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ABSTRACT

Introduction: Anti-vascular endothelial growth
factor therapy is the standard of care for neo-
vascular age-related macular degeneration
(nAMD). The dosage of two licensed agents,
ranibizumab and aflibercept, was established
through clinical trials; however, it is unclear if
either agent is administered as recommended in
routine clinical practice. Using pharmacy claims
data, we investigated if the dispensing patterns
of ranibizumab differ from those of aflibercept 6
and 12 months after treatment initiation.
Methods: Prescription data retrieved from the
Australian IMS� AUS LRx database were used to
identify nAMD patients with one or more
claims for ranibizumab or aflibercept between

December 1, 2012, and March 31, 2015, with
follow-up of at least 6 months. The number of
ranibizumab and aflibercept units dispensed
was adjusted for baseline patient Medica-
tion-Based Disease Burden Index (MBDBI)
scores. No difference in the number of ranibi-
zumab versus aflibercept units dispensed was
concluded if the 95% confidence interval (CI)
limits of the adjusted mean difference between
the study cohorts were 1.00 unit or less.
Results: Baseline patient MBDBI scores were
similar for the ranibizumab (N = 1235) and
aflibercept (N = 959) cohorts. The adjusted
mean (standard deviation) number of units
dispensed was 5.3 (1.3) versus 5.1 (1.4) at
month 6 and 8.9 (2.2) versus 8.9 (2.3) at month
12. The 95% CI limits of the adjusted mean
difference did not exceed 1.00 unit dispensed at
either time point: 95% CI of 0.09 to 0.32 for an
adjusted mean difference of 0.20 at month 6
and -0.23 to 0.30 for an adjusted mean differ-
ence of 0.04 at month 12. Mean (standard
deviation) dispensing intervals were compara-
ble for both cohorts: 35.3 (19.2) days versus 36.8
(20.0) days at month 6 (adjusted mean differ-
ence -1.59 days; 95% CI –2.51 to -0.67 days)
and 41.2 (20.9) days versus 41.6 (20.4) days at
month 12 (adjusted mean difference -0.40
days; 95% CI -1.70 to 0.91 days).
Conclusions: Ranibizumab and aflibercept are
dispensed in a similar manner by Australian
pharmacies during the first year of treatment.
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INTRODUCTION

Age-related macular degeneration (AMD), a
chronic disorder of the retina, is a leading cause
of progressive vision loss in individuals
aged 65 years or older in the industrialized
world, including Australia [1, 2]. In 2010, it was
estimated that more than one million Aus-
tralians had AMD, resulting in annual economic
losses of more than $5 billion [3]. There are two
main types of AMD: ‘‘dry’’ AMD, or atrophic
AMD, and ‘‘wet’’ AMD, or neovascular AMD
(nAMD). Of these, nAMD represents 10–20% of
all AMD cases yet is responsible for 80–90% of
the severe vision loss associated with AMD [4].
nAMD is characterized by the formation of
abnormal blood vessels from the choroid
toward the retina (a process called ‘‘choroidal
neovascularization’’), which can exude fluid,
causing progressive degeneration of the pho-
toreceptors and the retinal pigment epithelium.
Without early diagnosis and treatment, nAMD
can progress rapidly, leading to severe visual
impairment and irreversible blindness in the
affected eye [5].

The introduction of anti-vascular endothe-
lial growth factor (VEGF) therapy has revolu-
tionized the treatment of nAMD, contributing
to the visual improvement of patients while
reducing public health expenditure due to the
consequences of vision impairment [3, 6]. In
Australia, the standard care for the treatment of
nAMD involves intravitreal injections of
licensed anti-VEGF agents, ranibizumab or
aflibercept. Ranibizumab was first listed on the
Australian Pharmaceutical Benefits
Scheme (PBS) in August 2007, with aflibercept
first listed in December 2012 [7]. Despite the
recommended 4-weekly (i.e., monthly) dosing
interval on the product label, a ‘‘treat-and-ex-
tend’’ (T&E) protocol (approved in 2016) is the
predominant treatment regimen used for rani-
bizumab in Australian clinics—after three

consecutive monthly injections during the
loading phase, retreatment intervals may be
extended by 1–2 weeks in a stepwise manner
(capped at 12 weeks) at the treating physician’s
discretion using retreatment criteria based on
morphological and visual parameters without
the need for additional assessment visits [8, 9].
For aflibercept, the recommended dosing regi-
men on the product label is three monthly
loading doses followed by injection at fixed
intervals of 8 weeks [10]. Accordingly, clinicians
who follow the recommended dosing as per the
product label would be expected to administer
13 ranibizumab or 8 aflibercept doses for each
affected eye in the first year of treatment; in
contrast, T&E regimens require a minimum of
seven injections of both agents during the same
period [11, 12].

Identifying the optimum treatment regimen
fornAMDpatients remains anongoingchallenge,
the primary goal of which is to minimize the
number of intravitreal injections and patient vis-
its without compromising visual improvement.
Available clinical trial evidence suggests that the
recommended dosing frequency for aflibercept is
less burdensome than that for ranibizumab
[12, 13]; however, analysis of observational data
retrieved from the Fight Retinal Blindness registry
demonstrated that visual outcomes and the
number of injections did not differ between
ranibizumab- and aflibercept-treated patients
12 months after the initiation of treatment [14].
Recent studies have also explored the use of
physician-level medical claims databases and
electronic medical records (EMR) to assess the
real-world use of anti-VEGF agents for the treat-
ment of nAMD and other retinal diseases [14–20].
Several of these studies have shown that, on
average, the number of ranibizumab injections
received by nAMD patients in the first year of
treatmentwas lower than that expected ifpatients
had been treated strictly according to the label
instructions [14–16].

To better understand the real-world use of
ranibizumab and aflibercept for the treatment of
nAMD, we assessed the dispensing patterns of
both agents 6 and 12 months after the index date
using prescription data provided by Australian
pharmacies, where the index date is defined as
the date of the first recorded dispensing of
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ranibizumab or aflibercept to a patient by a
pharmacy. The primary objective of this study
was to analyze and compare dispensing patterns
of ranibizumab and aflibercept on the basis of the
mean number of units dispensed at these
post-index assessment time points. We con-
cluded that the number of dispensed units of
ranibizumab was not greater than the number of
dispensed units of aflibercept if the 95% confi-
dence interval (CI) limits of the cohort adjusted
mean differences (ranibizumab-aflibercept) did
not exceed 1.00 unit.

METHODS

Ethics Statement

This study was designed, conducted, and
reported in accordance with the guidelines for
good pharmacoepidemiology practices of the
International Society for Pharmacoepidemiol-
ogy [21], the Strengthening the Reporting of
Observational Studies in Epidemiology guideli-
nes [22], and the ethical principles stated in the
Declaration of Helsinki [23]. For this study, all
patient identifiers were removed; thus, formal
patient informed consent was not required.

Study Design and Patient Selection

This retrospective cohort study used prescrip-
tion data extracted from the IMS� AUS LRx
09/2015 database managed and provided by
QuintilesIMS (http://www.imshealth.com). The
study included patients with a pharmacy record
of receiving at least one unit of ranibizumab
(PBS code 10138 N or 1382R) or aflibercept (PBS
code 2168D) in the database during the identi-
fication period of December 1, 2012 to March
31, 2015, inclusive. The costs for both anti-
VEGF agents were reimbursed by the PBS for the
treatment of nAMD only during this period
[24–27]. Patients were required to not have any
recorded anti-VEGF therapy in the 6 months
before the index date. Inclusion criteria also
required that patients received their index agent
(i.e., the recorded anti-VEGF agent dispensed to

a patient on the index date) from a pharmacy
that submitted at least one claim of any phar-
maceutical agent to the database each calendar
month for a period of six consecutive months
(1 month equals 30 days) before and after the
index date—a total of 13 months including the
month with the claim indicating the index
date. This criterion ensured that the pharmacy
was actively submitting claims during the entire
pre- and post-index period. Patients were
excluded from the study if they had: (1) a record
of receiving both ranibizumab and aflibercept
on the index date; (2) a record of receiving any
anti-VEGF therapy before December 1, 2012; or
(3) a record of receiving bevacizumab during the
6 months before the index date, including the
index date, and any time during the follow-up
period.

The data were divided into ranibizumab and
aflibercept cohorts according to the recorded
index agent received by a patient. Following
application of the inclusion and exclusion cri-
teria, the final study cohorts—that is, those
patients who persisted with their respective
index agent for 6 and 12 months after the index
date—were identified.

Study Objectives and Variables

Patient characteristics such as age and sex were
not well populated in the IMS� AUS LRx
09/2015 database, and were therefore not com-
puted at the index date. Instead, the Medica-
tion-Based Disease Burden Index (MBDBI) [28]
was used as a metric to compare baseline char-
acteristics of the ranibizumab and aflibercept
cohorts. The MBDBI includes drugs and drug
classes corresponding to 20 chronic disease
conditions and their associated weightings. If a
patient’s medication regimen contained any
MBDBI-listed disease, that patient was assigned
a disutility weighting corresponding to a given
disease condition. The total score on the MBDBI
was calculated as the sum of weightings for the
various drugs and drug classes present in a given
regimen. The MBDBI score was calculated on
the basis of all medications co-prescribed in the
6 months before and including the index date.
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The primary study objective was to demon-
strate that the number of dispensed units of
ranibizumab was not greater than the number
of dispensed units of aflibercept. For this, we
compared the mean number of units of each
agent dispensed (i.e., the primary study out-
come) for the final study cohorts at 6 and
12 months after the index date (herein referred
to as month 6 and month 12). We concluded
that there was no difference in the number of
dispensed units of ranibizumab versus afliber-
cept if the 95% CI limits of the adjusted mean
difference (ranibizumab-aflibercept) did not
exceed 1.00 unit, which was deemed to be
meaningful from a pharmacy administration
and health authority reimbursement
scheme perspective [29].

The secondary outcomes of the study inclu-
ded the dispensing interval (i.e., number of days
between recorded receipts of ranibizumab or
aflibercept) for the final study cohorts at month
6 and month 12. Additional secondary out-
comes were the proportion of patients who: (1)
persisted with the index agent; (2) switched the
index agent to the comparator agent; (3) dis-
continued use of the index agent (defined as a
patient having no record of receiving units of
the index agent for at least 120 days, i.e.,
4 months post-index date); and (4) restarted use
of the index agent during the 6- and 12-month
post-index periods. These groups were mutually
exclusive; for example, patients who were
recorded as switching from or restarting use of
their index agent were not considered as having
discontinued use of their index agent in the
analysis presented here.

Statistical Analysis

All statistical tests were performed with SAS
version 9.4 (SAS Institute, Cary, NC, USA), with,
where necessary, the ranibizumab cohort as a
reference. Descriptive data are reported as the
mean and standard deviation (SD) or propor-
tions (percentages). Difference in proportion
tests were used to compare the proportion of
patients displaying comorbidities in the MBDBI
for each anti-VEGF cohort. Analysis of variance

was used to assess the difference in the number
of dispensed units between the two final study
cohorts. Estimation of the mean difference in
days between dispensed units for the ranibizu-
mab and aflibercept cohorts was performed
with generalized estimating equations. All
adjusted models controlled for baseline MBDBI
scores. Kaplan–Meier curves and log-rank tests
were used to calculate the time to discontinua-
tion of use of or switching from the index agent
at month 6 and month 12. The risk of discon-
tinuation of use of index agent or switching
from the index agent to the comparator agent at
both assessment time points was calculated
with Cox proportional hazards models.

RESULTS

Study Population and Cohorts

Among the patients registered in the IMS� AUS
LRx 09/2015 database, 5130 patients had at
least one record of receiving ranibizumab and
2639 patients had at least one record of receiv-
ing aflibercept in the identification period. The
primary analysis set comprised those patients
with no recorded anti-VEGF therapy 6 months
before the index date and who had received
their index agent from a dispensing pharmacy
that had submitted at least one claim (for any
pharmaceutical agent) to the database each
calendar month for 6 and 12 consecutive
months after the index date. For ranibizumab,
the respective patient numbers were 2412
(47.0%) and 1758 (34.3%); for aflibercept, the
corresponding patient numbers were 1711
(64.8%) and 1119 (42.4%). Application of the
additional inclusion and exclusion criteria
yielded final month 6 study cohorts comprising
1235 ranibizumab patients (24.1%) and 959
aflibercept patients (36.3%); the final month 12
study cohorts comprised 578 ranibizumab
patients (11.3%) and 483 aflibercept patients
(18.3%). The primary outcome of the study
together with the mean dispensing interval was
measured and compared using these final study
cohorts (Fig. 1).
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Primary Study Outcome

Baseline patient comorbidities as determined by
the MBDBI were similar for the final ranibizu-
mab and aflibercept cohorts at both assessment
time points (Table 1). The mean (SD) number of
units dispensed for the ranibizumab and
aflibercept cohorts at month 6 was 5.3 (1.3) and
5.1 (1.4), respectively (adjusted mean difference
0.2; 95% CI 0.09 to 0.32). At month 12, the
values were 8.9 (2.2) for the ranibizumab cohort
and 8.9 (2.3) for the aflibercept cohort (adjusted
mean difference 0.04; 95% CI -0.23 to 0.30)
(Table 2, Fig. 2).

The frequency distributions for the number
of units dispensed at month 12 for the ranibi-
zumab and aflibercept cohorts were comparable
(Fig. 3). Most ranibizumab patients (93.9%,
543/578) were treated less frequently than the

label-recommended monthly dosing schedule,
while half of the aflibercept patients (50.1%,
242/483) required more frequent treatment
than the label recommendation.

Secondary Study Outcomes

The mean (SD) dispensing interval for the
ranibizumab cohort was similar to that for the
aflibercept cohort at both assessment time
points: 35.3 (19.2) days versus 36.8 (20.0) days
(adjusted mean difference of -1.59 days; 95%
CI –2.51 to –0.67 days) at month 6 and 41.2
(20.9) days versus 41.6 (20.4) days (adjusted
mean difference of -0.40 days; 95% CI -1.70 to
0.91 days) at month 12 (Table 3, Fig. 4).

Comparison of the proportion of patients
who persisted with, switched from, discontin-
ued use of, or restarted use of the index agent

Pa�ents not receiving two
different an�-VEGF therapies
on the index date

5130 (100%) 2630 (99.7%)

Pa�ents with no record of
receiving an�-VEGF 6 months
prior to index date

2963 (57.8%) 2373 (89.9%)

Month 6 primary analysis set:
Dispensing pharmacy has ≥ 1
claim for any pharmaceu�cal
agen�n each calendar month
for 6 months pre- and post-
index date

2412 (47.0%) 1711 (64.8%)

Month 6 final cohort data: At
least 6 months follow-up from
index date. The primary
objec�ve was tested using this
cohort.

1235 (24.1%) 959 (36.3%)

Receipt of at least one unit of
ranibizumab or aflibercept
between 01-Dec-2012 and 31-
Mar-2015

5130 (100%) 2639 (100%)

AfliberceptRanibizumab
Pa�ents remaining

Pa�ents not receiving two
different an�-VEGF therapies
on the index date

5130 (100%) 2630 (99.7%)

Pa�ents with no record of
receiving an�-VEGF 6 months
prior to index date

2963 (57.8%) 2373 (89.9%)

Month 12 primary analysis set:
Dispensing pharmacy has ≥ 1
claim for any pharmaceu�cal
agen�n each calendar month
for 6 months pre- and 12
months post-index date

1758 (34.3%) 1119 (42.4%)

Month 12 final cohort data: At
least 12 months follow-up from
index date. The primary
objec�ve was tested using this
cohort.

578 (11.3%) 483 (18.3%)

Receipt of at least one unit of
ranibizumab or aflibercept
between 01-Dec-2012 and 31-
Mar-2015

5130 (100%) 2639 (100%)

AfliberceptRanibizumab
Pa�ents remaining

Month 6 Month 12

Fig. 1 Development and attrition of the ranibizumab and aflibercept cohorts at month 6 and month 12. VEGF vascular
endothelial growth factor
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Table 1 Number and proportion of patients displaying comorbidities of the Medication-Based Disease Burden Index

Comorbidities Ranibizumab cohort N (%) Aflibercept cohort N (%) P

Month 6 (180 days) N = 1235 N = 959

No disease 1011 (81.86%) 809 (84.36%) 0.12

Alzheimer’s disease and other dementias 8 (0.65%) 3 (0.31%) 0.37

Asthma 69 (5.59%) 52 (5.42%) 0.87

Benign prostatic hypertrophy 10 (0.81%) 7 (0.73%) 0.83

Cerebrovascular disease 5 (0.40%) 2 (0.21%) 0.48

Cirrhosis 0 (0.00%) 0 (0.00%)

COPD 7 (0.57%) 6 (0.63%) 0.86

Diabetes mellitus 66 (5.34%) 41 (4.28%) 0.25

Epilepsy 7 (0.57%) 6 (0.63%) 0.86

Hepatitis B 0 (0.00%) 0 (0.00%)

Hepatitis C 0 (0.00%) 0 (0.00%)

HIV infection 0 (0.00%) 0 (0.00%)

Hypertensive heart disease 3 (0.24%) 3 (0.31%) 1.00

Ischemic heart disease 17 (1.38%) 9 (0.94%) 0.35

Malignant neoplasms 18 (1.46%) 6 (0.63%) 0.06

Nephritis/nephrosis 0 (0.00%) 0 (0.00%)

Parkinson’s disease 6 (0.49%) 2 (0.21%) 0.48

Peptic ulcer disease 2 (0.16%) 0 (0.00%) 0.51

Rheumatic heart disease 1 (0.08%) 3 (0.31%) 0.32

Skin diseases 79 (6.40%) 50 (5.21%) 0.24

Tuberculosis 0 (0.00%) 0 (0.00%)

Month 12 (360 days) N = 578 N = 483

No disease 475 (82.18%) 406 (84.06%) 0.42

Alzheimer’s disease and other dementias 7 (1.21%) 2 (0.41%) 0.19

Asthma 33 (5.71%) 25 (5.18%) 0.70

Benign prostatic hypertrophy 2 (0.35%) 2 (0.41%) 1.00

Cerebrovascular disease 2 (0.35%) 1 (0.21%) 1.00

Cirrhosis 0 (0.00%) 0 (0.00%)

COPD 5 (0.87%) 3 (0.62%) 0.73

Diabetes mellitus 27 (4.67%) 19 (3.93%) 0.56
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was performed on the primary analysis set. The
proportions of patients in the corresponding
categories for the ranibizumab and aflibercept
cohorts were largely comparable at both assess-
ment time points, with some exceptions
(Table 4). Firstly, a lower proportion of ranibi-
zumab patients compared with aflibercept
patients persisted with their index agent at
month 12 (32.9% vs 43.2%, respectively). Sec-
ondly, a higher proportion of ranibizumab
patients switched to aflibercept compared with
the proportion of aflibercept patients who
switched to ranibizumab at month 6 (5.5% vs
1.5%) and month 12 (10.2% vs 2.3%).

Finally, there was a continued gradual
increase in the probability of discontinuation or
switching among the two cohorts during a
12-month period (Fig. 5). However, there was a
lower probability of discontinuation or switch-
ing for the aflibercept cohort relative to the
ranibizumab cohort at month 6 (adjusted haz-
ard ratio 0.86; 95% CI 0.78–0.94) and month 12
(adjusted hazard ratio 0.76; 95% CI 0.69–0.83)
(Fig. 5). The divergence in the probability of

discontinuation or switching occurred at 30–
60 days after index treatment. The Kaplan–Me-
ier curves remained parallel for the two cohorts
after 2 months (60 days) of therapy.

DISCUSSION

Primary Study Objective and Outcome

In the current study, the dispensing patterns of
ranibizumab and aflibercept were analyzed and
compared using data recorded and deposited by
Australian pharmacies in the IMS� AUS LRx
09/2015 database. The primary objective of this
study was to investigate the dispensing patterns
of ranibizumab and aflibercept for the treat-
ment of nAMD on the basis of the number of
units dispensed of each anti-VEGF agent 6 and
12 months after the index date. Our analysis
showed that the numbers of ranibizumab and
aflibercept units dispensed were comparable, as
the 95% CI limits of the adjusted mean differ-
ence between cohorts did not exceed 1.00 unit

Table 1 continued

Comorbidities Ranibizumab cohort N (%) Aflibercept cohort N (%) P

Epilepsy 3 (0.52%) 3 (0.62%) 1.00

Hepatitis B 0 (0.00%) 0 (0.00%)

Hepatitis C 0 (0.00%) 0 (0.00%)

HIV infection 0 (0.00%) 0 (0.00%)

Hypertensive heart disease 2 (0.35%) 3 (0.62%) 0.66

Ischemic heart disease 11 (1.90%) 5 (1.04%) 0.25

Malignant neoplasms 7 (1.21%) 3 (0.62%) 0.36

Nephritis/nephrosis 0 (0.00%) 0 (0.00%)

Parkinson’s disease 1 (0.17%) 1 (0.21%) 1.00

Peptic ulcer disease 0 (0.00%) 0 (0.00%)

Rheumatic heart disease 1 (0.17%) 2 (0.41%) 0.59

Skin diseases 35 (6.06%) 28 (5.80%) 0.86

Tuberculosis 0 (0.00%) 0 (0.00%)

Differences in proportion tests were used to compare the proportion of patients displaying the different comorbidities for
each treatment cohort. Analyses were conducted with the final month 6 and month 12 study cohorts
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at either time point. We therefore conclude that
ranibizumab and aflibercept are dispensed sim-
ilarly by Australian pharmacies in the first year
of treatment.

The dispensing frequencies reported here for
ranibizumab and aflibercept in the first year of
treatment are similar to the injection frequen-
cies reported for both agents in previous studies
investigating the use of Australian PBS-listed
therapies for nAMD. A report published by the
Australian Drug Utilisation Sub Committee
(DUSC) in 2015 showed that patients who
started treatment between December 2012 and
November 2013 with 12-month follow-up
received a mean of 9.3 ranibizumab injections
and 8.3 aflibercept injections [7]. Although the
DUSC study reported a lower mean difference of
1.0 injection for aflibercept-treated patients

compared with ranibizumab-treated patients,
the identification period for this study began
upon PBS-listing of aflibercept, and thus may
not reflect more recently established patterns of
nAMD treatment in clinical settings. In addi-
tion, Gillies et al. [14] showed the mean number
of injections did not significantly differ between
the ranibizumab cohort (8.1) and the aflibercept
cohort (8.0) for treatment-naive nAMD eyes in
patients who completed 12 months of anti-
VEGF therapy, while a recent analysis of data
from Australian EMR databases yielded a mean
number of 9.3 ranibizumab injections in
T&E-treated eyes in the first year of treatment
[17]. Our findings show that the 12-month
dispensing patterns for ranibizumab and
aflibercept are consistent with real-world injec-
tion frequency data and support the use of

Table 2 The number of ranibizumab and aflibercept units dispensed for the ranibizumab and aflibercept cohorts at month
6 and month 12

Ranibizumab cohort Aflibercept cohort

Month 6 (180 days)

No. of patients 1235 959

No. of units dispensed 6527 4875

Meana 5.3 (1.3) 5.1 (1.4)

Range 2.0–11.0 2.0–12.0

Medianb 5.0 (4.0–6.0) 5 (4.0–6.0)

Adjusted mean differencec 0.20 (0.09–0.32)

Month 12 (360 days)

No. of patients 578 483

No. of units dispensed 5169 4301

Meana 8.9 (2.2) 8.9 (2.3)

Range 4.0–18.0 4.0–20.0

Medianb 9.0 (8.0–10.0) 9.0 (7.0–10.0)

Adjusted mean differencec 0.04 (–0.23 to 0.30)

Mean differences were adjusted for baseline Medication-Based Disease Burden Index scores. Analyses were conducted with
the final month 6 and month 12 study cohorts
a The standard deviation is given in parentheses
b The interquartile range is given in parentheses
c The 95% confidence interval is given in parentheses
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dispensing data as a proxy for injection data
when these are unavailable. Furthermore, the
mean number of ranibizumab units dispensed
during the first year of treatment was lower
than the expected 13 ranibizumab doses under
a monthly regimen as per the product label and
further supports the adoption of the T&E pro-
tocol in Australian clinics for the treatment of
nAMD [9].

Of note, the mean numbers of dispensed
units/injections of ranibizumab and aflibercept
reported here and by others in the first year of
nAMD treatment for Australian patients
[7, 14, 17] exceed those reported by studies that
used US and European EMR databases. US
nAMD patients were reported to receive a mean
of 6.1–6.9 ranibizumab injections [16] and
European patients were reported to receive a
mean of 4.3–6.0 ranibizumab injections [30–32]
in the first year of treatment. A recent analysis
of US physician-level medical claims data also
showed that in the first year of treatment the

mean numbers of ranibizumab (4.9) and
aflibercept (5.2) injections for nAMD patients
were comparable despite differences in the
labels between the two agents [15]. It is possible
that ‘‘as needed’’ (pro re nata) treatment regi-
mens may account, in part, for the lower
anti-VEGF injection frequencies reported for
Europe and the USA compared with Australia.
However, despite differences in injection fre-
quencies between geographical regions, the use
of ranibizumab and aflibercept in the first year
of treatment is comparable within countries,
suggesting that the results of these studies may
be generalized across populations.

Secondary Study Outcomes

No clinically meaningful differences were
observed at month 6 or month 12 with regard
to dispensing intervals between ranibizumab
and aflibercept. Notably, the mean dispensing
interval at month 12 for aflibercept (41.6 days)
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Fig. 2 The mean number of recorded anti-vascular endothelial growth factor units dispensed for the final persistent
ranibizumab and aflibercept cohorts at month 6 (a) and month 12 (b)
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is consistent with the approximately 45 day
mean injection interval expected under the
recommended 8-week dosing schedule in the

first year of treatment (i.e., 360 days/8 injec-
tions). In contrast, the mean dispensing interval
for ranibizumab (41.2 days) is longer than

Table 3 The dispensing interval for the ranibizumab and aflibercept cohorts at month 6 and month 12

Ranibizumab cohort Aflibercept cohort

Month 6 (180 days)

No. of patients 1235 959

No. of dispensing intervals 5292 3916

Mean interval (days)a 35.3 (19.2) 36.8 (20.0)

Range (days) 1.0–120.0 1.0–120.0

Median (days)b 31.0 (25.0–43.0) 33.0 (25.0–47.0)

Adjusted mean difference (days)c -1.59 (-2.51 to -0.67)

Month 12 (360 days)

No. of patients 578 483

No. of dispensing intervals 4591 3818

Mean interval (days)a 41.2 (20.9) 41.6 (20.4)

Range (days) 1.0–120.0 1.0–120.0

Median (days)b 37.0 (28.0–54.0) 39.0 (28.0–55.0)

Adjusted mean difference (days)c -0.40 (-1.70 to 0.91)

Mean differences were adjusted for baseline Medication-Based Disease Burden Index scores. Analyses were conducted with
the final month 6 and month 12 study cohorts.
a The standard deviation is given in parentheses
b The interquartile range is given in parentheses
c The 95% confidence interval is given in parentheses
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Fig. 3 Frequency distributions were constructed for the final month 12 cohort of persistent ranibizumab (N = 578) and
aflibercept (N = 483) patients. These patients did not discontinue or switch treatment during this 12-month post-index
period. As the discontinuation gap was defined in this study as more than 120 days (i.e., 4 months), all patients included in
this analysis had a record of receiving at least 4 units
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Fig. 4 Dispensing interval distributions for the final persistent ranibizumab and aflibercept cohorts at month 6 (a) and
month 12 (b)

Table 4 The number and proportion of patients who persisted with, switched from, discontinued, or restarted index
treatment at month 6 and month 12

Cohort Characteristics Ranibizumab cohort Aflibercept cohort

Month 6 (180 days) Total number of patients (primary analysis set) 2412 (100%) 1711 (100%)

Persisted with index treatment 1235 (51.2%) 959 (56.0%)

Switched to comparator treatment 133 (5.5%) 25 (1.5%)

Discontinued index treatment 969 (40.2%) 678 (39.6%)

Restarted index treatment 75 (3.1%) 49 (2.9%)

Month 12 (360 days) Total number of patients (primary analysis set) 1758 (100%) 1119 (100%)

Persisted with index treatment 578 (32.9%) 483 (43.2%)

Switched to comparator treatment 179 (10.2%) 26 (2.3%)

Discontinued index treatment 855 (48.6%) 512 (45.8%)

Restarted index treatment 146 (8.3%) 98 (8.8%)

The number of patients refers to the patients in the primary analysis set
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the approximately 28 day mean interval expec-
ted under a monthly dosing regimen (i.e.,
360 days/13 injections) in the first year of
treatment. These results suggest that Australian
ophthalmologists administer ranibizumab at
intervals that differ from those recommended
on the label, and give further credence to the
common adoption of a T&E regimen in
Australia.

A lower proportion of ranibizumab patients
than aflibercept patients persisted with the
index treatment at month 12, with the pro-
portion of patients switching to the comparator
agent higher for the ranibizumab cohort at both
assessment time points. Aflibercept was first
listed on the Australian PBS for the treatment of
nAMD in December 2012, and it is possible that
the availability of a new treatment option may
have been appealing to clinicians after 2012,

contributing to the higher level of switching to
the comparator observed for the ranibizumab
cohort compared with the aflibercept cohort
[7, 25]. This hypothesis is further supported by
the pattern of the Kaplan–Meier curves illus-
trated in Fig. 5. There are two important obser-
vations from the Kaplan–Meier curves for the
time to discontinuation or switch of the index
anti-VEGF treatment: (1) the gradual continu-
ous reduction in persistence with the index
drug over time in both cohorts and (2) diver-
gence between the cohorts occurred only at
30–60 days after the index treatment and
remained parallel thereafter. It is important to
note that the data used in the current study
were collected from regional pharmacies across
Australia and that some patients may have: (1)
switched from their original pharmacy during
the identification period to a pharmacy that is
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Fig. 5 Kaplan–Meier curves for time to discontinuation or switch of index anti-vascular endothelial growth factor
treatment at month 6 (180 days; a) and month 12 (360 days; b)
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not registered with the IMS� AUS LRx 09/2015
database; (2) switched to unlicensed beva-
cizumab for the treatment of nAMD during the
identification period; or (3) switched between
two or more pharmacies that are in the same
geographical region during the identification
period. Such patients may have been recorded
in the IMS� AUS LRx 09/2015 database as hav-
ing switched from or discontinued use of their
index agent, thereby contributing to the
appreciable proportion of patients who discon-
tinued their index therapy (48.6% for ranibizu-
mab and 45.8% for aflibercept) at month 12.
This scenario may also account, in part, for the
differences in the proportion of ranibizumab
and aflibercept patients who switched to the
comparator agent at both assessment time
points together with the lower risk of discon-
tinuation or switching for aflibercept relative to
ranibizumab. The divergence in Kaplan–Meier
curves between the two cohorts between 30 and
60 days after the index treatment and not
beyond suggests that prescribing preference
rather than a difference in treatment efficacy is
the predominant driver of drug use discontin-
uation or switching. It should also be consid-
ered that statistically significant differences
reported in this study are a consequence of the
large number of patients included in the anal-
ysis and do not necessarily reflect meaningful
differences in routine clinical settings.

Study Limitations

Although no difference in the dispensing pat-
terns of ranibizumab and aflibercept in the first
year of treatment was concluded from our
analysis, it is important to note the limitations
of this study. First, the data used in this analysis
were collected for healthcare transaction pur-
poses rather than for research purposes, and it
was assumed that patients with a recorded
receipt for a given anti-VEGF agent were pre-
scribed that agent for the treatment of nAMD.
During the identification period, aflibercept was
licensed for the treatment of nAMD only, while
ranibizumab was licensed for several indications
(i.e., nAMD, diabetic macular edema, and reti-
nal vein occlusion) [7, 9, 10, 26, 27]. The

inclusion of ranibizumab prescriptions for
indications other than nAMD would conceiv-
ably result in an overestimation of the number
of ranibizumab units dispensed in the final
study cohort, thereby artificially increasing the
mean number of ranibizumab units dispensed
and lowering the mean dispensing interval.
However, we believe that the impact of ranibi-
zumab prescriptions for indications other than
nAMD on the final dataset used here is likely to
be negligible as the cost of ranibizumab was
reimbursed only for the treatment of nAMD by
the PBS during the identification period [9, 26].
Second, baseline patient characteristics such as
age and sex were not well populated in the IMS�

AUS LRx 09/2015 database and could not be
used as covariates in the analyses presented
here. Although baseline patient comorbidities
(based on MBDBI scores) were comparable
between the two cohorts, differences in baseline
patient characteristics may influence the find-
ings reported here. Third, information regard-
ing the injection of ranibizumab or aflibercept
(including the date of injection or the number
of injections administered) is not captured in
the database; hence, the number of units dis-
pensed and the date of dispensation were used
as a proxy for these data. Although our analysis
supports the value of dispensing data as a proxy
for injection data in Australia, our results may
not reflect anti-VEGF use in other countries.
Fourth, although the frequency of dispensing is
suggestive of bilateral treatment, laterality is
not consistently captured in the database and
was not controlled for in this study. Fifth,
regional differences in anti-VEGF treatment
rates across Australia were not evaluated here
despite treatment rates being higher for more
densely populated states or territories (e.g.,
Australian Capital Territory, New South Wales,
and Tasmania) than for less densely populated
regions (e.g., Northern Territory) [7]. In addi-
tion, only sites using the IMS� AUS LRx 09/2015
database were included in this study, which
may result in a selection bias. This database has
31% coverage of all retail pharmacies; therefore,
the generalizability of the study results may
extend only to persons claiming prescribed
medication from these pharmacies in Australia.
Finally, the IMS� AUS LRx 09/2015 database
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does not contain information on outcomes of
clinical interest, such as visual acuity or retinal
anatomical features (e.g., retinal fluid, retinal
atrophy, pigment epithelial detachment, and
hemorrhage); thus, further data sources are
required to explore the relationship between
injection frequency and visual outcomes in
routine clinical settings. It is important to note
that all limitations of the IMS� AUS LRx
09/2015 database apply equally to both final
study cohorts, and the results or interpretations
of this study are not expected to be systemati-
cally biased in favor of either anti-VEGF agent.

CONCLUSION

Pharmacy claims databases offer a rich source of
information to analyze the treatment patterns of
anti-VEGF agents used for the treatment of
nAMD in real-world settings. This study
demonstrated that for patients included in the
Australian IMS� AUS LRx 09/2015 database who
met the study selection criteria, there was no
difference in the dispensing patterns of ranibi-
zumab and aflibercept 6 and 12 months after
treatment initiation. The number of ranibizu-
mab and aflibercept units dispensed was also
comparable to the number of injections admin-
istered to treatment-naive nAMD patients in the
first year of treatment reported by other studies
and supports theuse ofdispensingdata as aproxy
for injection data. Our results also support the
common use of a T&E protocol in Australia.
Further studies exploring longer-termdispensing
patterns (e.g., 2 years or more after the initiation
of treatment) would provide additional insight
into the real-world use of anti-VEGF agents and
how this may impact national healthcare
schemes for the treatment of nAMD.
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