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ABSTRACT

Introduction: There is little understanding of
long-term treatment persistence in patients
receiving anti-vascular endothelial growth fac-
tor (anti-VEGF) injections for diabetic macular
edema (DME), particularly relating to treatment
intervals. The aim of this study was to investi-
gate the association between treatment interval
and discontinuation rate after 24 months of
unilateral anti-VEGF treatment in patients with
DME under routine clinical care in the USA.

Methods: This was a non-interventional, retro-
spective cohort study to review the health
insurance claims of adults with DME linked with
the IBM MarketScan® Commercial and Medicare
Supplemental databases, who were continuously

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40123-023-00750-9.

S. J. Bakri (X))

Department of Ophthalmology, Mayo Clinic, 200
First St SW, Rochester, MN 55902, USA

e-mail: bakri.sophie@mayo.edu

M.-N. Delyfer

University of Bordeaux, Team “Lifelong Exposures,
Health and Aging” (LEHA), Inserm U1219, Bordeaux
Population Health Research Center, Bordeaux,
France

M.-N. Delyfer
Department of Ophthalmology, Bordeaux
University Hospital, Bordeaux, France

enrolled in a health plan for at least 6 months
prior to their first anti-VEGF treatment and for a
duration of at least 24 months between July 2011
and June 2017. Patients were grouped on the
basis of the injection interval they achieved at
24 months of treatment. Discontinuation rate
beyond 24 months and its association with
treatment intervals at 24 months was estimated
using the Kaplan-Meier method and Cox pro-
portional hazards models.

Results: The overall discontinuationrateamong
the 1702 eligible patients from 24 to 60 months
after treatment initiation was 30%. At
60 months, patients were more likely to remain
on treatment in shorter (75.3% [4-week interval
group]) versus longer treatment interval groups
(62.1% [> 12-week interval group], differ-
ence = 13.2%, [95% confidence interval (CI)
1.06, 2.06], p = 0.01). Patients on a > 12-week
interval were twice as likely to discontinue
treatment compared with those on an 8-week
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interval (hazard ratio = 2.01 [95% CI 1.43, 2.82],
p <0.001).

Conclusion: Patients with DME on longer anti-
VEGF treatment intervals at 24 months consis-
tently had higher discontinuation rates in the
following years than those on shorter treatment
intervals.

Keywords: Anti-vascular endothelial growth
factor; Diabetic macular edema; Treatment

discontinuation; IBM MarketScan®
Commercial and Medicare Supplemental
databases; Injection interval; Ranibizumab;

Bevacizumab; Aflibercept

Why carry out this study?

Evidence suggests that patients with diabetic
macular edema (DME) who do not adhere to
therapy have a higher rate of clinically
significant visual loss than patients who
adhere to standard clinical practice.

This study aimed to assess the association
between treatment interval and a later
possibility of discontinuing anti-vascular
endothelial growth factor treatment in
patients with DME in a real-world setting
in the USA.

What was learned from the study?

In this cohort study, the overall
discontinuation rate from 24 months until
60 months after initiation of therapy was
30%. At 60 months, patients were 13%
more likely to remain on treatment when
they belonged to the 4-week interval group
versus the > 12-week interval group.

The findings of this study support the
need to investigate the reasons why
patients with DME on long treatment
intervals at 24 months tend to be less
persistent with their treatment in the
following years.

Attention should be paid to encourage
follow-up in this group of patients with
long treatment intervals.

INTRODUCTION

Diabetic macular edema (DME) is the most
common ocular complication associated with
type 1 and type 2 diabetes [1-3]. DME burden
may see an upsurge as the global prevalence of
diabetes is predicted to rise by more than 50%
from 2000 to 2030, reaching an estimated 300
million cases by 2025 [4, 5]. In the United States
(USA) and Europe, the prevalence of DME
among patients with diabetes has been found to
be 3.8% and 3.7%, respectively [6-8].

Over the last few decades, treatment options
for DME have evolved considerably with
intravitreal anti-vascular endothelial growth
factor (anti-VEGF) injections becoming first-line
therapy over focal/grid lasers or steroid injec-
tions [9-11]. Patients with DME are typically
younger than those with other common forms
of visual impairment, such as neovascular age-
related macular degeneration and belong to the
working-age population (average age at diag-
nosis is 50years) [12]. Managing multiple
health comorbidities and concomitant medica-
tions can result in suboptimal persistence to
treatment and outcomes in DME, and increased
healthcare resource utilization [13-15].

Treatment persistence with regular follow-up
is crucial for better long-term visual outcomes.
However, persistence can be difficult to achieve
because of the need for frequent intravitreal
injections at specialized sites. Evidence suggests
that patients with DME who are not persistent
to treatment experience a higher rate of clini-
cally significant visionloss compared with
patients who are persistent in routine clinical
practice [16].

To date, there is little understanding of
treatment persistence in patients receiving anti-
VEGF injections for DME, particularly in rela-
tion to treatment intervals. The purpose of this
study was to assess the association between
treatment interval and the later likelihood of
anti-VEGF treatment discontinuation among
patients with DME under routine clinical care in
the USA.
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METHODS

Study Design and Population Selection

We conducted a non-interventional, retrospec-
tive cohort analysis of health insurance claims
data of patients from the USA who received
anti-VEGF treatment for DME for the first time
between 1 July 2011 and 30 June 2017 (inclu-
sive). The study period was from 1 January 2011
to 30June 2020 and data analysis was con-
ducted from October 2021 to February 2022.
This study followed Strengthening the Report-
ing of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Data for this analysis were extracted from the
IBM MarketScan® Commercial and Medicare
Supplemental databases [17]. Authors received
permission to use and access the database from
the database owner. These databases provide
unique identifiers that allow enrollees to be
followed up across institutions and clinicians,
and over time, while preserving their full
anonymity. All enrollment records and inpa-
tient, outpatient, ancillary, and drug claims
were collected in accordance with the Health
Insurance Portability and Accountability Act
(https://www.cdc.gov/phlp/publications/topic/
hipaa.html). As this study constituted of sec-
ondary analyses on fully anonymized data,
institutional review board or additional
informed consent was not required (https://
www.hhs.gov/ohrp/regulations-and-policy/
regulations/45-cfr-46/index.html). Patients
with DME were identified, and comorbidities
were assessed using International Classification
of Diseases 9th/10th Revision Clinical Modifi-
cation (ICD-9/10-CM) codes and anti-VEGFs
(ranibizumab, aflibercept, or bevacizumab) were
identified using National Drug Codes published
by the US Food and Drug Administration (Sup-
plementary Material Table S1) [18, 19].

Adults with DME, who were continuously
enrolled in a health plan for at least 6 months
prior to the date of their first anti-VEGF treat-
ment (cohort entry date) and for a duration of
at least 24 months following cohort entry (ex-
posure assessment window; Study Design in
Fig. 1, adapted from Schneeweiss et al. 2019)

were included [20]. The cohort was restricted to
patients with DME who did not receive anti-
VEGF treatment at any time (at least 6 months)
prior to cohort entry. This ensured the exclu-
sion of heterogeneous data from patients who
had received multiple lines of treatment over
the long term [21]. Time was counted from the
first anti-VEGF injection. Patients were grouped
on the basis of their injection interval at
24 months. Covariates (age at first anti-VEGF
injection, sex, treatment interval group, Charl-
son Comorbidity Index [CCI] score [0, 1, 2, 3+],
treatment type [bevacizumab, aflibercept, or
ranibizumab]), and baseline conditions were
assessed within the 6 months prior to or at
cohort entry. Sex was defined as the gender of
the patient on admissions, services, outpatient
claims and prescription drug claims, of covered
life on populations.

Evidence of bilateral treatment and treat-
ment interval groups were assessed during the
24-month exposure assessment window. Medi-
cation is attributed to a patient in the database,
not to an eye, so it is not possible to assess
treatment interval for patients treated bilater-
ally. Consequently, patients with evidence of
bilateral use of anti-VEGF within 24-month
exposure assessment window, defined as the
presence of at least one period of < 15 days
between any two anti-VEGF injections, were
excluded from the analysis. Treatment interval
at 24 months was defined in the remaining
unilateral patients as the average treatment
interval over the last three intervals in the
exposure assessment window.

Follow-up began on the day following the
24-month exposure assessment window and
continued until the earliest of the following
censoring events: end of the study period (30
June 2017); end of continuous health plan
enrollment; or discontinuation of any anti-
VEGF treatment. Patients were considered to
have discontinued treatment if they did not
receive anti-VEGF injection(s) for at least
12 months in any healthcare setting while still
enrolled in a health plan, regardless of any
subsequent injection after the 12-month period.
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Exclusion assessment window
(no exposure to any anti-VEGF)
Days [-, -1]

Exclusion assessment window

(no evidence of DME)
Months [-6, 0]

Exclusion assessment window
(intermittent medical and drug coverage)
Months [-6, 0]

Exclusion assessment window
(age <18, no injection of any anti-VEGF)
Days [0, 0]

Z

Covariate assessment
(baseline conditions, age, sex)
Months [-6, 0]

1st January 2011 Cohort entry data

(first injection of any anti-VEGF)

Fig. 1 Study design. The study design is adapted from
Schneeweiss et al. 2019 [20]. The study period was from
1 January 2011 to 30 June 2020. Eligibility criteria and
data on covariates and baseline characteristics were assessed
in the 6 months prior to the cohort entry date (date of the
first anti-VEGF injection). Treatment interval groups and
evidence of bilateral treatment were assessed during the

Study Outcomes

The first study aim was to report the discon-
tinuation rate after 24 months of anti-VEGF
treatment until 36, 48, and 60 months and
time-to-discontinuation based on treatment
interval groups at 24 months (4-week [16—
34 days], 6-week [35-48 days], 8-week [49--
62 days], 10-week [63-76days], 12-week
[77-90 days], and > 12-week [> 90 days]).

The second aim was to assess the character-
istics of patients with DME within each treat-
ment interval group: demographic (sex, age at
cohort entry [continuous], calendar year of
cohort entry, age group [18-39, 40-64, 65-74,
and 75+], region of residence, employment
status, and payer type) and clinical characteris-
tics (CCI score and specific comorbidities [Sup-
plementary Material Table S2]) at cohort entry;
and to assess discontinuation rates and time-to-
discontinuation based on injection number
(1-3, 4-8, 9-13, 14-18, 19-23, and > 24 injec-
tions) in the 24 months following cohort entry.

Exposure assessment window
injection frequency, persistent to treatment, bilaterality

Months [0, 24]

AN
Follow-up window

30" June 2020

24-month exposure assessment window. The follow-up
window began on the day following the exposure assess-
ment window and continued until the end of the study
period, end of continuous health plan enrollment, or
discontinuation of anti-vascular endothelial growth factor
treatment. DME, diabetic macular edema; VEGF, vascular
endothelial growth factor

The following sensitivity analyses were
defined a priori and performed simultaneously
to the primary analysis to support findings: (1)
time-to-discontinuation in patients that dis-
continued treatment permanently (i.e., no fur-
ther injections observed following the
12-month discontinuation period); (2) time-to-
discontinuation in patients for whom further
injections were observed following the
12-month period without anti-VEGF use; (3) an
analysis using a discontinuation period of
6 months as opposed to 12 months (including
both patients that discontinued permanently
and those who received further injections fol-
lowing the discontinuation period); and (4)
analysis using periods of < 21days and
< 25days (as opposed to 15 days) to define
bilateral anti-VEGF treatment.

Statistical Analyses

Demographic and clinical characteristics were
descriptively summarized. The Kaplan-Meier
method was wused to estimate time-to-
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discontinuation and the log-rank test to analyze
the differences between treatment interval
groups. p values were based on two-sided tests
and were not adjusted for multiple analyses.
Mean time-to-discontinuation was estimated,
and multivariable-adjusted Cox proportional
hazard models were used to identify the factors
associated with the likelihood of discontinua-
tion. The primary model used treatment inter-
val at 24 months as the predictor of interest
with adjustment made for the sex, age at first
anti-VEGF injection, CCI score, injection type,
and year of cohort entry.

Several alternative model analyses were also
performed to examine the robustness of the
primary model (Supplementary Material
Table S3). Alternative models 1 and 2 did not
include adjustment for CCI score and models 2
and 3 included a set of two-way interactions
allowing the impact of treatment intervals to
vary across type of anti-VEGF agent. Statistical
analyses were conducted using R software ver-
sion 3.4.3 (2017-11-30) [22].

Additional sensitivity analyses to evaluate
the impact on treatment discontinuation of
being of working/retirement age (defined as
18-65/> 65 years old) and presence/absence of
vitrectomy or focal/grid laser procedures were
performed using Cox proportional hazard
models (Supplementary Material Table S4).

RESULTS

The analysis cohort included 1702 continuously
enrolled patients who had a DME diagnosis in
the 6 months prior to the first anti-VEGF injec-
tion and were on continuous unilateral anti-
VEGF treatment for at least 24 months follow-
ing the first anti-VEGF injection. Of 13,155 eli-
gible patients continuously enrolled in a health
plan for 24 months following their first anti-
VEGF injection, 9726 (74%) patients discon-
tinued treatment in the first 24 months and
were not included in the final analysis cohort:
47% of patients who discontinued within
24 months did so within the first 3 months,
79% did so within the first year, and 21% dis-
continued in the second year. Among patients
with continuous treatment for 24 months,

49.7% had evidence of bilateral anti-VEGF use
and were also excluded from the analysis cohort
(Supplementary Material Fig. S1).

Baseline demographics and clinical charac-
teristics of the analysis cohort were well bal-
anced between treatment interval groups
(Supplementary Material Table S2). Briefly, the
mean (SD [standard deviation]) age of the
analysis population was 60.7 (12.0) years with
the majority (66%) in the 40-65 years age
group; most patients were men (55%). At cohort
entry, 53%, 25%, and 22% had been treated
with bevacizumab, ranibizumab, and afliber-
cept, respectively. The mean (SD) CCI score at
the time of the first anti-VEGF injection was 2.4
(2). The most prevalent comorbidities were
hypertension (66%) and elevated cholesterol
(58%; Supplementary Material Table S2). The
ICD-9/10-CM diagnoses codes used for diagno-
sis of comorbidities “hypertension” and “ele-
vated cholesterol” are detailed in
Supplementary Material Table S5.

As per assignment to treatment interval
group at 24 months, the majority of patients
were on a longer (> 12 weeks) treatment regi-
men: 4-week group (n=116); 6-week group
(n=352); 8-week group (n=333); 10-week
group (n = 248); 12-week group (n = 186); and
> 12-week group (n=467). The mean (SD)
numbers of injections during the first and sec-
ond year of treatment were 7 (2.7) and 6 (2.6),
respectively.

The overall discontinuation rate at
60 months, including 24 months of continuous
anti-VEGF treatment (i.e., primary outcome
measure), was 30.0%. Kaplan-Meier survival
analysis of time-to-discontinuation suggested
that patients were more likely to discontinue
treatment in the longer versus shorter treat-
ment interval groups (p < 0.001; Fig. 2) beyond
24 months. At 60 months, fewer patients
remained on anti-VEGF treatment in the > 12-
week interval group (62.1%) compared with the
4-week interval (75.3%) group (Table 1), differ-
ence = 13.2%, 95% confidence interval (CI)
1.06, 2.06; p = 0.01. Similarly, an increase in
discontinuation with treatment interval was
also evidenced from 24 to 36 months (11%
fewer patients remaining in the > 12-week vs
4-week interval group; 95% CI 0.91, 1.46;
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100%

80%

Log-rank
60% p<0.001
Strata
-+ 4 weeks
~+ 6 weeks
8 weeks
10 weeks
— 12 weeks
-+ >12 weeks

40%

Patients remaining on any anti-VEGF

T T T
24 30 36

T T T T
42 48 54 60

Time to discontinuation (in months)

Number at risk: n (%)

— 116 (100) 95 (82) 69 (59)
— 352(100) 255 (72) 172 (49)
333 (100) 248 (74) 182 (55)
248 (100) 197 (79) 129 (52)
— 186 (100) 134 (72) 80 (43)
— 467 (100) 344 (74) 234 (50)

Fig. 2 Primary outcome measure: Time-to-discontinua-
tion following 24 months of treatment based on treatment
interval (4-week [16-34 days], G-week [35-48 days],
8-week [49-62 days], 10-week [63-76 days], 12-week
[77-90 days], and > 12-week [> 90 days]). Kaplan—Meier

survival curve of time-to-discontinuation by average

p=0.01) and 48 months (12% fewer patients
remaining in the > 12-week vs 4-week interval
group; 95% CI 1.00, 1.77; p = 0.005).

This result held true after correction for sex,
age at first anti-VEGF injection, CCI score,
injection type, and year of cohort entry. Esti-
mated hazard ratios (HR) from the primary
multivariable-adjusted Cox proportional hazard
model demonstrated that patients on longer
treatment intervals beyond 24 months had an
increased risk of discontinuation (10-week
interval group, HR [95% CI)] 1.17 [0.79, 1.77];
12-week interval group, HR [95% CI] 1.97 [1.27,
3.04], p=0.002; reference, 8-week interval
group) (Table 2). Patients from the > 12-week
interval group were twice as likely to discon-
tinue treatment compared with those in the

52 (45) 38 (33) 21 (18) 16 (14)
107 (30) 68 (19) 42 (12) 24 (7)
113 (34) 80 (24) 57 (17) 38 (11)
83 (33) 57 (23) 40 (16) 25 (10)
53 (28) 25 (13) 13 (7) 8 (4)

144 (31) 81 (17) 52 (11) 32(7)

treatment interval over the three injections prior to and
including the 24-month visit of the exposure assessment
window. The log-rank test for equality of survival
functions indicates differences between treatment interval
groups. VEGF, vascular endothelial growth factor

8-week interval group (HR [95% CI] 2.01 [1.43,
2.82], p < 0.001) (Table 2).

The result on discontinuation increasing
with injection interval also held true regardless
of whether patients were of retirement age (de-
fined here as > 65 years old) or not, although
the findings were not significant (HR [95% CI]
1.20 [0.81-1.79], p < 0.345] (Supplementary
Material Table S4). Sensitivity analyses of the
subset of 866 patients who never received vit-
rectomy and/or focal/grid laser interventions
reported hazard ratios for the treatment interval
groups 10, 12, and > 12 weeks as 1.94, 3.54, and
2.74, respectively, with significant p values of
0.04, 0.0004, and 0.0012.

Additional modelling confirmed that the
observed effects were robust. We re-ran the
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Table 1 Patients remaining on anti-vascular endothelial growth factor treatment at 36, 48, and 60 months across the

treatment interval groups

Treatment interval group at 24 months

36 months (%)

48 months (%) 60 months (%)

Total 84.3
4 weeks 89.6
6 weeks 86.0
8 weeks 88.1
10 weeks 87.4
12 weeks 80.7
> 12 weeks 78.7

74.2 70.0
78.0 753
77.9 75.5
81.3 75.7
76.1 73.0
70.2 58.9
66.3 62.1

analysis using alternative models with different
model specifications. The results from the three
models supported the main model that patients
on longer treatment intervals have an increased
risk of treatment discontinuation (Supplemen-
tary Material Table S3).

Sensitivity analyses supported the outcomes
of the primary analysis. Namely, the same
finding of increased discontinuation in patients
with longer treatment intervals beyond
24 months was observed in sensitivity analyses
conducted for (a) patients that discontinued
treatment permanently, (b) patients for whom
further injections were observed following the
12-month discontinuation period, (c) a discon-
tinuation period of 6 months, (d, e) and bilat-
eral disease periods of < 21 days and < 25 days
(Supplementary Material Fig. S2).

Results of the association between the num-
ber of injections within the 24-month exposure
assessment period and anti-VEGF treatment
discontinuation beyond 24 months of treat-
ment were consistent with the primary analysis
(Fig. 3). For patients stratified into groups of
1-3, 4-8, 9-13, 14-18, 19-23, and > 24 injec-
tions in the first 24 months of treatment, time-
to-discontinuation was shorter for patients with
fewer injections.

DISCUSSION

This retrospective, non-interventional cohort
study of the US claims data from patients with

DME treated with anti-VEGF treatments in a
routine clinical care setting indicated that
patients with DME on longer treatment inter-
vals (> 12 weeks) at the end of their first
24 months of treatment had an increased like-
lihood of anti-VEGF treatment discontinuation
in the years beyond. The results were supported
by analyses on an alternative variable to define
treatment intensity in the first 24 months
(number of injections instead of last treatment
interval) and were robust to sensitivity analyses
around patients that discontinued treatment
permanently, and to population adjustments
based on patient demographic and clinical
characteristics at the start of anti-VEGF treat-
ment. To our knowledge, this is the first analysis
investigating the association between anti-
VEGF injection interval and discontinuation in
patients with DME. This is also the first time
such a result is reported, and it is contrary to the
popular belief that a high treatment burden
leads to increased discontinuation in patients
with DME.

The overall discontinuation rate of 30% from
24 to 60 months observed in our study corre-
sponded well with another study of patients
with DME in a similar setting, which reported
28% discontinuation during the first 24 months
of anti-VEGF therapy [23]. In the Fight Retinal
Blindness! Study, comparing 12-month anti-
VEGF treatment outcomes in routine clinical
practice, the discontinuation rate in treatment-
naive patients with DME was lower (16%);
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Table 2 Estimated hazard ratios (standard error) for risk
of discontinuation for patients with diabetic macular
edema and unilateral continuous treatment for 24 months

Variable HR (95% CI)

Treatment interval group (reference 8 weeks)

4 weeks 0.86 (0.50, 1.49)
6 weeks 1.22 (0.83, 1.80)
10 weeks 1.17 (0.79, 1.77)
12 weeks 1.97 (1.27, 3.04)*
> 12 weeks 2.01 (143, 2.82)°
Age at first anti-VEGF, per decade 1.04 (0.95, 1.14)
Male gender (reference female) 0.93 (0.75, 1.17)
CCI score (reference score 0)
1 1.32 (0.71, 2.47)
2 1.23 (0.68, 2.23)
3+ 1.32 (0.72, 2.41)

Treatment type cohort entry (reference bevacizumab)
Aflibercept 0.96 (0.66, 1.37)

Ranibizumab 1.07 (0.83, 1.38)

HRs for the risk of discontinuation were calculated using
Cox proportional hazards regression with treatment
interval being the predictor of interest and adjustment for
the following at cohort entry: sex, age, CCI score, treat-
ment type, and year of cohort entry (as fixed effects)
CCI Charlson Comorbidity Index, CI confidence interval,
HR hazard ratio, VEGF vascular endothelial growth factor
% = 0.002

Py < 0.001

however, the sample size (n = 383) was smaller
than for the current study [24]. A more recent
analysis that included clinical trials of anti-
VEGFs for the treatment of DME reported a
mean discontinuation rate of 14% over a med-
ian study duration of 1lyear (range
12 weeks-3 years) [25]; however, these rates are
expected to be lower than those in a real-world
scenario because clinical trials are often
designed to include homogenous and highly
specific patient populations with many resour-
ces to reduce patient dropout.

Identification of factors associated with
treatment persistence and reasons for discon-
tinuation (e.g., treatment burden, lack of con-
tinued efficacy) and the associated exit
strategies (e.g., switch to corticosteroid therapy)
can be helpful in developing strategies to
improve the visual function of patients with
diabetes. As reasons for discontinuations were
not available from our database, we investigated
instead factors associated with treatment
persistence.

Treatment interval patterns during the last
three intervals before 24 months show that
27.4% patients from our study were on a longer
(> 12 weeks) treatment regimen at 24 months
after the start of the anti-VEGF treatment.
Patients in this > 12-week interval subgroup
were twice as likely to discontinue treatment
compared with the 8-week interval group. The
higher discontinuation observed for this sub-
group could partly be attributable to patients
not fully recognizing the usefulness of treat-
ment when they have longer treatment inter-
vals, lower disease activity, and a lack of
noticeable improvement after every injection—
which taken together could lead to the percep-
tion among patients that treatment is no longer
required.

Patients with diabetes have complex comor-
bidity profiles, which might not allow injec-
tions to be given at regular intervals [15].
Overall healthcare utilization is also reported to
be high for patients with DME [26]. In patients
with more active disease, frequent treatment
(e.g., monthly) can lead to treatment fatigue
resulting in lack of treatment persistence, which
can be minimized through adaptive treatment
regimens such as treat and extend or pro re
nata. Owing to the heterogeneity of the claims
data, it was not possible to determine whether
treat and extend or pro re nata regimens were
applied.

Overall, the proportion of patients still
receiving either monthly or bimonthly treat-
ment at 24 months was approximately 47%,
highlighting a high proportion of patients with
“high treatment burden”, i.e., being treated at
most every 8 weeks. The burden of treatment
would be less if longer injection intervals cor-
related with longer visit intervals, enabling
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100%

80%

Log-rank

60%-  p<0.001

Strata

-+ 1-3
- 4-8
9-13
14-18
~ 19-23
-+ >=24

40%

Patients remaining on any anti-VEGF

24 30 36

42 48 54 60

Time to discontinuation (in months)

Number at risk: n (%)

— 10(100) 6 (60) 4 (40)
— 373(100) 275 (74) 180 (48)
688 (100) 517 (75) 344 (50)
470 (100) 353 (75) 252 (54)
— 147 (100) 112 (76) 78 (53)
—  14(100) 10 (71) 8 (57)

Fig. 3 Time-to-discontinuation based on number of
injections (1-3, 4-8, 9-13, 14-18, 19-23, and > 24
injections) in the 24-month exposure assessment window.
Kaplan—Meier survival curve of time-to-discontinuation.

patients to travel less to their treatment site.
Data on patient visits without an injection
versus with an injection were not explored in
this analysis, however, and would make an
interesting topic for further study.

The burden of frequent injections for DME
treatment is often particularly felt for working
age patients (approximately 70% of patients in
this analysis), given the need for frequent
absences from work to attend appointments.
Longer treatment intervals would be expected
to have a favorable impact on continuing
treatment in this population. However, our
analyses did not detect any impact of being of
working age on discontinuation between 24
and 60 months after treatment initiation.

The patients with DME receiving the most
frequent injections had the highest persistence
with treatment in this analysis. As a result of a
lack of visual acuity and anatomical data,

3(30) 1(10) 1(10) 0(0)
108 (29) 62 (17) 38 (10) 20 (5)
224 (33) 140 (20) 92 (13) 62 (9)
162 (34) 112 (24) 74 (16) 44 (9)
48 (33) 29 (20) 17 (12) 14 (10)

7 (50) 5 (36) 3(21) 3(21)

The logrank test for equality of survival functions
indicates differences between treatment interval groups.
VEGEF, vascular endothelial growth factor

however, it was not possible to discriminate
between patients who were lost to follow-up
and intentional discontinuation by patients
and their physicians because of treatment
futility or resolution of disease activity. Inter-
ventions like vitrectomy and/or focal/grid laser
procedures may provide longer-lasting resolu-
tion of DME potentially leading to treatment
discontinuation [27]. Again, in this analysis, we
observed that patients without vitrectomy and/
or focal/grid laser procedures also reported a
higher discontinuation rate with longer injec-
tion interval at 24 months, so that possible
resolution of DME following vitrectomy and/or
focal/grid laser procedure does not appear to be
the driver of increased discontinuation in the
longer injection interval group. Further research
should be conducted in databases that contain
clinical and/or patient-reported outcomes, and/
or treatment strategies, to determine the
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reasons for greater treatment discontinuation in
patients with longer treatment intervals, which
was not possible in the current analysis.

The strength of our study includes an anal-
ysis population from a large database with over
1700 patients with DME receiving anti-VEGFs
in a routine clinical care setting from the USA
with a long follow-up time of several years.
However, a few limitations of this study should
also be considered. MarketScan is a US-based
claims database that contains information on
patients enrolled in health insurance programs
[17, 28]. This makes it reliant upon the accuracy
of the medical coding and billing information.
Thus, medication use may be overestimated in
such databases, since drug prescriptions are
used as a proxy for medication use; further-
more, the analysis may also be affected by
unobserved differences between patients, and
deceased patients may remain in the dataset for
a certain period. Also, in our analysis it was not
possible to distinguish between patients treated
unilaterally or bilaterally, which was addressed
through the exclusion of patients with consec-
utive treatments within 15 days. The proportion
of patients with evidence of bilateral injections
in the first 24 months was 49.7%, which is in
line with proportions reported in previous
studies for patients with DME [29, 30]. These
patients were excluded from the analysis; only
patients who had unilateral anti-VEGF in the
first 24 months were studied. Another area of
future investigation could be whether the
change in visual acuity from the onset of anti-
VEGF treatment is predictive of risk of
discontinuation.

CONCLUSION

Our results emphasize that patients are able to
tolerate a higher treatment burden. These find-
ings should encourage physicians to continue
to treat patients in accordance with their disease
activity without the worry that patients will
“burn out”. Also, patients on longer injection
intervals can still be seen regularly in clinic in
between injection visits. Reinforcing the need
for ongoing treatment may be important for
patients on longer intervals, who may feel

complacent or that treatment is no longer
effective, particularly if newer agents become
widely available that are longer lasting without
sacrificing visual acuity outcomes noted with
current available agents.
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