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e PURPOSE: To prospectively evaluate a treat and extend
algorithm of ranibizumab with and without navigated
laser to monthly dosing for center-involving diabetic mac-
ular edema.

e DESIGN: This was a multicenter, randomized, clinical
trial.

e METHODS: One hundred fifty eyes were randomized
into 3 cohorts: monthly (n = 30), treat and extend
without laser photocoagulation (TREX; n = 60), and
treat and extend with angiography-guided laser photoco-
agulation (GILA; n = 60). Monthly cohort eyes received
ranibizumab 0.3 mg every 4 weeks. TREX and GILA
cohort eyes received 4 monthly injections of ranibizumab
0.3 mg followed by a treat and extend dosing strategy.
GILA cohort eyes also received navigated focal laser at
month 1 and again every 3 months as needed. The pri-
mary outcomes included the mean change in best-
corrected visual acuity and central retinal thickness and
the number of injections from baseline to 2 years.

e RESULTS: At 2 years, mean best-corrected visual acuity
and central retinal thickness improved by 7.5, 9.6, and 9.0
letters (P = .75) and 139, 140, and 175 pm (P = .09), in
the monthly, TREX, and GILA cohorts, respectively. The
mean number of injections was significantly reduced in
both the TREX (18.9) and GILA (17.5) cohorts
compared with the monthly cohort (24.7, P < .001).
Between the TREX and GILA cohorts, there was no
significant difference in the mean treatment interval,
mean maximal treatment interval, or percentage of eyes
extended to 12 weeks. The total 2-year incidence of
Anti-Platelet Trialists’ Collaboration events was 6.7%.

e CONCLUSION: The treat and extend algorithm of rani-
bizumab in the TREX-DME trial resulted in significantly
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fewer injections and yielded visual and anatomic gains
comparable to monthly dosing at 2 years. (Am ]
Ophthalmol 2019;202:91-99. © 2019 Elsevier Inc. All
rights reserved.)

UMEROUS CLINICAL TRIALS HAVE DEMON-

N strated the safety and effectiveness of consistent
dosing of anti—vascular endothelial growth factor
(anti-VEGF) medications for diabetic macular edema
(DME).""® While monthly dosing has shown to be
effective at reducing retinal thickness and improving
vision, the application of this approach in busy clinical
settings and in patients with complex comorbid
conditions can be challenging. A recent survey of retina
specialists suggested that the most frequent treatment
regimens of intravitreal anti-VEGF injections for retinal
vascular disease are either an as-needed or treat and extend
strategy.” The goal of treat and extend dosing is to titrate
the anti-VEGF dosing based on an individual’s clinical
response.' ! Decreasing the treatment burden while
providing clinically significant visual and anatomic
improvements is of paramount importance. A growing
emphasis has been placed on practice efficiency and cost
containment while maintaining optimal visual outcomes.
Individualized treat and extend dosing has not been
rigorously investigated for DME. To date, only a few clin-
ical trials have assessed the efficacy of this treatment
regimen for DME.'”""° The RETAIN (Efficacy and Safety
of Ranibizumab in Two “Treat and Extend” Treatment
Algorithms Versus Ranibizumab As Needed in Patients
With Macular Edema and Visual Impairment Secondary
to Diabetes Mellitus) trial used ranibizumab 0.5 mg and
the authors concluded that their treatment strategy was a
feasible approach for those with DME."” The REACT
(The Safety and Efficacy of Intravitreal Ranibizumab for
Diabetic Macular Edema Previously Treated with Intravi-
treal Bevacizumab: A Randomized Dual-Arm Comparative
Dosing Trial) trial, which studied patients with persistent
DME that was refractory to bevacizumab, showed that pa-
tients improved similarly with either monthly or treat and
extend regimens of ranibizumab.'’ The Treat and Extend
Protocol in Patients with Diabetic Macular Edema
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(TREX-DME), which used a unique treat and extend algo-
rithm, was the first prospective, randomized, controlled
trial using ranibizumab 0.3 mg (Lucentis 0.3 mg; Genen-
tech, South San Francisco, California, USA) in a treat
and extend fashion for DME."* Through 1 year in TREX-
DME, treat and extend dosing with and without navigated
laser significantly decreased the number of injections given
while providing similar visual and anatomic outcomes
compared to monthly dosing.'* The purpose of this article
is to investigate the long-term outcomes of treat and extend
dosing of ranibizumab with and without navigated laser for

DME in the TREX-DME trial.

METHODS

TREX-DME IS A PHASE I/lI, MULTICENTER, RANDOMIZED,
controlled clinical trial (US Food and Drug Administra-
tion Investigational New Drug 119146; Clinical Trials.gov
identifier NCT01934556)."* The study protocol and pro-
cedures were prospectively approved by a centralized insti-
tutional review board (Sterling IRB, Atlanta, Georgia,
USA) and conducted at 3 sites in the United States. All
study conduct adhered to the tenets of the Declaration of
Helsinki and was in compliance with the Health Insurance
Portability and Accountability Act. The TREX-DME
study methods were previously reported.'* Briefly, subjects
with center-involving DME and Early Treatment Diabetic
Retinopathy Study (ETDRS) best-corrected visual acuity
(BCVA) between 79-24 letters (20/25 to 20/320 Snellen
equivalent) were randomized by a computer algorithm in
a 1:2:2 fashion to receive either monthly dosing of ranibi-
zumab 0.3 mg for 2 years (monthly cohort; n = 30) or a
prespecified treat and extend dosing algorithm of ranibizu-
mab 0.3 mg without navigated focal laser (TREX cohort;
n = 60) or with navigated focal laser (GILA cohort;
n = 60). Eyes were excluded if they had received previous
intravitreal injections of anti-VEGF medications or corti-
costeroids within the previous 12 weeks or had any previous
focal macular laser photocoagulation treatment.

All study eyes received 0.05-mL intravitreal injections of
ranibizumab 0.3 mg administered monthly (28 * 7 days)
for 4 treatments, and those in the monthly cohort
continued to receive monthly treatments throughout the
first 2 years. At week 12, eyes in the TREX and GILA co-
horts were eligible to enter the treat and extend dosing
phase if the central retinal thickness (CRT) was
<325 wm. The CRT was defined as the average retinal
thickness of the central 1 mm around the fovea using
Heidelberg Spectralis spectral-domain optical coherence
tomography (SD-OCT; Heidelberg Engineering, Heidel-
berg, Germany). Eyes with CRT >325 wm at week
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12 continued monthly therapy until the CRT achieved
was <325 pm. When the study eye entered the treat and
extend phase (either at week 12 or when the CRT became
<325 um) the baseline CRT was recorded and used for
treatment interval determination from that point forward.
The treatment interval at each visit was extended by
2 weeks, maintained, or decreased by 2 weeks according
to the CRT at that visit compared with baseline.
Supplemental Figure 1 graphically outlines the treat and
extend algorithm used in TREX-DME (Supplemental Ma-
terial available at AJO.com). The treatment interval was
automatically reduced to 4 weeks if >15 letters were lost
because of DME. Study eyes were not allowed to extend
beyond 12 weeks in the first year of the study or beyond
16 weeks in the second year of the study.

Eyes in the GILA cohort also received angiography-
guided macular laser photocoagulation on the 532-nm
Navilas laser system (OD-OS GmbH, Teltow, Germany)
at week 4 and again every 3 months if microaneurysm
leakage was present on fluorescein angiography. All micro-
aneurysms identified on the fluorescein angiogram were
targeted using registered image overlays and the power
level was titrated so that a faint grey burn was visible. Laser
treatment was deferred if significant macular ischemia was
present or if the leaking microaneurysms were within or at
the edge of the foveal avascular zone.

The primary outcome measure was change in mean
ETDRS BCVA from baseline. Secondary outcome mea-
sures included mean change in CRT, total number of intra-
vitreal injections, percentage of patients gaining or losing
10 or 15 ETDRS letters at month 24, and the incidence
and severity of ocular and nonocular adverse events. The
total incidence of Anti-Platelet Trialists’ Collaboration
events was also measured.'®

Description of the statistical computations, including
power calculations, have been previously reported.'*
Briefly, the intention to treat principle was used in all an-
alyses. Statistical comparisons were performed with R soft-
ware (version 3.5.1; R Project for Statistical Computing,
www.r-project.org). Analysis of variance was used to
compare continuous outcomes and the x* or Fisher exact
test, as appropriate, was used to compare categorical out-
comes between the 3 arms of the study. For most analyses,
if a subject’s observation was missing the last observation
was carried forward, except in the case of number of visits
which was assumed to be worst case (every 4 weeks) for
incompletely observed follow-up time. As a sensitivity
analysis, multiple imputation using chained equations
was carried out for missing ETDRS and SD-OCT measure-
ments using a mixed effects linear model based on treat-
ment visit week (random slope and intercept) with arm
as a fixed effect. One hundred imputed datasets were
created with 10 iterations each.
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FIGURE 1. Locally weighted regression analysis for change in best-corrected visual acuity over time.

RESULTS

ONE HUNDRED FIFTY EYES WERE ENROLLED BETWEEN
November 2013 and April 2015. Baseline demographics
at screening were well balanced between the 3 cohorts."’
One hundred thirty-six eyes (91%) and 119 eyes (79%)
completed the 1-year and 2-year endpoint visits, respec-
tively. Supplemental Figure 2 shows a diagram of patient
flow through the first 2 years of the study (Supplemental
Material available at AJO.com). Sixteen subjects (21
eyes, 14%) were lost to follow-up and 2 subjects (2 eyes,
1%) withdrew consent before the 2-year endpoint. Baseline
demographics were well balanced between the groups and
previously reported.'*

e VISUAL ACUITY OUTCOMES: Overall, the BCVA gains
achieved at month 12 remained stable through the second
year (Figure 1). At month 24, mean BCVA improved from
baseline by 7.5, 9.6, and 9.0 letters in the monthly, TREX,
and GILA cohorts, respectively (P = .75). Visual acuity
gains were similar and there was no difference between
the cohorts when multiple imputations were performed to
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include eyes that did not reach the 2-year endpoint visit.
Table shows a summary of the visual and anatomic out-
comes as well as the number of injections per cohort.
Figure 1 shows a locally weighted regression analysis for
change in BCVA over time.

A similar number of eyes gained 1, 2, and 3 lines of vision
in each of the 3 cohorts. Of those who reached the 2-year
endpoint, 13 (52%) eyes in the monthly cohort, 28 (64%)
eyes in the TREX cohort, and 32 (64%) eyes in the GILA
cohort gained 1 line of vision. Similarly, 12 (48%) eyes in
the monthly cohort, 19 (43%) eyes in the TREX cohort,
and 22 (44%) eyes in the GILA cohort gained 2 lines of
vision. Six (24%) eyes in the monthly cohort, 12 (27%)
eyes in the TREX cohort, and 15 (30%) eyes in the
GILA cohort gained 3 lines of vision. More eyes in the
monthly cohort lost 1 and 2 lines of vision compared
with the other 2 cohorts, but these numbers were small.
Five (20%) eyes in the monthly cohort lost 1 line of vision
compared with 1 (2%) eye in the TREX cohort and 3 (6%)
eyes in the GILA cohort. Two (8%) eyes in the monthly
cohort lost 2 lines of vision compared with 1 (2%) eye in

the TREX cohort and no eyes in the GILA cohort. None
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TABLE. Summary of Mean Visual and Anatomic Outcomes and the Number of Intravitreal Injections Given in the 3 Study Cohorts

Cohort
Monthly (n = 30) TREX (n = 60) GILA (n = 60) P Value
ETDRS BCVA at screening (Snellen 65.1 (20/60) 64.1 (20/70) 65.1 (20/60) .88
equivalent)

Change in ETDRS BCVA (letters)

Month 12 8.6 9.6 9.5 .80

Month 24 75 9.6 9.0 .75

Month 24 (imputational analysis®) 8.6 10.3 10.1 .52
CRT at screening (um) 434 475 480 .31
Change in CRT (um)

Month 12 -123 —146 —166 A7

Month 24 -139 —140 -175 .09

Month 24 (imputational analysis®) -150 —159 —187 .30
No. of injections at month 12 13.1 10.7 10.1 <.001?
No. of injections at month 24 24.7 18.9 17.5 <.001¢

BCVA = best-corrected visual acuity; CRT = central retinal thickness; ETDRS = Early Treatment Diabetic Retinopathy Study.
qmputational modeling to include those eyes which did not meet the specified endpoint.
PP value was <.001 between the TREX and monthly cohorts and between the GILA and monthly cohorts. P value was 0.25 between the TREX

and GILA cohorts.

°P value was <.001 between the TREX and monthly cohorts and between the GILA and monthly cohorts. P value was .27 between the TREX

and GILA cohorts.

of the study eyes lost 3 lines of vision at the 2-year
endpoint.

The treatment interval in the TREX and GILA cohorts
was automatically reduced to 4 weeks if the ETDRS BCVA
decreased by >15 letters between visits. Eleven (18%) eyes
in the TREX cohort and 7 (12%) eyes in the GILA cohort
lost >15 letters at any point over the 2-year study period,
compared with 1 eye (3%) in the monthly cohort. Of the
11 eyes in the TREX cohort that lost 15 letters at any
time point, 8 eyes ultimately recovered vision to within 1
line of the vision before vision loss, and 3 eyes partially
recovered vision but not to within 1 line. Of the 7 eyes
in the GILA cohort, 6 eyes ultimately recovered vision to
within 1 line of the vision before vision loss, and 1 eye
partially recovered vision but not to within 1 line. The 1
eye in the monthly cohort recovered vision to within 1
line of the vision before vision loss at the next visit. Of
the 4 eyes with persistent vision loss (3 eyes in the TREX
cohort and 1 eye in the GILA cohort), 1 was caused by a
macular hole. The other 3 patients missed their scheduled
visit window and presented 2 weeks later than originally
expected. All 3 experienced increased edema, were treated
with ranibizumab per the study protocol, and exhibited par-
tial visual recovery to within 2 lines of their preceding
vision within 3 visits.

e ANATOMIC OUTCOMES: Anatomic improvements in
each cohort seen at month 12 were maintained at month
24. At month 24, mean CRT decreased by 139, 140, and
175 wm compared with baseline in the monthly, TREX,
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and GILA cohorts, respectively (P = .09). The results
were similar when multiple imputation was performed to
include those eyes not reaching the 2-year endpoint visit.
Figure 2 shows a locally weighted regression analysis for
change in CRT over time.

e TREATMENT BURDEN: Forty-nine (82%) of the eyes in
the TREX cohort and 55 (92%) of the eyes in the GILA
cohort were eligible for the treat and extend dosing phase
by the 2-year endpoint. Of those reaching the 2-year
endpoint, only 5 eyes (9%) in the TREX cohort and 3
eyes (5%) in the GILA cohort maintained a 4-week inter-
val throughout the study. At month 12, the mean number
of intravitreal injections administered was 13.1, 10.7, and
10.1 in the monthly, TREX, and GILA cohorts, respec-
tively (P < .001 for TREX/monthly and GILA/monthly;
P = .25 for TREX/GILA). In the second year of study,
the mean number of injections was 11.6, 8.2, and 7.4 in
the monthly, TREX, and GILA cohorts, respectively
(P < .001 for TREX/monthly and GILA/monthly;
P = .322 for TREX/GILA). In total, through 24 months,
the mean number of intravitreal injections was 24.7,
18.9, and 17.5 in the monthly, TREX, GILA cohorts,
respectively (P < .001 for TREX/monthly and GILA/
monthly; P = .27 for TREX/GILA).

Figure 3 shows a locally weighted regression analysis for
treatment interval over the first 2 years of study. The mean
treatment interval was 4.3, 6.2, and 6.7 weeks in
the monthly, TREX, and GILA cohorts, respectively
(P < .001 for TREX/monthly and GILA/monthly;
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FIGURE 2. Locally weighted regression analysis for change in central retinal thickness over time.

P = .31 for TREX/GILA). The mean maximal interval
achieved in the TREX cohort was 10.1 weeks compared
with 11.1 weeks in the GILA cohort. Twenty-six (43%)
of the TREX eyes and 29 (48%) of the GILA eyes were
able to be extended to >12 weeks at any point over the
2-year study period.

A total of 175 and 117 navigated focal laser treatments
were performed in the first and second years in the GILA
cohort. The mean number of laser treatments per patient
year in the GILA cohort was 3.1 and 1.9 in the first and sec-
ond years of the study, respectively. The mean number of
laser spots per laser treatment in the second year of the
study was 44 (range 5-254 laser spots). The mean laser po-
wer was 77 mW (range 50-250 mW), and the mean laser
duration was 93 ms (range 20-110 ms). The laser spot
size was maintained at 100 wm for all laser sessions.

e SAFETY DATA: No new safety signals were identified.
The most common ocular adverse events were eye discom-
fort or discharge, posterior vitreous detachment or vitreous
floaters, and cataract progression. There were no cases of
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endophthalmitis. The total 2-year incidence of Anti-
Platelet Trialists’ Collaboration events was 6.7%. There
were 6 cases of acute myocardial infarction (4 in the
TREX cohort and 2 in the GILA cohort) and 3 cases of
acute cerebrovascular accident (1 in the TREX cohort, 1
in the GILA cohort, and 1 in the TREX/GILA cohorts).
One patient died of unknown causes and was included as
an Anti-Platelet Trialists’ Collaboration event. Six sub-
jects (8 eyes, 5%) died before reaching the 2-year endpoint
visit, and 2 of these had both eyes enrolled in the study
(1 subject in the monthly and GILA cohorts and 1 subject
in the TREX and GILA cohorts). The remaining 4 deaths
occurred in subjects who had 1 eye enrolled in the TREX
cohort. One of the deaths was from unknown causes;
none of the other deaths were considered to be related to
study medication or study procedure. A complete list of
the causes of death before the 2-year endpoint is shown
in Supplemental Table 1 (Supplemental Material available
at AJO.com). A complete summary of the adverse events
and serious adverse events over the first 2 years of the study
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FIGURE 3. Locally weighted regression analysis for treatment interval over time.

are shown in Supplemental Tables 2 and 3, respectively
(Supplemental Material available at AJO.com).

DISCUSSION

TREAT AND EXTEND DOSING HAS BEEN SHOWN TO BE A
suitable approach for DME, neovascular age-related macu-
lar degeneration, and retinal vein occlusions with macular
edema.'” A recent meta-analysis of the efficacy of treat and
extend dosing described some of the advantages and disad-
vantages of a treat and extend approach compared with
as-needed treatment.'’ The advantages included fewer dis-
ease recurrences, better long-term visual outcomes and dis-
ease stability, fewer patient visits and lower costs, and a
more predictable injection workload, while the disadvan-
tages included the possibility for overtreatment, the
inability to identify the patient who may remain stable
without treatment, and limited evidence. TREX-DME,
the first randomized clinical trial of ranibizumab 0.3 mg
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for DME, demonstrated that the algorithm used resulted
in significantly fewer injections and yielded visual and
anatomic gains comparable to those obtained with
monthly dosing at 2 years. In addition, TREX-DME found
no value of laser supplementation of treat and extend rani-
bizumab treatment of DME. Treat and extend dosing
reduced the number of ranibizumab injections from 25 to
18 over 2 years. The study power is low or moderate only,
and while it may have missed an injection-reducing effect
of laser, the effect is not likely to be of a clinically signifi-
cant magnitude. The number of injections over 2 years is
high compared with the Diabetic Retinopathy Clinical
Research Network Protocol T study, where it was 12 for
the ranibizumab cohort.

The 2-year TREX-DME results were similar to those of
the RETAIN trial, which used ranibizumab 0.5 mg for
DME."? The mean change in BCVA at month 24 in the
RETAIN trial was +8.3 and +6.5 letters compared
with 49.0 and +9.6 letters in TREX-DME. It should be
noted that the treatment regimen in the RETAIN trial
consisted of >3 monthly intravitreal injections until vision
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stability was achieved and then subjects were extended by
4-week intervals as long as vision was maintained. Disease
recurrence, which was defined as vision loss from disease
activity as determined by the examining physician, trig-
gered a return to monthly injections. Fewer injections
were given with this approach (a mean of 12.4 and 12.8
in the treat and extend groups over 2 years) compared
with the current trial. The algorithm in TREX-DME was
more conservative, with the fewest number of injections
allowed over the 2-year study period being 11. This conser-
vative approach was chosen because of the lack of experi-
ence with treat and extend dosing for DME at the time of
trial design.

The findings from TREX-DME were also comparable to
those of the 1-year results from the REACT and EVADE
clinical trials. The REACT trial assessed both monthly
and treat and extend dosing of ranibizumab in eyes with
bevacizumab-resistant DME."” At month 12, the monthly
cohort gained 2.7 letters after a mean of 10.9 injections
compared with 8.4 letters after a mean of 9.6 injections
in the treat and extend cohort. This study was somewhat
limited by the small sample sizes (n = 12 and 15 eyes)
and the 1-year follow-up. The EVADE trial, which used
aflibercept and the same treat and extend algorithm as
TREX-DME, demonstrated favorable visual outcomes in
the treat and extend cohort (+12.5 letters with 10.1 injec-
tions) compared with the fixed interval cohort (+6.8 let-
ters with 8.8 injections) at 1 year."” Both of these trials
are consistent with the findings of TREX-DME, that treat
and extend dosing is a reasonable approach for DME.

While the mechanisms of action for focal laser photoco-
agulation are incompletely understood, it has been theo-
rized that decreased edema may result from direct closure
of leaking microaneurysms.'® Some investigators have sug-
gested that photocoagulation decreases edema by reducing
retinal tissue, leading to decreased retinal blood flow
through alterations in autoregulation.'””" Others have
hypothesized that reduced retinal blood flow and edema
is a result of improved oxygenation after laser
treatment.’’ The Diabetic Retinopathy Clinical Research
concluded in their 5-year results of Protocol I that eyes
receiving focal laser treatment required statistically signif-
icantly fewer intravitreal injections (median of 4 fewer in-
jections) to achieve similar outcomes as those not receiving
focal laser treatment for center-involved DME with vision
impairment.” A challenge in analyzing trials assessing focal
laser therapy is that there is considerable difficulty in stan-
dardizing “adequate” focal laser burns. In TREX-DME, the
Navilas laser system was chosen because it has been shown
to be safe and accurate,”**’ because if offers the ability to
potentially treat both visible microaneurysms and those
only visualized on fluorescein angiography, and because
the investigators believed there would be more
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consistency of laser treatments across multiple clinical
sites and investigators. Despite these perceived
advantages, the addition of navigated laser to the TREX-
DME protocol did not demonstrate a clinically meaningful
reduction in the number of intravitreal injections adminis-
tered or improve visual or anatomic outcomes. While the
investigators aimed to keep the laser treatments standard-
ized, it is possible that other factors, such as variations in
photocoagulant effect, spot density, proximity to foveal
avascular zone, and depth of coagulation influenced the re-
sults. Additional studies on the effects of these factors on
disease control and visual function may be helpful. It
should be noted that formal visual field analyses have not
yet been completed for the TREX-DME cohorts.

Both TREX-DME and the RETAIN trial compared the
efficacy of treat and extend regimens of intravitreal ranibi-
zumab with and without focal laser treatment.'*"
However, there were some differences in the focal laser
treatment protocols between these 2 trials. TREX-DME
used the Navilas 532-nm navigated laser at month 1 and
every 3 months if leaking microaneurysms were visible on
fluorescein angiography, whereas the RETAIN trial used
standard focal treatment on day 1 and additional treat-
ments were left to the investigator’s discretion. The mean
number of laser treatments at month 24 was 1.2 in
RETAIN vs 5.0 for TREX-DME. Despite the protocol dif-
ferences, both clinical trials demonstrated similar visual
and anatomic outcomes in the groups receiving focal laser
treatment with a small numerical reduction in treatment
burden of injections. This is in contrast to the study by
Liegl and associates”® that found a significant reduction
in number of as-needed intravitreal injections after navi-
gated laser treatment. In their study,”* Leigl and associates
used a navigated laser that was applied after 3 monthly
anti-VEGF injections (compared with week 4 in the
current study) and that resulted in a reduction in injection
burden at 12 months from 3.9 in the monotherapy
group to 0.9 in the combination anti-VEGEF/laser group
(P < .001). The reduction in injections was maintained
over the 3-year follow-up period without a compromise
in visual acuity.”’

In conclusion, the visual and anatomic gains seen at
month 12 using the treat and extend algorithm in TREX-
DME, both with and without navigated laser, were main-
tained through month 24. The addition of navigated laser
to the treat and extend regimen of ranibizumab did not
significantly improve visual or anatomic outcomes or
significantly reduce treatment burden of intravitreal injec-
tions. The individualized strategy of treat and extend
dosing in TREX-DME yielded comparable visual outcomes
with significantly fewer injections and appears to be a
reasonable approach for the treatment of center-involved

DME with visual loss.
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