).
Subgroup analyses stratified by anti-VEGF agent yielded similar

results, as demonstrated in Figure Analyses 1.1.1 and 1.1.2. Among
trials comparing T&E to fixed aflibercept (Haga et al, ARIES), visual
acuity gain at one year did not differ significantly between arms
(2 studies, 127 eyes T&E, 124 eyes fixed; MD −1.39 letters, 95% CI
−5.52–2.73, p= 0.51, I2= 26%). While similar trends were
observed among studies comparing T&E to fixed ranibizumab
(CANTREAT, TREND, TREX-AMD), significant heterogeneity pre-
cludes the presentation of quantitative synthesis.
The TREX-AMD and CANTREAT trials likewise reported BCVA

results out to 24 months, as outlined in Fig. 1, Analysis 1.2. No
significant differences were observed (2 studies, 260 eyes T&E, 249
eyes fixed; MD 0.58 letters, 95% CI −1.74–2.90, p= 0.62, I2= 0%).
Differences in retreatment criteria and length of the loading

phase may have contributed, in part, to the heterogeneity and
fragility of this outcome. For instance, CANTREAT and TREX-AMD
involved administration of 3 loading doses prior to the extension
phase, whereas investigators in the TREND study only injected
patients twice prior to initiation of their T&E protocol. Accordingly,
both TREX-AMD and CANTREAT revealed a non-significant
difference in BCVA change favouring treat-and-extend, whereas
the TREND study demonstrated the reverse – after 12 months, the
T&E arm gained 6.2 (SD 12.5) letters, whereas the monthly arm
gained 8.1 (SD 12.6) letters.
The proportion of patients gaining 15 or more ETDRS letters was

also similar between groups (Fig. 1, Analyses 1.3 and 1.4) without
any significant difference between T&E and fixed anti-VEGF
treatment at one (5 studies, 726 eyes T&E, 706 eyes fixed; OR
1.06, 95% CI 0.76–1.48, p= 0.74, I2= 32%) and two years (2 studies,
277 eyes T&E, 249 eyes fixed; OR 1.18, 95% CI 0.79–1.76, p= 0.79,
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I2= 0%). Specifically, 183 of 726 (25.2%) T&E eyes and 170 of 706
(24.1%) fixed monthly eyes included in the present analysis
achieved a BCVA gain of at least 15 letters at one year. By year
two, 72 of 277 (26.0%) and 57 of 249 (22.9%) T&E and fixed
monthly eyes had gained at least 15 letters, respectively. In
contrast to assessment of VA improvement as a continuous
variable, these findings were robust to sensitivity analysis
(Supplementary Fig. S3, Analyses 1.3 and 1.4).

T&E vs PRN: In contrast to comparisons with fixed dosing, meta-
analysis revealed a significant effect in favor of T&E with regard to
BCVA improvement at 12 months, as demonstrated in Fig. 1,

Analysis 2.1 (6 studies, 525 eyes T&E, 748 eyes PRN; MD 3.95
letters, 95% CI 2.13–5.77, p < 0.0001, I2= 40%). This finding was
consistent across numerous studies, with the exception of an RCT
conducted by Lopez-Galves et al. and an observational study by
Garweg et al. in which no significant difference between
treatment arms was identified. One-study-removed sensitivity
analysis yielded no meaningful changes with regard to effect size,
direction, or significance of the present synthesis (Supplementary
Fig. S3, Analysis 2).
Two observational studies reported BCVA results at 24 months

(Fig. 1, Analysis 2.2). The BCVA gains observed at year 1 were
preserved at year 2, with a modest effect in favor of T&E

Fig. 1 Forest plots for visual, anatomical, treatment burden, and adverse event outcomes compared between T&E and alternative anti-
VEGF dosing regimens. Forest plots are presented for all meta-analyses, including visual, anatomical, treatment burden, and adverse events
compared between T&E and alternative dosing regimens. Funnel plots or other tests of publication bias were deferred due to the low number
of included studies. T&E treat-and-extend, VEGF vascular endothelial growth-factor agent, PRN pro-re-nata.
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ranibizumab over PRN dosing (2 studies, 85 eyes T&E, 187 eyes
PRN; MD 4.08 letters, 95% CI 1.67–6.49, p < 0.001, I2= 0%).
The RCT conducted Lopez-Galves et al. was the only study to

report the proportion of patients achieving an additional 15 or
more ETDRS letters at month 12 and demonstrated such gains in
23.9% and 31.6% of T&E and PRN patients, respectively. However,
no significant difference between arms was identified (p= 0.473).

Retinal thickness
T&E vs monthly: Change in retinal thickness after fixed and T&E
ranibizumab was reported in TREND and TREX-AMD, whereas
retinal thickness with aflibercept was reported in ARIES and in the
study conducted by Haga et al. (Fig. 1, Analysis 3.1). Meta-analysis

revealed no significant difference between arms with respect to
retinal thickness change at 12 months (4 studies, 446 eyes T&E,
430 eyes PRN: MD 5.10 um, 95% CI −1.79–24.00, p= 0.60, I2= 0%).
TREX-AMD was the only study to provide 2-year results, which
likewise suggested no or trivial difference between T&E and fixed
ranibizumab with respect to anatomical outcomes (p= 0.99). All
findings were robust to sensitivity analysis (Supplementary Fig. S3,
Analysis 3).

T&E vs PRN: Two observational studies and one RCT reported
change in retinal thickness after 12 months of PRN versus T&E
ranibizumab therapy. Garweg et al. and Lopez-Galves et al. both
observed significant declines in retinal thickness among T&E and

Fig. 1 (Continued)
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PRN patients during the loading phase, which were subsequently
maintained through to month 12. Hatz et al. likewise observed a
rapid decrease in retinal thickness following 3 months of
ranibizumab therapy. The results reported by Hatz et al., however,
were not maintained in the PRN arm, such that by month 12, a
statistically significant mean difference of 58 um was observed in
favor of T&E. Meta-analysis failed to identify a significant

difference between treatment regimens (3 studies, 180 eyes
T&E, 211 eyes PRN; MD −12.03 um, 95% CI −62.69–38.62, p= 0.64,
I2= 70%), albeit with considerable heterogeneity (Fig. 1, Analysis
4.1). Only Garweg et al. provided 2-year data for retinal thickness,
demonstrating no significant difference between arms (p= 0.73).
These findings were unchanged with one-study-removed sensi-
tivity analysis (Supplementary Fig. S3, Analysis 4).

Fig. 1 (Continued)

D. Rosenberg et al.

12

Eye (2023) 37:6 – 16



Number of injections
T&E vs monthly: A total of 3 RCTs comparing T&E and monthly
ranibizumab, and 2 RCTs comparing T&E and bimonthly aflibercept,
provided relevant data. Notably, reports on CANTREAT and TREX-
AMD failed to present relevant precision estimates. We thus imputed
precision estimates from the TREND trial and applied them to the
findings from CANTREAT and TREX-AMD to enable quantitative
synthesis in accordance with Cochrane recommendations.
As expected, significant heterogeneity was observed upon

synthesis of studies comparing monthly to T&E ranibizumab, and
trials assessing bimonthly to T&E aflibercept (I2= 96%). Stratifica-
tion of results by use of aflibercept (2 studies, 127 eyes T&E, 124
eyes PRN; MD –0.78 injections, 95% CI −1.14 to −0.42, p < 0.0001,
I2= 53%) or ranibizumab (3 studies, 628 eyes T&E, 604 eyes PRN;
MD –2.42 injections, 95% CI −2.71 to −2.14, p < 0.0001, I2= 0%)
resolved this heterogeneity, and thereby demonstrated a sig-
nificant reduction in number of injections following a T&E regimen
versus fixed dosing regardless of anti-VEGF agent used (Fig. 1,
Analysis 5.1).
Only CANTREAT and TREX-AMD presented the number of

injections received at 24 months. As was done for our 12-month
synthesis, we imputed SDs from another study presenting 2-year
injection outcomes to permit quantitative synthesis (Fig. 1,
Analysis 5.2). At two years, meta-analysis demonstrated a mean
difference of (2 studies, 267 eyes T&E, 249 eyes PRN; MD –6.06
injections, 95% CI −6.79 to −5.34, p < 0.00001, I2= 17%) injections
in favor of T&E. All findings in the present synthesis were robust to
sensitivity analysis (Supplementary Fig. S3, Analysis 5).

T&E vs PRN: One RCT and four observational studies reported
the outcome of interest. All included studies consistently
demonstrated a significantly greater number of injections with
T&E relative to PRN, as outlined in Table 2. Significant
heterogeneity was observed for this outcome, precluding meta-
analysis. Only one study compared number of injections at two
years, demonstrating significantly fewer injections for patients
receiving therapy on a PRN basis versus T&E, in keeping with data
presented at twelve months. (p= 0.002).

Serious ocular adverse events
T&E vs monthly: In the TREND trial, 1.2% of patients in both
monthly and T&E arms developed a serious ocular adverse event
through to month 12. Notably, one case of endophthalmitis was
observed in the monthly treatment group, whereas retinal
detachment developed in a single patient randomized to T&E
dosing.
In the TREX-AMD trial, two patients experienced serious ocular

adverse events in the T&E arm, including progression of macular
atrophy and pigment epithelial tear. In contrast, no adverse events
were observed in the fixed ranibizumab arm at 12 months. After
24-months of the TREX-AMD trial, a total 5 serious ocular events

(13%) had developed among T&E eyes, with none recorded for the
monthly cohort. At 36 months, those figures rose to 2 (10%) and 6
(15%) for monthly and T&E arms respectively.
The CANTREAT trial presented the frequency of study with-

drawal secondary to any adverse event, not stratified by severity
or relevance to the eye. Overall, 7 (1.7%) monthly and 2 (0.7%) T&E
patients withdrew due to an adverse event at 12 months. At
24 months, 8 (2.7%) and 4 (1.4%) patients had withdrawn from
monthly and T&E treatment arms respectively. A sub-study
assessing for significant IOP elevation likewise found that a
similarly low proportion of patients experienced an IOP rise
greater or equal to 15mmHg in the T&E (1%) and monthly cohorts
(1.1%).
The ARIES trial found the proportion of patients developing

serious ocular adverse events at 1 year to be 0% among those in
the T&E, and 2.2% among those on a fixed 2q8 aflibercept
regimen. Unfortunately, no safety data was reported for the RCT
conducted by Haga et al.
Quantitative synthesis of studies reporting serious ocular

adverse events suggests no or trivial difference between fixed
and T&E paradigms with respect to development of adverse
events at one year (3 studies, 498 eyes T&E, 482 eyes PRN; OR 0.85,
95% CI 0.26 to 2.80, p= 0.79, I2= 1%), as outlined in Fig. 1,
Analysis 6.1. No changes in effect were observed through
sensitivity analysis (Supplementary Fig. S3, Analysis 6).

T&E vs PRN: One RCT and two observational studies reported
on the relative frequency of serious ocular adverse events
experienced by patients assigned to T&E and PRN regimens.
In the retrospective assessment conducted by Hatz et al, vision-
threatening recurrence or hemorrhage was observed in 23 of
70 patients (32.9%) assigned to PRN treatment, with no ocular
events noted in the T&E cohort. Oubraham et al. likewise
reported the development of severe hemorrhage in two patients
assigned to PRN treatment, with no serious ocular events
recorded among those assigned to T&E ranibizumab. While
Lopez-Galves et al. presented data on adverse events after
one year of anti-VEGF therapy, the relative frequency of serious
ocular adverse events was not formally defined or presented.
As such, we tallied the frequency with which the study
authors recorded the development of endophthalmitis, retinal
hemorrhage, retinal tear, pigment epithelial tear, uveitis,
vitreous hemorrhage, and increased IOP among patients
assigned to T&E and PRN paradigms. In total, 8 of the
aforementioned serious ocular adverse events were recorded
among 98 patients randomized to the T&E arm, and 9 were
recorded from 104 patients receiving PRN treatment – it remains
unclear, however, whether a smaller number of patients
experienced multiple concurrent adverse events, or if each
event developed in a unique patient. Given the considerable
differences in reporting of adverse events and significant

Table 2. Number of injections at 1 year compared between T&E and PRN anti-VEGF dosing regimens.

T&E PRN Mean difference

Study Mean SD N Mean SD N IV, Random, 95% CI

Aurell et al. (2018) 10.2 2.1 180 6.3 2.1 176 3.90 (3.46, 4.34)

Garweg et al. (2017) 6.8 2.4 39 5.5 2 68 1.30 [0.41, 2.19]

Hatz et al. (2016) 8.6 1.9 70 6 1.9 70 2.60 [1.97, 3.23]

Lopez-Galves et al. (2020) 9.3 2 98 7.4 3.4 104 1.90 [1.14, 2.66]

Oubraham et al. (2011) 7.8 1.3 38 5.2 1.9 52 2.60 [1.94, 3.26]

The present table demonstrates a consistent effect towards reduced treatment frequencyamong PRN eyes. Meta-analysis was not possible due to significant
heterogeneity among included studies.
T&E treat-and-extend, PRN pro re nata, VEGF anti-vascular endothelial growth factor.
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heterogeneity in results among the included studies, meta-
analysis was deferred.
Quality of Life: The TREND trial assessed patient quality of life

with the VFQ-25 questionnaire and found a mean increase of 2.3
points (SD 13.93) and 4 points (SD 13.72) on a 100-point scale after
12 months of T&E and fixed monthly ranibizumab, respectively.
Lopez-Galvez assessed for change in quality of life from baseline
through the “VFL-25” survey and found modest improvements
from 76.1 (SD16.2) to 77.5 (SD 17.9) after 12 months of T&E
ranibizumab, and from 73.9 (SD 18.4) to 76.6 (SD 18.9) for those on
a PRN regimen, measured on a similar 100-point scale. These
findings were not statistically significant. Meta-analysis was
deferred as no two studies used the same patient-reported
outcome.

Risk of bias
RCTs: Details with regard to risk of bias assessment are illustrated
in Supplementary Fig. S4. At least one domain was found to be at
a “high” risk of bias for all included trials, primarily related to the
nature of administering anti-VEGF injections regimens which
precludes masking of participants and personnel. Risk of bias
related to random sequence generation was likewise rated as
unclear for three trials. Insufficient information with regard to
allocation concealment was noted for two RCTs, and all trials failed
to adequately disclose methodology for masking of outcome
assessment. Significant attrition bias was noted among three trials,
and one study was rated at high risk of bias for failure to report
adverse events, despite its role as a core outcome measure in
clinical trials.

Observational studies: In addition to the biases inherent with
included observational studies, such as their retrospective nature
and relatively small sample sizes, a number of additional sources
of significant bias were identified (Supplementary Fig. S4). Of five
included observational studies, four assessed PRN and T&E
patients from different time periods. Advancements in imaging
technology and understanding of disease over time thus place
these studies at significant risk of confounding bias. Various
included studies were likewise at moderate to severe risk of
selection bias, attrition bias, and deviation from the intended
protocol, as large variations in follow-up visits in the PRN arm
indicated that numerous assessment visits were missed.

DISCUSSION
The present synthesis assesses the efficacy, safety, and treatment
burden of T&E aflibercept and ranibizumab compared against
alternative dosing regimens. While previous meta-analyses have
sought to address this topic, none to date have included data
from the ARIES trial, and none since the initial pairwise meta-
analysis by Okada et al. have sought to include the results from
both RCTs and real-world observational studies [10, 11, 13–18].
Four new RCTs, and three additional observational studies have
since been published, representing a meaningful expansion of
literature involving direct head-to-head anti-VEGF dosing strategy
comparisons [21, 24–29].
Taken together, the current findings affirm the noninferiority of

T&E compared to fixed anti-VEGF treatment based on the largest
pairwise sample of nAMD patients to date. The pooled difference
in BCVA ranged from 0.08 to 0.58 letters at one and two years
respectively, reflecting a clinically insignificant difference between
arms which remained consistent irrespective of anti-VEGF agent
used. Notably, T&E treatment was able to achieve efficacy
comparable to fixed dosing while exerting significantly lower
treatment burden – pooled analysis revealed that T&E dosing led
to a reduction of 0.78 and 2.42 injections over a one-year period
when compared against fixed aflibercept and ranibizumab
respectively. At two years, 6.06 fewer injections of ranibizumab

were required in the T&E arm to achieve efficacy comparable to
monthly treatment. These results align closely with an Australian
database study, wherein patients treated on a T&E regimen were
matched to patients enrolled in the Phase III Minimally Classic/
Occult Trial of the Anti-VEGF Antibody Ranibizumab study [30]. In
that analysis, fewer injections were administered in patients
receiving T&E treatment while visual acuity gains comparable to
those assigned to fixed ranibizumab were maintained. Our
synthesis also expands on the work of Fallico et al., who recently
completed a meta-analysis of four trials, and likewise concluded
that T&E regimens can successfully preserve vision in nAMD
patients while exerting significantly lower treatment burden than
fixed dosing schedules [14]. With the inclusion of recently
published ARIES results, our study presents, for the first time, a
pairwise synthesis of multiple trials comparing T&E to fixed
bimonthly aflibercept [21]. In doing so, we add to the growing
consensus in support of T&E anti-VEGF regimens for the treatment
of nAMD.
Patients with T&E dosing achieved better visual acuity out-

comes relative to PRN regimen. At one year, patients receiving T&E
gained an additional 3.95 letters over their PRN counterparts. This
difference grew to 4.08 letters at two years, suggesting a
persistent visual acuity advantage in favor of T&E. While our
findings corroborate those of previous meta-analyses published
by Okada et al, and more recently by Ye et al., they contradict a
recent network meta-analysis of RCTs published by Garmo et al.,
which found no meaningful difference in visual outcomes for
patients receiving ranibizumab PRN relative to any other anti-
VEGF injection regimen [13, 17, 18].
Notably, the efficacy of PRN as observed in numerous RCTs has

failed to translate to real-world assessments. For instance, in the
PrONTO trial, study investigators recorded 99.1% patient atten-
dance at their scheduled monthly visits, and likewise noted
impressive visual acuity gains of 9.3 letters after one year, and 11.1
letters after 2 years [5]. In contrast, BCVA improvement among the
observational studies included in the present synthesis ranged
from 0.7 to 5.0 letters at one year, and from −3.7 to 4.5 letters
after two years of PRN treatment. Oubraham et al. likewise found
that patients in the PRN arm were only examined 8.8 times per
year instead of 12 times as would be expected on a PRN regimen,
again highlighting the lack of monthly assessments [26].
Differences in patient compliance between RCTs and real-world
assessments might explain, in part, the discordance between our
findings and those of Garmo et al., whose meta-analysis was
powered exclusively by data extracted from landmark RCTs. CATT
and other trials have needed monthly assessments for PRN arm
which is not feasible in real life. Further, it has previously been
reasoned that clinic attendance for retinal monitoring, rather than
for a guaranteed injection, may be less rewarding for patients [13].
A number of studies suggest a physiological basis for the

superiority of T&E and monthly regimens relative to PRN. Post-hoc
analyses of the CATT, HARBOR, and IVAN trials demonstrate a
trend toward poorer visual outcomes in eyes subject to greater
fluctuations in retinal thickness following anti-VEGF therapy
[31, 32]. As PRN regimens only involve retreatment upon the
presence of disease activity, it is possible that such reactive
regimens may predisposing patients to greater fluctuations in
retinal thickness relative to alternative, proactive dosing schedules
such as T&E.
Recent investigations have also sought to further refine the T&E

paradigm by comparing 2- versus 4-week extension intervals, and
retreatment criteria that permit residual subretinal fluid in the
absence of intraretinal fluid or other signs of disease activity
[33, 34]. Such innovations might serve to further reduce the
treatment burden of the T&E paradigm relative to alternative
regimens.
Despite a growing number of head-to-head comparisons, the low

number of studies collecting long-term safety and efficacy outcomes
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beyond one year remain a crucial weakness of the field. In the
present review, only two eligible RCTs and two observational studies
compared visual acuity results at 24 months. Further limitations
include heterogeneity among the included studies precluding the
synthesis of numerous outcomes. In particular, we observed marked
variability in the reporting quality of adverse events across
numerous RCTs and observational studies, necessitating a standar-
dized method for the communication of safety outcomes in trials
assessing anti-VEGF agents. Finally, our search strategy was limited
only to publications in English to enable accurate data extraction
and comprehensive risk of bias assessment. It is therefore possible
that a small number of non-English studies were missed in the
present review.

CONCLUSION
The present review suggests that at 12 and 24 months, T&E
therapy preserves visual acuity similar to fixed schedules while
exerting significantly lower treatment burden, regardless of anti-
VEGF agent used. Additionally, T&E was found to deliver superior
visual acuity outcomes relative to PRN at one or two years.

Summary
What is known about this topic

● Various treatment paradigms for management of neovascular
age-related macular degeneration (nAMD) with anti-VEGF
agents are routinely used in clinical practice including PRN
treatment, fixed dosing and treat-and-extend.

● Individual clinical trials have provided increasingly robust
evidence for the efficacy, safety and treatment burden for a
pro-active T&E paradigm for nAMD management with anti-
VEGF agents.

What this study adds

● This study provides the largest evidence synthesis to date in
terms of efficacy and treatment burden of T&E versus fixed
dosing and PRN paradigm in management of nAMD.

● The effect size estimates demonstrate that T&E is non-inferior
to gold standard fixed dosing regimens while reducing
treatment burden at month 12 and 24.

● In addition, T&E resulted in statistically superior visual
outcomes relative to PRN paradigm at month 12 and 24.
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