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IMPORTANCE Although the Canadian Treat-and-Extend Analysis Trial With Ranibizumab in
Patients With Neovascular Age-Related Macular Disease (CANTREAT) reported herein and
the Treat and Extend study provided data to show noninferiority of treat-and-extend (T&E) at
12 months, to date there are few data on 24-month T&E trials compared with monthly dosing.

OBJECTIVE To compare the efficacy of ranibizumab using a T&E regimen to monthly dosing
in treatment-naive patients with neovascular age-related macular degeneration (nAMD)
after 24 months.

DESIGN, SETTING, AND PARTICIPANTS A randomized, open-label, multicenter, noninferiority
intention-to-treat trial with a margin of -5 letters in best-corrected visual acuity (BCVA) from
baseline to 12 months between groups was conducted at 27 treatment centers in Canada.
Participants included 580 patients with treatment-naive choroidal neovascularization
secondary to AMD. The study was conducted from May 8, 2013, to August 28, 2018, and
data analysis was performed between August 29 and September 12, 2018.

INTERVENTIONS Patients with nAMD were randomized 1:1 to receive intravitreal ranibizumab,
0.5 mg, in either a T&E or monthly dosing regimen.

MAIN OUTCOMES AND MEASURES Mean change in BCVA in Early Treatment of Diabetic
Retinopathy Study letters from baseline to month 24.

RESULTS Of the 580 randomized patients, 350 were women (60.3%) and 547 were white
(94.3%). Mean (SD) age was 78.8 (7.8) years. By the end of month 24, 466 of the 580
randomized patients (80.3%) had completed the study and participants in the T&E arm
received a mean of 17.6 injections compared with 23.5 injections for the monthly arm, for a
difference of 5.9 injections and visits over 2 years (95% Cl, 5.4-6.5; P < .001). The mean (SD)
BCVA improvement was not worse with the T&E arm, 6.8 (14.1) letters vs 6.0 (12.6) letters,
compared with the monthly arm (difference, 0.9; 95% Cl, -1.6 to 3.3; P = .21). There was a
gain of 15 or more letters in 25.5% of the T&E group and 23.1% of the monthly treatment
group (difference, 2.4%; 95% Cl, -6.8% to 11.6%:; P = .59) and a loss of 15 or more letters
in 6.5% of the T&E group and 5.8% of the monthly treatment group (difference, -0.7%;
95% Cl, -9.9% to 8.5%; P = .85).

CONCLUSIONS AND RELEVANCE These findings suggest that change in vision from baseline is
not worse with a T&E compared with a monthly regimen of ranibizumab for nAMD through
24 months, achieving clinically meaningful improvements in BCVA despite fewer injections
and visits.
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he introduction of anti-vascular endothelial growth

factor (anti-VEGF) agents to ophthalmology practice has

advanced the treatment of neovascular age-related
macular degeneration (nAMD), a leading cause of vision loss
among elderly patients in developed nations.! Although a
cureremains elusive, timely treatment with anti-VEGF can help
achieve the nAMD treatment goals of drying the affected
retinas and improving or maintaining visual acuity (VA) over
long periods of time.?"® Despite substantial progress, gaps and
challenges persist, including the cost and inconvenience
associated with frequent treatments.”

To overcome these barriers, retina specialists have devel-
oped alternative regimens in which patients receive injec-
tions at extended fixed intervals as needed based on disease
activity and/or by a treat-and-extend (T&E) strategy.®° The
goals of these approaches are to (1) minimize exudative dis-
ease activity, such as retinal fluid and hemorrhage, as effi-
ciently and safely as possible; (2) maintain or improve VA;
and (3) reduce the number of injections needed. Although the
specifics of the T&E regimen vary among practitioners, the
general approach includes a loading phase of monthly treat-
ment followed by a maintenance phase. After the loading
phase, the interval between injections is progressively short-
ened or lengthened depending on the presence or absence of
disease activity (usually determined by optical coherence
tomography [OCT]), respectively.

Over the past few years, the T&E approach for nAMD has
gained acceptance among retina specialists worldwide. This
individualized treatment strategy reduces the burden of
monthly injections and is supported by an emerging body of
evidence reporting better visual outcomes in a real-world
setting when compared with the OCT-guided as-needed
regimens.® As the T&E approach eliminates the need for
frequent assessment-related visits, it may be more conve-
nient for both patients and ophthalmology clinics and may also
result in better retention rates and visual outcomes.

To appreciate the true value of T&E, however, one must
compare visual outcomes achieved with T&E with those
achieved with monthly treatments, a regimen evaluated and ap-
proved in the phase 3 registration trials.?* To our knowledge,
thus far, only 2 prospective, randomized trials, Neovascular Age-
related Macular Degeneration Management Using Ranibi-
zumab With Continued Treat and Extend (TREX-AMD), and
Treat and Extend (TREND) have compared the T&E approach
with monthly treatment.?!° However, TREND, a large random-
ized trial with more than 600 patients, was not continued be-
yond 1 year.'® The TREX-AMD trial included 60 patients (2:1
randomization to T&E and monthly) and by the end of year 2,
many data points were missing.!* All other T&E trials are either
prospective or retrospective single-arm trials?°-27 or noncon-
trolled studies looking at different T&E regimens?®-2° to deter-
mine whether VA outcomes are not worse compared with
monthly treatment. Hence, there is a need for large random-
ized clinical trials comparing the T&E approach with monthly
treatment beyond 12 months. Furthermore, it is well estab-
lished that patients with AMD require continued treatment with
as-needed regimens (Comparison of Age-related Macular
Degeneration Treatments Trials [CATT]® Inhibit VEGF in Age-
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Key Points

Question Does a treat-and-extend approach with potentially
less frequent anti-vascular endothelial growth factor injections
and visits provide visual outcomes not worse than monthly
ranibizumab injections in patients with neovascular acute
macular degeneration?

Findings In this randomized clinical trial of 580 patients with
treatment-naive choroidal neovascularization secondary to acute
macular degeneration, at month 24, visual acuity outcomes in the
treat-and-extend group were not worse than those in the monthly
group. This outcome occurred despite a mean of 17.6 injections
and visits in the treat-and-extend group compared with 23.5

in the monthly group.

Meaning These 2-year outcomes, combined with those of 1-year
trials, appear to support the hypothesis that treat-and-extend
regimens are not worse than monthly treatment with ranibizumab
for patients with neovascular acute macular degeneration similar
to patients enrolled and treated in this trial.

Related Choroidal Neovascularisation [I[VAN]*°). However, ad-
ditional data are needed regarding the VA outcomes as well as
the number of injections and visits beyond 1 year with a T&E
approach compared with monthly injections and visits.

The specifics and requirements differ between these T&E
trials, and there is a lack of consensus on established algo-
rithms. The application of T&E varies among practitioners,
and it is influenced by different practice-, patient-, disease-,
and access-related factors; these variations indicate the need
for additional country-specific research to establish bench-
marks on which specific recommendations for the T&E
approach can be developed.

The Canadian Treat-and-Extend Analysis Trial With
Ranibizumab (CANTREAT) is a 2-year, multicenter, random-
ized Canadian trial designed to evaluate and compare the
monthly administration of ranibizumab with the T&E ap-
proach in achieving and maintaining an optimum visual func-
tion benefit (ie, BCVA stability). CANTREAT was further ex-
tended to a third year to gather data on long-term outcomes
of patients with nAMD treated with the T&E regimen. The
primary end point—noninferiority in the mean change in
BCVA (Early Treatment of Diabetic Retinopathy Study
[ETDRS]) from baseline to month 12)—was met and previ-
ously reported.?!' Herein, we describe the 24-month, pre-
planned secondary outcomes from CANTREAT.

Methods

Study Design

CANTREAT is a 2-year, prospective, randomized, open-label,
multicenter, postauthorization study of Canadian patients
treated with ranibizumab. Before starting ranibizumab injec-
tions, patients were randomized to either a once-monthly
dosing regimen (monthly arm) or an extended schedule of
ranibizumab intravitreal injections (T&E arm). In-depth
explanation and description of the study protocol and design
were previously reported.>! After an initial loading phase of 3
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consecutive monthly intravitreal injections of ranibizumab, 0.5
mg, patients were treated according to the randomization treat-
ment arm to which they had been assigned. The study and writ-
ten informed consent form were approved by the insti-
tutional review board, independent ethics committee, or
research ethics board at each site, and it was conducted in
adherence to the tenets of the Declaration of Helsinki.32
Prior to enrollment, all patients provided written informed
consent; participants received reimbursement for their ex-
penses. The trial protocol is available in Supplement 1.

At the baseline visit, patients in each treatment arm un-
derwent a standard ophthalmic examination. During the study
treatment period, patients in the monthly arm had ophthal-
mic examinations, ETDRS BCVA assessments, and OCT every
3 months and fluorescein angiography at weeks 52 and 104.
Patients randomized to the T&E arm underwent all efficacy and
safety examinations, including all diagnostic procedures (eg,
OCT) at each clinic visit. Lesion growth was assessed based on
fluorescein angiography, with assessments performed at base-
line, week 52, and week 104 visits, and at any other time at the
investigator’s discretion.

Outcome Measures
The primary study objective of CANTREAT was to deter-
mine whether the mean change in BCVA (ETDRS) from
baseline to month 12 with a T&E regimen was noninferior
(not worse) than monthly treatment within a randomized
clinical trial.>

Preplanned secondary objectives of CANTREAT, pre-
sented herein, were to compare the mean change in ETDRS
BCVA and number of injections between the 2 treatment groups
from baseline to month 24 as well as to determine the propor-
tion of patients with gains of 5 or more, 10 or more, and 15 or
more letters; the proportion of patients with losses of 5 or more,
10 or more, and 15 or more letters; and the proportion of
patients who achieved more than 8-week and 12-week dosing
intervals. For assessment of outcomes of interest, BCVA and
OCT were evaluated, where OCT images were used to mea-
sure disease stability.

Statistical Analysis

In this intention-to-treat analysis, sample size calculations were
based on the change in BCVA from baseline to 12 months (non-
inferiority margin of -5 letters BCVA, a true difference of -1.5
letters between the 2 groups, and a common SD of 13.3 let-
ters). Summary statistics were produced, including the mean
and SD for continuous variables and counts and percentages
for categorical variables. Between-group differences in the
mean change in BCVA from baseline to 24 months were as-
sessed with the Mann-Whitney test, and the total number of
injections received from baseline to month 24 was evaluated
with count data regression. Both BCVA and the number of
injections are presented using a 2-sided 95% CI. Requests were
paired or unpaired according to whether the testing was on the
same group over time (paired) or 2 different treatment groups
(unpaired). Analyses were performed using SAS Software,
version 9.4 (SAS Institute Inc). Data analysis was performed
between August 29 and September 12, 2018.
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Results

Between May 8, 2013, to August 28, 2018, a total of 580 pa-
tients were enrolled (T&E, 287; monthly, 293) and included in
the final analysis. Of these, 466 patients (80.3%) (T&E, 237;
monthly, 229) completed the 24-month follow-up (Figure 1).
Atotal of 113 discontinuations (19.5%) were reported (Table 1):
49 discontinuations (17.1%) in the T&E group and 64 discon-
tinuations (21.8%) in the monthly group. Overall, the most com-
mon reason for discontinuation was withdrawal of consent
(39 [6.7%] patients).

Baseline demographics and disease characteristics were
similar between the treatment groups.3! Most patients were
white (547[94.3%]), and 350 were women (60.3%). Mean (SD)
age was 78.8 (7.8) years. Mean (SD) central subfield thickness
at baseline was 382.7 (114.0) pm for the T&E group and 374.2
(111.9) pm for the monthly group; mean baseline BCVA in pa-
tients who completed 24 months was a letter score (approxi-
mate Snellen equivalent) of 59.6 (20/63) for the T&E group and
59.4 (20/63) for the monthly group. At 24 months, mean (SD)
BCVA improvement was not worse (Figure 2) in the T&E
treatment group (6.8 [14.1] letters) compared with the monthly
treatment group (6.0 [12.6] letters; difference, 0.9; 95% CI,
-1.6 to 3.3; P = .21). Most of the change in mean BCVA oc-
curred during year 1 (8.5- and 6.1-letter gains for T&E and
monthly, respectively).

Results reported for gain and loss of ETDRS letters in the
T&E group were not worse than those in the monthly group
(Table 2). The proportion of patients with a gain of less than 5
letters (including loss of letters) at 24 months was 38.1% (95%
CI, 31.8%-44.7%) in the T&E group vs 40.4% (95% CI, 34.0%-
47.2%) in the monthly group (difference, 2.4%; 95% CI, -6.8%
to 11.6%; P = .63). A gain of 15 or more letters was experi-
enced by 25.5% of the T&E group and 23.1% of the monthly
treatment group (difference, 2.4%; 95% CI, -6.8% to 11.6%;
P = .59); 6.5% of the T&E group and 5.8% of the monthly treat-
ment group lost 15 or more letters (difference, -0.7%; 95% CI,
-9.9% to 8.5%; P = .85). A gain of 10 or more letters was
achieved by 42.9% of the T&E group vs 36.4% of the monthly
group (difference, 6.4%; 95% CI, —2.9% to 15.5%; P = .18), and
aloss of 10 or more letters was experienced by 9.5% and 9.8%
of T&E and monthly patients, respectively (difference, 0.3%;
95% CI, -9.0 to 9.5; P > .99).

At month 24, a lower mean number of injections was
reported for T&E (17.6) compared with the monthly dosing
regimen (23.5) (difference, 5.9, 95% CI, 5.4-6.5; P < .001). In
the T&E arm, 73.7% (95% CI, 67.6%-79.3%) of the patients
were able to extend their treatment interval to 8 or more
weeks during the 24 months of treatment, and 43.1% (95%
CI, 36.6%-49.8%) of patients reached the 12-week maxi-
mum extension interval.

|
Discussion

This Canadian multicenter, prospective, randomized study
confirmed the feasibility and effectiveness of the T&E
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Figure 1. Flow of Study Participants
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Table 1. Discontinuation Rates Over 24-Month Period

No. (%)
T&E Once Monthly  Total
Parameter (n =287) (n=293) (N =580)
Discontinuation 49 (17.1) 64 (21.8) 113 (19.5)
Reasons for discontinuation
Withdrew consent 18 (6.3) 21(7.2) 39(6.7)
Death 6(2.1) 8(2.7) 14 (2.4)
Adverse event 4(1.4) 8(2.7) 12(2.1)
Unsatisfactory 4(1.4) 3(1.0) 7(1.2)
therapeutic effect
Protocol violation 5(1.7) 5(1.7) 10(1.7)
Lost to follow-up 4(1.4) 5(1.7) 9(1.6)
Other 8(2.8) 14 (4.8) 22 (3.8)

Abbreviation: T&E, treat-and-extend.

approach in daily practice. The 24-month vision outcomes
using the T&E approach was not worse than the monthly
regimen for nAMD. To maintain visual outcomes over 24
months, patients in the T&E arm needed a mean of 17.6
injections compared with 23.5 injections in the monthly
arm, for at least a mean of 5.4 fewer injections. In the T&E
arm, 73.7% of the patients were able to extend their treat-
ment interval to 8 or more weeks during the 24 months of
treatment and 43.1% of patients reached the 12-week maxi-
mum extension interval. The mean gain of 6.0 letters is
slightly lower than the reported 2-year improvement in VA
with monthly ranibizumab in the Minimally Classic/Occult
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Figure 2. Change in Best-Corrected Visual Acuity (BCVA) Letters
at 12- and 24-Month Follow-up
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ETDRS indicates Early Treatment Diabetic Retinopathy Study; OM, once
monthly; T&E, treat-and-extend.

Trial of the Anti-VEGF Antibody Ranibizumab in the Treat-
ment of Neovascular Age-Related Macular Degeneration
(7.2 letters),? CATT (8.8 letters),” and Anti-VEGF Antibody
for the Treatment of Predominantly Classic Choroidal
Neovascularization in Age-Related Macular Degeneration?®
(10.7 letters) studies. The mean gain of 6.8 letters achieved
in our study over 24 months is in line with evidence from
the Australian Fight Retinal Blindness! registry; patients
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Table 2. Proportion of Patients With Gain or Loss of 10 or More or 15 or More ETDRS Letters at 24 Months

% (95% Cl)
Outcome T&E Once Monthly Difference (95% Cl) P Value
Letters gained, % of patients
>10 42.9 (36.4-49.5) 36.4(30.2-43.1) 6.4 (-2.9 t0 15.5) 18
215 25.5(20.1-31.7) 23.1(17.8-29.2) 2.4 (-6.8t011.6) .59
Letters lost, % of patients
>10 9.5(6.1-14.1) 9.8 (6.2-14.4) 0.3 (-9.0t09.5) >.99 Abbreviations: ETDRS, Early
215 6.5 (3.7-10.5) 5.8(3.1-9.7) 0.7 (-9.9t08.5) 85 Treatment of Diabetic Retinopathy

Study; T&E, treat-and-extend.

with nAMD receiving anti-VEGF therapy using the T&E dos-
ing gained, on average, 5.3 letters at month 24.!7 However,
when comparing the outcomes from randomized clinical
studies conducted several years ago with more recent stud-
ies, one should keep in mind that differences in patient
populations and baseline characteristics may contribute to
differences in outcomes.

The TREND study did not extend follow-up beyond 12
months. The mean change from baseline in BCVA at 12 months
was 6.2 in the T&E group vs 8.1 in the monthly group.™ In the
TREND study, patients in the T&E group received 2 initial
monthly ranibizumab injections at baseline (day 1) and at
month 1. After 1 month, visits in the T&E group were sched-
uled based on disease activity as assessed by VA and OCT cri-
teria. This difference in the loading dose—2 in the TREND study
and 3in CANTREAT—with potential to continue with monthly
injections if continuous gain in VA was observed, might have
contributed to the small differences in outcomes between the
2 studies. In the TREND study, after 12 months of treatment,
there was an approximate 2-letter difference in favor of
monthly injections. Our results were the opposite: after 12
months of treatment, there was a 2-letter difference favoring
T&E. It is possible that the additional monthly injections in-
cluded in the loading phase and the CANTREAT treatment
algorithm led to better resolution of underlying subclinical
pathologic changes, which translated into better control once
patients were switched to the T&E schedule. However, differ-
ences in relevant characteristics of patients enrolled could ac-
count for the differences reported. Regardless of these varia-
tions, patients in both the TREND study and our study achieved
a similar and rapid gain in BCVA, with most of the improve-
ment occurring during the first 6 months. Improvements in
vision were generally maintained afterward. However, the true
long-term effect of the T&E dosing approach in the TREND trial
cannot be fully recognized because the trial was not contin-
ued beyond 12 months. To our knowledge, the only other ran-
domized clinical trial that compared the T&E regimen with
monthly treatment is the TREX-AMD study. Because this trial
included 60 patients (only 20 in the monthly control group),
10 of whom discontinued by the 24-month mark, the small
sample size is its major limitation.

The results of CANTREAT can also be compared with
the as-needed dosing regimen in the 2 large clinical trials
(CATT® and IVAN3°), In the CATT and IVAN trials, the
as-needed dosing regimen was not worse compared with
monthly dosing. In the IVAN trial the mean difference in
BCVA after 2 years of treatment was 1.63 letters (95% CI,
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-4.01to 0.75; P = .18) with a mean of 13 (range, 8-17) injec-
tions in the as-needed arm.3° In the CATT trial the differ-
ence in VA, averaged over 2 years of follow-up in patients
treated with as-needed vs monthly ranibizumab, was 1.7 let-
ters (95% CI, -0.1 to 3.4; P = .07).° The mean (SD) number of
ranibizumab injections through year 2 in the CATT trial in
the as-needed group was 12.6 (6.6). Similarly, the HARBOR
study demonstrated that as-needed dosing of ranibizumab
could achieve clinically meaningful BCVA improvements:
+8.2 letters from baseline to month 12 and +7.9 letters to
month 24.3% These results highlighted the efficacy and
durability of ranibizumab with less-frequent dosing, despite
the fact that the HARBOR study did not meet the noninferi-
ority end point compared with monthly injections.>*

In our study, at 24 months, proportions of T&E patients
experiencing gains of 10 or more or 15 or more letters were
not worse than in the monthly arm (>10-letter gain: 42.9%
in the T&E arm vs 36.4% in the monthly arm; >15 letter gain:
25.5% in the T&E arm vs 23.1% in the monthly arm). In the
T&E arm, 6.5% of patients lost 15 or more letters vs 5.8% in
the monthly arm. These results are not worse compared
with the CATT trial results where, after 2 years of treatment,
less than 10% of patients treated with monthly or as-needed
ranibizumab lost 15 or more letters. These data imply that
the criteria for the T&E regimen in our study did not result
in an additional risk of sudden, substantial visual loss (loss
of =15 letters) due to events, such as the development of a
large subretinal hemorrhage or a substantial increase in
exudation, compared with the monthly regimen. According
to the Fight Retinal Blindness Study Group, the risk of
substantial vision loss is higher when treatment intervals
are extended beyond 16 weeks.>*

Our results suggest that after reaching clinical stability
with monthly injections, the timing between treatments can
be extended in a stepwise fashion with vision outcomes, on
average, that are no worse than continuing monthly treat-
ments through 2 years. Most patients responded well to the
stepwise extension regimen. At 24 months, 73.7% of patients
were able to extend the treatment interval to 8 or more
weeks and 43.1% to 12 weeks. Similarly, Berg et al?® reported
that in the Lucentis Compared to Avastin Study (LUCAS),
10.6% and 37.1% of patients were able to extend the treat-
ment interval with ranibizumab to 10 and 12 weeks, respec-
tively. When using a T&E regimen with bevacizumab, treat-
ment intervals were extended to 10 weeks in 7.2% of the
patients and to 12 weeks in 25.1% of the patients. The design
of the LUCAS was similar to that of our study; monthly
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injections were given until inactive disease was achieved.
The patients were then followed up with a gradual extension
of the treatment interval in 2-week increments to a maxi-
mum of 12 weeks. If signs of recurrent disease appeared, the
treatment interval was shortened by 2 weeks at a time. The
retreatment criteria in our study, however, were different for
patients who reached an extended interval of 10 or 12 weeks.
If there were signs of a return of disease activity, the treat-
ment interval for these patients was shortened by 4 weeks
until disease stability was regained.

The Comparison of Ranibizumab and Aflibercept for the
Development of Geographic Atrophy in (Wet) AMD (RIVAL),
using an identical T&E regimen, further demonstrated that a
treatment tailored to patients’ individual characteristics led to
clinically meaningful improvements in BCVA. In the RIVAL
study, the estimated mean change in BCVA letter scores from
baseline to month 12 was 7.2 for ranibizumab and 4.9 for afli-
bercept (estimated letter score difference, 2.3; 95% CI, -0.1 to
4.7; P = .06). The mean number of injections from baseline
tomonth 12 (9.7 in both treatment arms) and from baseline to
month 24 (17.7 for ranibizumab and 17.0 for aflibercept) were
similar between the treatment arms.3>-3¢

We believe that the CANTREAT 24-month follow-up
results confirm not only that the T&E regimen was not worse
than monthly treatment but also that the rates of improve-
ment are in line with results achieved in other randomized
clinical studies and real-world registries.

Efficacy of a Treat-and-Extend Regimen With Ranibizumab in Neovascular Age-Related Macular Degeneration

Limitations

Limitations of our study are those common to all T&E trials
and include open-label design and selection of treatment
based on clinician judgment, which might introduce some
bias. No adjustments for multiple comparisons were made;
thus, the conclusions regarding the effect and contribution of
different factors cannot be made. In addition, to date it is
unknown whether other commonly used anti-VEGF agents
administered using the T&E approach would have the same
results (eg, bevacizumab T&E compared with monthly ranibi-
zumab or monthly bevacizumab; or aflibercept T&E com-
pared with monthly ranibizumab or monthly aflibercept) in
regard to VA or difference in injections and visits.

. |
Conclusions

In this study, CANTREAT demonstrated that the T&E regi-
men resulted in clinically meaningful improvement in BCVA
that was not worse than monthly treatment. The T&E dosing
regimen with ranibizumab attained these results with fewer
injections and visits, which has the potential to increase con-
venience and reduce cost to the health care system compared
with monthly dosing. The study has been extended to 36
months, with participants from both study arms receiving
ranibizumab with a T&E dosing regimen, to better under-
stand the long-term outcomes of this regimen.

ARTICLE INFORMATION
Accepted for Publication: November 4, 2019.

Published Online: January 9, 2020.
doi:10.1001/jamaophthalmol.2019.5540

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2020 Kertes PJ et al. JAMA
Ophthalmology.

Author Affiliations: The John and Liz Tory Eye
Centre, Sunnybrook Health Sciences Centre,
Toronto, Ontario, Canada (Kertes); Department of
Ophthalmology and Vision Sciences, University of
Toronto, Toronto, Ontario, Canada (Kertes);
Montreal Retina Institute, Montreal, Québec,
Canada (Galic); Department of Ophthalmology &
Visual Sciences, McGill University, Montreal,
Québec, Canada (Galic); Alberta Retina Consultants,
Edmonton, Alberta, Canada (Greve); Department of
Ophthalmology & Visual Sciences, University of
Alberta, Edmonton, Alberta, Canada (Greve);
Calgary Retina Consultants, Calgary, Alberta,
Canada (Williams); Department of Surgery, Section
Ophthalmology, University of Calgary, Calgary,
Alberta, Canada (Williams); Novartis
Pharmaceuticals Canada Inc, Dorval, Québec,
Canada (Baker, Lahaie); Ivey Eye Institute, London,
Ontario, Canada (Sheidow); Western University,
London, Ontario, Canada (Sheidow).

Author Contributions: Drs Kertes and Sheidow had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Kertes, Galic, Greve, Williams,
Sheidow.

Acquisition, analysis, or interpretation of data:

All authors.

Drafting of the manuscript: Galic.

Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Baker, Lahaie.

Obtained funding: Kertes.

Administrative, technical, or material support:
Galic, Baker.

Supervision: All authors.

Conflict of Interest Disclosures: Dr Kertes
reported receiving grants, personal fees, and
nonfinancial support from Novartis during the
conduct of the study; personal fees and
nonfinancial support from Bayer, grants from
Allergan, and grants from Roche outside the
submitted work; and holds stock in ArcticDx.

Dr Greve reported receiving grants from Novartis
during the conduct of the study and Shareholder
Secure Diagnostic Imaging (tele ophthalmology
company, with no direct conflict). Dr Williams
reported receiving grants and personal fees from
Novartis during the conduct of the study, grants
and personal fees from Bayer and Allergan, and
grants from Roche and Chengndu Kanghong
Biotech outside the submitted work. Drs Baker and
Lahaie are employees of Novartis Pharmaceuticals
Canada Inc. Dr Sheidow reported serving as an
advisory board member for Novartis, Bayer, and
Allergan, for which he received honoraria.

No other disclosures were reported.

Funding/Support: This study was funded by
Novartis Pharmaceuticals Canada Inc.

Role of the Funder/Sponsor: Novartis
Pharmaceuticals Canada Inc participated in the
study design and the conduct of the study,
oversight in the collection and management of the

JAMA Ophthalmology Published online January 9,2020

Downloaded From: https://jamanetwor k.com/ Johns Hopkins Univer sity by Neil Bressler on 02/27/2020

data, analysis and interpretation of the data, and
preparation and review of the manuscript.

Meeting Presentation: These study results were
presented at the Annual Meeting of the American
Academy of Ophthalmology; Chicago, lllinois;
October 28, 2018; the Canadian Retina Society
Annual Meeting; Whistler, British Columbia,
Canada; March 7, 2019; and the Canadian
Ophthalmological Society Meeting; Québec City,
Québec, Canada; June 15, 2019.

Data Sharing Statement: See Supplement 2.

Additional Contributions: The CANTREAT steering
committee and Novartis Pharmaceuticals Canada
Inc thank Radmila Day, MSc (SNELL Medical
Communication), who prepared a manuscript draft
for the authors to edit; this contribution was funded
as part of the study by Novartis Pharmaceuticals
Canada Inc. We also thank the CANTREAT study
investigators.

REFERENCES

1. Wong WL, Su X, Li X, et al. Global prevalence of
age-related macular degeneration and disease
burden projection for 2020 and 2040: a systematic
review and meta-analysis. Lancet Glob Health.
2014;2(2):e106-e116. doi:10.1016/52214-109X(13)
70145-1

2. Rosenfeld PJ, Brown DM, Heier JS, et al; MARINA
Study Group. Ranibizumab for neovascular
age-related macular degeneration. N Engl J Med.
2006;355(14):1419-1431. doi:10.1056/
NEJM0a054481

3. Brown DM, Michels M, Kaiser PK, Heier JS, Sy JP,
lanchulev T; ANCHOR Study Group. Ranibizumab
versus verteporfin photodynamic therapy for

jamaophthalmology.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2019.5540?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540
https://jamanetwork.com/journals/jamaophthalmology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540#SecOpenAccess
https://jamanetwork.com/journals/jamaophthalmology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540#SecOpenAccess
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2019.5540?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540
https://dx.doi.org/10.1016/S2214-109X(13)70145-1
https://dx.doi.org/10.1016/S2214-109X(13)70145-1
https://dx.doi.org/10.1056/NEJMoa054481
https://dx.doi.org/10.1056/NEJMoa054481
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540

Efficacy of a Treat-and-Extend Regimen With Ranibizumab in Neovascular Age-Related Macular Degeneration

neovascular age-related macular degeneration:
two-year results of the ANCHOR study.
Ophthalmology. 2009;116(1):57-65.e5.
doi:10.1016/j.0phtha.2008.10.018

4. Heier JS, Brown DM, Chong V, et al; VIEW 1and
VIEW 2 Study Groups. Intravitreal aflibercept (VEGF
trap-eye) in wet age-related macular degeneration.
Ophthalmology. 2012;119(12):2537-2548. doi:10.1016/
j.ophtha.2012.09.006

5. Martin DF, Maguire MG, Fine SL, et al;
Comparison of Age-related Macular Degeneration
Treatments Trials (CATT) Research Group.
Ranibizumab and bevacizumab for treatment of
neovascular age-related macular degeneration:
two-year results. Ophthalmology. 2012;119(7):1388-
1398. doi:10.1016/j.0phtha.2012.03.053

6. Rofagha S, Bhisitkul RB, Boyer DS, Sadda SR,
Zhang K; SEVEN-UP Study Group. Seven-year
outcomes in ranibizumab-treated patients in
ANCHOR, MARINA, and HORIZON: a multicenter
cohort study (SEVEN-UP). Ophthalmology. 2013;
120(11):2292-2299. doi:10.1016/j.0phtha.2013.03.
046

7. Varano M, Eter N, Winyard S, Wittrup-Jensen KU,
Navarro R, Heraghty J. Current barriers to
treatment for wet age-related macular
degeneration (WAMD): findings from the wAMD
patient and caregiver survey. Clin Ophthalmol. 2015;
9:2243-2250. doi:10.2147/0PTH.S92548

8. Agarwal A, Rhoades WR, Hanout M, et al.
Management of neovascular age-related macular
degeneration: current state-of-the-art care for
optimizing visual outcomes and therapies in
development. Clin Ophthalmol. 2015;9:1001-1015.

9. Spaide R. Ranibizumab according to need:

a treatment for age-related macular degeneration.
Am J Ophthalmol. 2007:143(4):679-680. doi:10.
1016/j.2j0.2007.02.024

10. Stewart MW. Individualized treatment of

neovascular age-related macular degeneration:
what are patients gaining? or losing? J Clin Med.
2015;4(5):1079-1101. doi:10.3390/jcm4 051079

1. Vardarinos A, Gupta N, JanjuaR, Iron A,
Empeslidis T, Tsaousis KT. 24-Month clinical
outcomes of a treat-and-extend regimen with
ranibizumab for wet age-related macular
degeneration in a real life setting. BMC Ophthalmol.
2017;17(1):58. doi:10.1186/512886-017-0451-1

12. Wykoff CC, Croft DE, Brown DM, et al;
TREX-AMD Study Group. Prospective trial of
treat-and-extend versus monthly dosing for
neovascular age-related macular degeneration:
TREX-AMD 1-year results. Ophthalmology. 2015;122
(12):2514-2522. doi:10.1016/j.0phtha.2015.08.009

13. Wykoff CC, Ou WC, Brown DM, et al; TREX-AMD
Study Group. Randomized trial of treat-and-extend
versus monthly dosing for neovascular age-related
macular degeneration: 2-year results of the
TREX-AMD study. Ophthalmol Retina. 2017;1(4):314-
321. doi:10.1016/j.0ret.2016.12.004

14. Wykoff CC, Ou WC, Croft DE, et al; TREX-AMD
Study Group. Neovascular age-related macular
degeneration management in the third year: final
results from the TREX-AMD randomised trial. Br J
Ophthalmol. 2018;102(4):460-464.

15. Rufai SR, Almuhtaseb H, Paul RM, et al.

A systematic review to assess the
“treat-and-extend"” dosing regimen for
neovascular age-related macular degeneration

jamaophthalmology.com

using ranibizumab. Eye (Lond). 2017;31(9):1337-1344.
doi:10.1038/eye.2017.67

16. Kim LN, Mehta H, Barthelmes D, Nguyen V,
Gillies MC. Metaanalysis of real-world outcomes of
intravitreal ranibizumab for the treatment of
neovascular age-related macular degeneration.
Retina. 2016;36(8):1418-1431. doi:10.1097/IAE.
0000000000001142

17. Arnold JJ, Campain A, Barthelmes D, et al; Fight
Retinal Blindness Study Group. Two-year outcomes
of “treat and extend" intravitreal therapy for
neovascular age-related macular degeneration.
Ophthalmology. 2015;122(6):1212-1219. doi:10.1016/
j.ophtha.2015.02.009

18. Writing Committee for the UK Age-Related
Macular Degeneration EMR Users Group. The
neovascular age-related macular degeneration
database: multicenter study of 92 976 ranibizumab
injections: report 1: visual acuity. Ophthalmology.
2014;121(5):1092-1101. doi:10.1016/j.ophtha.2013.11.
031

19. SilvaR, Berta A, Larsen M, Macfadden W, Feller
C, Monés J; TREND Study Group. Treat-and-extend
versus monthly regimen in neovascular age-related
macular degeneration: results with ranibizumab
from the TREND study. Ophthalmology. 2018;125
(1):57-65. doi:10.1016/j.0phtha.2017.07.014

20. Hatz K, Priinte C. Treat and extend versus pro
re nata regimens of ranibizumab in neovascular
age-related macular degeneration: a comparative 12
month study. Acta Ophthalmol. 2017;95(1):e67-e72.
doi:10.1111/20s.13031

21. Epstein D, Amrén U. Near vision outcome in
patients with age-related macular degeneration
treated with aflibercept. Retina. 2016;36(9):1773-
1777. doi:10.1097/IAE.0000000000000978

22. Chen YN, Powell AM, Mao A, Sheidow TG.
Retrospective review of Lucentis “treat and extend”
patterns and outcomes in age-related macular
degeneration. Retina. 2016;36(2):272-278. doi:10.
1097/IAE.0000000000000691

23. Rahimy E, Rayess N, Ho AC, Regillo CD.
Treatment outcomes for neovascular age-related
macular degeneration patients with initial vision
better than 20/40 using a treat-and-extend regime.
Retina. 2016;36(5):875-880. doi:10.1097/IAE.
0000000000000814

24. Rayess N, Houston SK IlI, Gupta OP, Ho AC,
Regillo CD. Treatment outcomes after 3 years in
neovascular age-related macular degeneration
using a treat-and-extend regimen. Am J Ophthalmol.
2015:159(1):3-8.e1. doi:10.1016/j.2j0.2014.09.011

25. Homer N, Grewal DS, Mirza RG, Lyon AT, Gill
MK. Transitioning to intravitreal aflibercept
following a previous treat-and-extend dosing
regimen in neovascular age-related macular
degeneration: 24-month results. Eye (Lond). 2015;
29(9):1152-1155. doi:10.1038/eye.2015.87

26. Wickremasinghe SS, Janakan V, Sandhu SS,
Amirul-Islam FM, Abedi F, Guymer RH. Implication
of recurrent or retained fluid on optical coherence
tomography for visual acuity during active
treatment of neovascular age-related macular
degeneration with a treat and extend protocol.
Retina. 2016;36(7):1331-1339. doi:10.1097/IAE.
0000000000000902

27. Barthelmes D, Walton R, Campain AE, et al;
Fight Retinal Blindness! Project Investigators.

Original Investigation Research

Outcomes of persistently active neovascular
age-related macular degeneration treated with
VEGF inhibitors: observational study data. Br J
Ophthalmol. 2015;99(3):359-364. doi:10.1136/
bjophthalmol-2014-305514

28. BergK, Pedersen TR, Sandvik L, Bragadéttir R.
Comparison of ranibizumab and bevacizumab for
neovascular age-related macular degeneration
according to LUCAS treat-and-extend protocol.
Ophthalmology. 2015;122(1):146-152. doi:10.1016/
j.ophtha.2014.07.041

29. Wai KM, Singh RP. Treat and extend dosing
regimen with anti-vascular endothelial growth
factor agents for neovascular age-related macular
degeneration. Am J Ophthalmic Clin Trials. 2018:1(1):
1-6. doi:10.25259/AJOCT-2-2018

30. Chakravarthy U, Harding SP, Rogers CA, et al.
A randomised controlled trial to assess the clinical
effectiveness and cost-effectiveness of alternative
treatments to Inhibit VEGF in Age-Related
Choroidal Neovascularisation (IVAN). Health
Technol Assess. 2015;19(78):1-298. doi:10.3310/
hta19780

31. Kertes PJ, Galic lJ, Greve M, et al. Canadian
Treat-and-Extend Analysis Trial With Ranibizumab
in patients with neovascular age-related macular
disease: one-year results of the randomized
Canadian Treat-and-Extend Analysis Trial With
Ranibizumab Study. Ophthalmology. 2019;126(6):
841-848. doi:10.1016/j.0phtha.2019.01.013

32. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10.
1001/jama.2013.281053

33. Ho AC, Busbee BG, Regillo CD, et al; HARBOR
Study Group. Twenty-four-month efficacy and
safety of 0.5 mgor 2.0 mg ranibizumab in patients
with subfoveal neovascular age-related macular
degeneration. Ophthalmology. 2014;121(11):2181-2192.
doi:10.1016/j.0phtha.2014.05.009

34. Essex RW, Nguyen V, Walton R, et al; Fight
Retinal Blindness Study Group. Treatment patterns
and visual outcomes during the maintenance phase
of treat-and-extend therapy for age-related
macular degeneration. Ophthalmology. 2016;123
(11):2393-2400. doi:10.1016/j.ophtha.2016.07.012

35. Gillies MC, Hunyor AP, Arnold JJ, et al. Effect of
ranibizumab and aflibercept on best-corrected
visual acuity in treat-and-extend for neovascular
age-related macular degeneration: a randomized
clinical trial. JAMA Ophthalmol. 2019;137(4):372-379.
doi:10.1001/jamaophthalmol.2018.6776

36. Gillies MC, Alex P, Hunyor AP, et al.
Development of macular atrophy in patients with
neovascular age-related macular degeneration
(nAMD) treated with ranibizumab or aflibercept
using a treat-and-extend regimen: preliminary
results from the RIVAL study, a randomized clinical
trial. RANZCO 2018 [abstract 89].
https://ranzcoabstracts.com/abstract/
development-of-macular-atrophy-in-patients-with-
neovascular-age-related-macular-degeneration-
namd-treated-with-ranibizumab-or-aflibercept-
using-a-treat-and-extend-regimen-primary-results-
from-the/. Published 2018. Accessed May 22, 2019.

JAMA Ophthalmology Published online January 9,2020

Downloaded From: https://jamanetwor k.com/ Johns Hopkins Univer sity by Neil Bressler on 02/27/2020

E7


https://dx.doi.org/10.1016/j.ophtha.2008.10.018
https://dx.doi.org/10.1016/j.ophtha.2012.09.006
https://dx.doi.org/10.1016/j.ophtha.2012.09.006
https://dx.doi.org/10.1016/j.ophtha.2012.03.053
https://dx.doi.org/10.1016/j.ophtha.2013.03.046
https://dx.doi.org/10.1016/j.ophtha.2013.03.046
https://dx.doi.org/10.2147/OPTH.S92548
https://www.ncbi.nlm.nih.gov/pubmed/26089632
https://dx.doi.org/10.1016/j.ajo.2007.02.024
https://dx.doi.org/10.1016/j.ajo.2007.02.024
https://dx.doi.org/10.3390/jcm4051079
https://dx.doi.org/10.1186/s12886-017-0451-1
https://dx.doi.org/10.1016/j.ophtha.2015.08.009
https://dx.doi.org/10.1016/j.oret.2016.12.004
https://www.ncbi.nlm.nih.gov/pubmed/28779006
https://www.ncbi.nlm.nih.gov/pubmed/28779006
https://dx.doi.org/10.1038/eye.2017.67
https://dx.doi.org/10.1097/IAE.0000000000001142
https://dx.doi.org/10.1097/IAE.0000000000001142
https://dx.doi.org/10.1016/j.ophtha.2015.02.009
https://dx.doi.org/10.1016/j.ophtha.2015.02.009
https://dx.doi.org/10.1016/j.ophtha.2013.11.031
https://dx.doi.org/10.1016/j.ophtha.2013.11.031
https://dx.doi.org/10.1016/j.ophtha.2017.07.014
https://dx.doi.org/10.1111/aos.13031
https://dx.doi.org/10.1097/IAE.0000000000000978
https://dx.doi.org/10.1097/IAE.0000000000000691
https://dx.doi.org/10.1097/IAE.0000000000000691
https://dx.doi.org/10.1097/IAE.0000000000000814
https://dx.doi.org/10.1097/IAE.0000000000000814
https://dx.doi.org/10.1016/j.ajo.2014.09.011
https://dx.doi.org/10.1038/eye.2015.87
https://dx.doi.org/10.1097/IAE.0000000000000902
https://dx.doi.org/10.1097/IAE.0000000000000902
https://dx.doi.org/10.1136/bjophthalmol-2014-305514
https://dx.doi.org/10.1136/bjophthalmol-2014-305514
https://dx.doi.org/10.1016/j.ophtha.2014.07.041
https://dx.doi.org/10.1016/j.ophtha.2014.07.041
https://dx.doi.org/10.25259/AJOCT-2-2018
https://dx.doi.org/10.3310/hta19780
https://dx.doi.org/10.3310/hta19780
https://dx.doi.org/10.1016/j.ophtha.2019.01.013
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.281053?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540
https://dx.doi.org/10.1016/j.ophtha.2014.05.009
https://dx.doi.org/10.1016/j.ophtha.2016.07.012
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaophthalmol.2018.6776?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
https://ranzcoabstracts.com/abstract/development-of-macular-atrophy-in-patients-with-neovascular-age-related-macular-degeneration-namd-treated-with-ranibizumab-or-aflibercept-using-a-treat-and-extend-regimen-primary-results-from-the/
http://www.jamaophthalmology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaophthalmol.2019.5540

