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Cost-consequence analysis of extended
loading dose of anti-VEGF treatment in
diabetic macular edema patients
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Abstract

Background: The DRCR.net Protocol T clinical trial assessed the comparative efficacy and safety of anti-VEGF
treatments including aflibercept, ranibizumab and bevacizumab in diabetic macular edema (DME). Post -hoc
analyses showed that after a 12-week induction period, there was still DME resolution in an increasing number of
patients through week 24.

Purpose: To assess clinical and cost consequences of extending the anti-VEGF loading dose from 3 to 6 monthly
injections in patients with persistent DME in Spain.

Methods: From a hospital pharmacy perspective, a cost-consequence analysis model was developed to estimate
the incremental cost needed to obtain an additional response at month 6. To estimate drug treatment costs, ex-
factory prices (€, 2019) were considered for aflibercept, ranibizumab and bevacizumab. Response/nonresponse rates
at 3/6 months were obtained from the Protocol T 24-week post hoc analysis (n = 546). Persistent DME was present
in 50.8 and 31.6% of the 190 aflibercept-treated patients at month 3 and month 6, respectively. Of the 176
ranibizumab- and 180 bevacizumab-treated patients, 53.2 and 72.9%, respectively, had persistent DME at month 3,
and 41.5 and 65.6%, respectively, had persistent DME at month 6. Sensitivity analysis considered the split of
bevacizumab vials.

Results: Extending the loading dose in nonresponder patients would cost €214,862.57, €208,488.98 and €134,483.16
to obtain 37, 21 and 13 additional aflibercept, ranibizumab and bevacizumab responder patients, respectively. The
total number of extended injections (months 3–6) used in patients with persistent DME at month 6 was 180, 219
and 354 for aflibercept, ranibizumab and bevacizumab, respectively.

Conclusions: To extend the anti-VEGF loading dose from 3 to 6 injections necessitates investing €5882.77 (8
injections), €10,091.03 (14 injections) and €10,198.59 (30 injections) per additional responder patient (3-month
nonresponders and 6-month responders) to aflibercept, ranibizumab and bevacizumab, respectively. For the total of
patients treated, on average €7927.02 (14 injections) per additional responder patient would be needed.
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Background
Diabetic macular edema (DME) is a retinal complication
in diabetic patients with an increasing incidence and an-
nual mean rates over 2–3% depending on the type of
diabetes [1]. This vascular and inflammatory disorder
causes loss of vision and has become the major cause of
loss of visual acuity in diabetic patients with relevant im-
plications on their quality of life, which worsens as the
loss of visual acuity progresses [2, 3].
There are several options for the management of the

DME patients. Metabolic control, including levels of gly-
cemia and blood pressure, is recommended to prevent
the development and progression of diabetic retinopathy,
and consequently, DME [4, 5]. However, there is a need
for ocular treatment options to control the disease in
addition to preventive management. According to
current clinical guidelines, laser photocoagulation is not
the standard of care anymore. Intravitreal treatment with
corticosteroids (dexamethasone, fluocinolone acetonide)
and anti-vascular endothelial growth factor (anti-VEGF)
is now the first-line therapy for DME involving the cen-
tral macula [4–6]. In current clinical practice in Spain,
most specialists (96.4%) choose an anti-VEGF agent such
as aflibercept, ranibizumab or bevacizumab (off label) as
first-line therapy [7].
An induction treatment of monthly anti-VEGF injec-

tions for a period of between 3 and 6months seems ap-
propriate for DME patients [6]. The Diabetic
Retinopathy Clinical Research Network (DRCR.net)
Protocol I and T studies showed that, after an initial
anti-VEGF treatment period, central-involved DME
remained persistent in a significant number of patients
(51–73%) at 12 weeks [8–11]. However, a higher number
of patients obtain DME resolution through week 24 [10].
In the case of nonresponse, defined as persistent DME
(central subfield thickness (CST) ≥ 250 μm), after 3–6 in-
jections, a switch to other treatments, such as steroids, is
indicated [6]. If a patient responds to treatment after a
3-month loading dose, treatment will certainly continue.
Nevertheless, it is currently not clear which is the best
option for anti-VEGF nonresponders (persistent DME).
In order to achieve an efficient treatment for DME pa-

tients, it is also important to consider the cost impact of
anti-VEGF therapies. Currently, the management of
DME in Spain involves a significant use of resources.
The annual anti-VEGF treatment costs were estimated
to be above €7000 [12]. Considering the DME diagnosis,
medical management and disability-related loss of work
productivity, the annual costs per patient are over €19,
000, excluding the pharmaceutical costs [13].
The aim of this analysis was to assess the clinical and

economic consequences of an extension of the loading
dose of three anti-VEGF treatments from 3 to 6 monthly
injections in patients with persistent central-involved

DME and visual impairment based on the findings of the
post hoc analyses of the DRCR.net Protocol T clinical
trial [8, 10].

Methods
A cost-consequence model was developed in Microsoft
Excel following recommendations for economic evalu-
ation of health technologies [14]. The model analyzed
the economic and clinical implications of treating nonre-
sponder DME patients beyond a 3-month induction
period by extending the loading dose of three anti-VEGF
treatments up to 6 months (6-month induction period)
(Fig. 1). The primary outcome was to estimate the incre-
mental cost needed to obtain an additional response at
month 6 (reduction in CST under 250 μm) in patients
with persistent DME at month 3 (nonresponders).
This analysis was carried out from a hospital pharmacy

perspective in which only pharmaceutical treatment
costs were considered. Other direct medical costs such
as costs of administration were not included as they
were beyond the scope of this analysis. The anti-VEGF
treatment options included in the model were afliber-
cept, ranibizumab and bevacizumab. To estimate the
pharmaceutical costs, official ex-factory unit prices were
obtained from the General Council of Provincial Phar-
macy Chambers database [15]: aflibercept 40 mg/ml
(€742.00 per vial), ranibizumab 10mg/ml (€742.00 per
vial) and bevacizumab 25 mg/ml (€341.71 per vial; 4 ml
presentation). All the costs included in the analysis
reflected the value in euros for the year 2019. The fre-
quency of the administration of intravitreal injections
was once every 4 weeks (3 or 6 times for all the consid-
ered therapies), which is in line with the current recom-
mendations [6]. Full adherence was considered in order
to estimate the maximum costs incurred during both pe-
riods. No re-use of the administered vials to another pa-
tient was permitted, and consequently, the remaining
contents of the vial were discarded. However, a sensitiv-
ity analysis was performed considering the splitting of
bevacizumab vials in which dose per vial is considerably
higher than the administered dose per patient. A 4-ml
vial allowed 25 injections per vial. No discount rate was
applied as the time horizon was 6months.
This study analyzed the cost and consequences of the

continuation of monthly treatment of DME patients
from week 12 to week 24 in nonresponder patients ac-
cording to the results published on the Protocol T post
hoc subanalysis.
In order to account for the consequences of extending

the loading dose of anti-VEGF treatments in DME pa-
tients to a longer induction period, published clinical
evidence was considered in this analysis. The efficacy re-
sults were obtained from a post hoc analysis of the
DRCR.net Protocol T clinical trial [8, 10].
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Protocol T was a multicenter, randomized clinical trial
carried out by the DRCR.net in the United States from
2012 to 2015 [8]. The objective was to provide the com-
parative efficacy and safety of intravitreal administration
of 2.0 mg of aflibercept, 0.3 mg of ranibizumab and 1.25
mg of bevacizumab every 4 weeks for the treatment of
center-involved DME. The primary outcome was the
mean change in visual acuity at 1 year. Study participants
were patients aged ≥18 years with type 1 or 2 diabetes
with central-involved DME with at least one eye with a
best-corrected visual acuity letter score of 78 to 24
(Snellen equivalent: 20/32 or worse to 20/320 or better),
CST ≥250 μm and no anti-VEGF treatment within the
previous 12 months. A total of 660 participants were in-
cluded (224, 218 and 218 treated with aflibercept, ranibi-
zumab and bevacizumab, respectively). The baseline
mean visual acuity letter score was 64.8 ± 11.3, and the
mean CST was 412 ± 130 μm. Baseline characteristics
were similar in the three groups, with a mean age of
61 ± 10 years and 90% of the participants having type 2
diabetes [8].
This cost-consequence analysis considered the cohort

size included in the 24-week analyses of Protocol T,
which included a total of 546 patients [10]. Aflibercept
treatment was administered to 190 patients, and ranibi-
zumab and bevacizumab were administered to 176 and
180 patients, respectively. The Protocol T patients in-
cluded in this subanalysis were those who had a macular
CST of at least 250 μm and did not meet the exclusion
criteria (baseline CST less than 250 μm, less than 4 in-
jections prior to 24 weeks, more than 2 visits missed be-
tween the 28-week and 52-week visits, alternative
treatment received prior to 52 weeks or visit missed at
week 24). Persistent DME patients (nonresponders) all
had a CST ≥ 250 μm at each completed study visit
through 24 weeks [10].
Among other clinical endpoints, the Protocol T suba-

nalysis assessed the prevalence of persistent central-
involved DME every 4 weeks through a 24-week period.
DME persistence outcomes at 12 and 24 weeks were se-
lected to establish the treatment response for the 3-
month and 6-month induction periods. Regarding the

trial efficacy results (shown as persistent DME in
Table 1), the proportion of treated patients with a re-
sponse (i.e., no persistence of DME) at month 3 was
49.20% for aflibercept, 46.78% with ranibizumab and
27.12% for bevacizumab. At month 6, the response rate
increased to 68.42, 58.52 and 34.44% for aflibercept,
ranibizumab and bevacizumab, respectively.
These response rates were applied to the cohorts of

patients included in the 24-week subanalysis of Protocol
T, in order to estimate the number of responder and
nonresponder patients to each anti-VEGF treatment at
months 3 and 6. No loss of follow-up was considered.
Regarding both periods, the incremental response was
estimated as the number of responder patients at month
6 who were nonresponders at month 3.
The costs associated with the 3-month and 6-month

induction periods were estimated from the number of
intravitreal injections needed for both periods (Fig. 1).
The total treatment costs were calculated by applying
the unitary cost per vial and the number of vials needed
per injection.
The total number of injections per treatment group

for a 3-month vs a 6-month induction period was esti-
mated based on the frequency of administration and the
number of treated patients. Considering both induction
periods, the number of additional injections used to treat
nonresponders between months 3 and 6 was also esti-
mated. These injections were broken down based on pa-
tient response/nonresponse at month 6. Finally, the
number of injections and associated costs to achieve an
additional responder patient at month 6 following the
extension of the induction phase were calculated.
A sensitivity analysis with a conservative approach was

performed considering a reduction of 10% in treatment
response at months 3 and 6 to account for alternative
outcomes in case the patient characteristics were less fa-
vorable to achieve the treatment response obtained with
the Protocol T analysis.

Results
Based on the response rate obtained from the persist-
ence of DME in the patients included in the subanalysis

Fig. 1 Induction periods considered in the cost-consequence analysis. Blue areas indicate the treated patients within each period
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of Protocol T, the number of responder patients was cal-
culated for this cost-consequence analysis (Table 2).
From the 190 patients treated with aflibercept, 93
(93.48) patients were responders to treatment at 3
months, while 130 patients responded at 6 months. The
efficacy of ranibizumab treatment in 176 patients yielded
82 (82.34) responder patients at month 3, which in-
creased to 103 after 3 further months of treatment.
Finally, 180 patients were treated with bevacizumab, of
whom 49 (48.81) were responders at month 3 and 62 at
month 6. Therefore, considering the different response
rates at months 3 and 6, the extension of the loading
dose to an induction phase of 6 months would result in
37 (36.52) additional responder patients treated with afli-
bercept, 21 (20.66) treated with ranibizumab and 13
(13.19) treated with bevacizumab.
Regarding the number of injections administered,

the treatment of the cohort of patients with afliber-
cept involved 570 injections for the first 3 months
when all patients are treated. When a 3-month induc-
tion period was considered, after the third month
only the responder patients received treatment, which
accounted for another 280 (280.43) injections up to
month 6. Considering a 6-month induction period,
the treatment of all patients for the whole period
would require a total of 1140 aflibercept injections.
Ranibizumab treatment consisted of the administra-
tion of 528 injections for the first 3 months with an
additional 247 (247.02) injections for the 3 remaining
months, considering a 3-month induction period. Bev-
acizumab administration for a 3-month induction
period consisted of 540 injections with additional an
146 (146.44) injections until the end of the 6-month
period. The 6-month induction period with ranibizu-
mab required the administration of 1056 injections,
while treatment of the bevacizumab cohort resulted
in a total of 1080 injections.

Some of the patients did not achieve a treatment re-
sponse despite being treated until the sixth month.
There were 60, 73 and 118 nonresponder patients at
month 6 of treatment with aflibercept, ranibizumab and
bevacizumab, respectively. The treatment of these pa-
tients led to the administration of 180 injections of
aflibercept, 219 of ranibizumab and 354 of bevacizumab
(Table 3).
When considering a 3-month induction period, afli-

bercept treatment had an overall cost of €631,017.43,
while treatment with a 6-month induction period cost
€845,880.00. The 3-month induction therapy with rani-
bizumab cost €575,063.02 for the 6-month study period,
which increased to €783,552.00 with a 6-month induc-
tion period. Finally, the administration of bevacizumab
for a 3-month induction period cost €234,563.64 for 6
months, which increased to €369,046.80 when the load-
ing dose treatment was extended to 6 months in all pa-
tients. The incremental costs between the two
considered induction period estimations, the additional
respondent patients and the additional injections are
shown in Table 4.
Regarding these incremental results, the extension of

the loading dose from 3 to 6 months to all patients
would necessitate investing €5882.77 (8 injections) to
obtain an additional responder patient with aflibercept
therapy. The cost for extending treatment to a 6-month
induction period would be greater with ranibizumab and
bevacizumab at €10,091.03 (14 injections) and €10,
198.59 (30 injections), respectively, per additional re-
sponder patient. For the total cohort of patients treated
with anti-VEGF therapies, an average investment of
€7927.02 (14 injections) per additional responder patient
would be necessary.
When the split of bevacizumab vials was available, the

sensitivity analysis showed that the 6-month bevacizu-
mab treatment costs were €9382.55 and €14,761.87 for

Table 1 Persistent diabetic macular edema through 3 and 6months

Patients with persistent DME Month 3 (week 12)
(n/N, %)

Month 6 (week 24)
(n/N; %)

Aflibercept (Eylea®) 95/187 (50.80%) 60/190 (31.58%)

Ranibizumab (Lucentis®) 91/171 (53.22%) 73/176 (41.48%)

Bevacizumab (Avastin®) 129/177 (72.88%) 118/180 (65.56%)

At 24 weeks, p < 0.001 for aflibercept vs bevacizumab, p = 0.05 for aflibercept vs ranibizumab and p < 0.001 for ranibizumab vs bevacizumab
Source: Bressler NM, et al. JAMA Ophthalmol. 2018;136(3):257–69 [6].

Table 2 Treatment responder patients at month 3 and 6

DME responder patients Month 3
(n/N)

Month 6
(n/N)

Additional responder patients
(month 6 vs month 3)

Aflibercept (Eylea®) 93.48/190 130/190 36.52

Ranibizumab (Lucentis®) 82.34/176 103/176 20.66

Bevacizumab (Avastin®) 48.81/180 62/180 13.19
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the 3-month and 6-month induction periods, respect-
ively. This would require an investment of €407.94 per
additional responder patient. The second sensitivity ana-
lysis with a 10% reduction in the treatment response at 3
and 6months, resulted in a cost of €7169.41 (10 injec-
tions) per additional responder patient treated with afli-
bercept, €12,197.95 (16 injections) with ranibizumab,
and finally, €11,753.42 (34 injections) with bevacizumab.
On average, €9504.74 would be needed per additional
responder patient for the whole cohort of patients.

Discussion
The results of this study place value on the outcomes
found in the Protocol T post hoc subanalysis and
showed the incremental costs to be invested in the treat-
ment of central-involved DME patients with vision im-
pairment to obtain additional responder patients at the
end of a 6-month period. The extension of the loading
dose of the treatments for DME patients could lead to
an increased response at the end of a 6-month induction
period [9, 10]. However, the achievement of these im-
proved results with this extended dose involves treating
all the patients included in the cohort up to 6months,
regardless of if they will finally respond or not to treat-
ment. Therefore, this extended treatment entails the
need for complementary costs compared with the option
of a 3-month induction period.
From a hospital pharmacy perspective, this analysis

showed that a minimum investment of almost €6000 is
required to obtain an additional responder patient. This
investment could reach an incremental cost per response
of over €10,000, depending on the anti-VEGF alternative
chosen. Ranibizumab and bevacizumab had similar in-
cremental costs per additional responder patient (€10,
091.93 vs €10,198.59) despite the higher cost of ranibizu-
mab. Consequently, the additional injections needed for

bevacizumab treatment were more than double those
needed for ranibizumab treatment. Lower investment
costs were required when the split of bevacizumab vials
was feasible for a hospital. Fewer additional costs and in-
jections were needed per additional respondent patient
for treatment with aflibercept compared with the other
alternatives. Notably, the investment needed with ranibi-
zumab was more than €4000 higher than that needed
with aflibercept although the two drugs have the same
acquisition unitary cost, similar efficacy results at 3
months of treatment, and statistically nonsignificant dif-
ferences in DME persistence rates at 6 months of
treatment.
While the selection of the anti-VEGF induction period

length remains unclear, the results of this analysis could
provide additional information concerning the pharma-
ceutical cost consequences of using an extended loading
dose of the initial treatment in DME nonresponder pa-
tients. Nevertheless, some other options should also be
considered. In patients with a suboptimal response,
switching treatment to another anti-VEGF therapy,
selecting a treatment with different mechanism of action
or switching to an intravitreal dexamethasone implant
after 3 or at least 6 injections may provide favorable ana-
tomical and functional results [16]. In patients with re-
fractory disease previously treated with bevacizumab or
ranibizumab injections, switching to aflibercept may be
favorable in some cases. In patients treated with afliber-
cept after 3 injections, intravitreal dexamethasone may
be a practical choice [17]. The visual and anatomical re-
sponse after 3 injections of anti-VEGF treatment is a
predictor of short- and long-term improvement after
switching to dexamethasone. A limited early response at
3-months in visual acuity or CST reduction led to a 3 to
5 times greater improvement after switching to intravit-
real dexamethasone than the outcomes in responder

Table 3 Number of additional injections (from month 3 to 6) in 3-month nonresponder patients based on the response at 6
months

6-month induction vs
3-month induction

Additional injections Additional injections in
responder patients

Additional injections in
nonresponder patients

Aflibercept (Eylea®) 289.57 109.57 180

Ranibizumab (Lucentis®) 208.98 61.98 219

Bevacizumab (Avastin®) 393.56 39.56 354

Table 4 Additional responder patients, injections and incremental costs (6-month induction vs 3-month induction)

6-month induction vs
3-month induction

Additional
responder patients

Additional
injections

Incremental
treatment costs

Aflibercept (Eylea®) 36.52 289.57 €214,862.57

Ranibizumab (Lucentis®) 20.66 280.98 €208,488.98

Bevacizumab (Avastin®) 13.19 393.56 €134,483.16

TOTAL 70.37 964.11 €557,834.71
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patients [18]. Real-world evidence also supports better
improvement at 12 months than in patients whose
treatments are not changed [19]. Although further large
randomized controlled studies are needed to determine
the best time to switch treatments, extending the loading
dose over 3 months should be considered, and the clin-
ical and economic consequences of this approach should
be evaluated.
This analysis is not without limitations. Although the

Protocol T study was carried out with patients from the
United States, the patient characteristics of anti-VEGF
treated patients are very similar between Western coun-
tries, as shown in several published case series studies
carried out in Europe and US [20–26]. A multicenter US
study included patients treated with the 3 available anti-
VEGF therapies with a mean age of 63.4 years and 80.8%
with type 2 diabetes. The mean BCVA was 11.8 lines (59
ETDRS letters), and the CRT at baseline was 414 μm
[20]. Another single-center US study included anti-
VEGF treated patients with a mean age of 67.83 years, a
mean BCVA of 0.6 logMAR (equivalent to 55 ETDRS
letters) and a CRT of 434.58 μm [21]. There are also sev-
eral European studies with similar patient characteristics.
A multicenter study carried out in Australia and several
European countries reported a mean participant age of
62–65 years; most of them had type 2 diabetes, a mean
BCVA of 64–67 letters and a CRT of 407–433 μm [22].
In a multicenter study carried out in France, anti-VEGF-
treated patients had a mean age of 66.1 years, 83.5% has
type 2 diabetes, and they had a mean BCVA of 59.2 let-
ters and a CRT of 457 μm [23]. In the Spanish setting, a
retrospective study compared the baseline characteristics
of a cohort of Spanish patients from clinical practice
who started treatment with ranibizumab with the co-
horts from randomized clinical trials, including Protocol
T, and real-world studies. They reached the conclusion
that these characteristics (age, 64.5 years; initial BCVA,
62.3 letters; CST, 387 μm) are similar to those found in
these studies [24]. In another Spanish observational
study that included patients treated with ranibizumab
and aflibercept, the patients had a mean age of 69 years,
90% had type 2 diabetes, and they had a baseline visual
acuity of 0.52 logMAR and a CST of 456 μm [25].
Additionally, a more recent study with anti-VEGF-
treated type 2 diabetes patients showed similar baseline
characteristics regardless of anti-VEGF responses with a
mean age between 67.5 and 71 years, a mean BVCA of
62.5–67.2 letters and a mean CST from 443 to 542 μm
[26]. All these patient characteristics could be consid-
ered similar. Furthermore, treatment patterns are similar
in US and Europe according to the current recommen-
dations from the clinical guidelines on DME treatment
[6, 27]. The Protocol T study was selected because of
the detailed available information about DME responses

at several time points (proportion of responder and
nonresponder patients to anti-VEGF therapies at
months 3 and 6), the optimal quality of the study and
the representative sample of patients. To our know-
ledge, there are no better studies with sufficient qual-
ity that address this topic. Current evidence suggests
that prices, and in some instances, baseline risk prob-
ably need to be specific to the setting of the data
source. However, the treatment effect or relative risk
reduction, which is used in this study, may be more
generalizable [28].
To estimate treatment costs, the administration of a

complete vial per injection was considered. However,
splitting of vials, although not recommended in the sum-
mary of product characteristics due to potential safety is-
sues, is a common practice in hospitals in order to
reduce the economic impact of anti-VEGF treatments
on the hospital budgets. This practice would lead to
the optimization of the administered doses because a vial
is used for more than one patient, which would reduce
the cost investment needed per additional responder pa-
tient compared with the results in this analysis. Al-
though clinical recommendations have established a
suitable induction period with monthly injections, other
frequency of administration can be chosen by clinicians,
such as pro re nata treatment, provided the efficacy is
maintained. This would lead to changes in the economic
impact of treatment, resulting in lower or higher incre-
mental costs per additional patient depending on the ob-
tained efficacy and the total number of injections in that
period.
To our knowledge, this is the first economic ana-

lysis that has addressed this matter regarding the
cost consequences of different options of initial anti-
VEGF treatment duration. Some studies have also
reflected the burden of DME treatments in a Spanish
setting. Recently, a budget impact analysis assessed
the budgetary implications of the first 3 years of
market entry of dexamethasone implants compared
to a scenario in which only anti-VEGF treatments
were available. The analysis results showed cost sav-
ings mostly due to fewer injections with dexametha-
sone [29]. Additionally, an observational study
determined the costs associated with the manage-
ment and morbidity of unilateral and bilateral DME
in Spain considering a societal perspective, including
direct costs (except drugs) such as from diagnosis
and medical management (€11,684) and indirect
costs coming from loss in occupational productivity
(€7444) [13]. Another costs of illness cohort study
determined the cost of diabetic retinopathy by evalu-
ating the cost effectiveness of a screening program
and the cost of treatment, focusing on DME after
anti-VEGF treatments [12].
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Conclusions
In consideration of the potential benefits of extending
the current treatment from 3 to 6 months and the
economic implications of this approach, this study al-
lows clinicians and other stakeholders to make informed
decisions of whether to extend the treatment up to 6
months or to switch treatment to an alternative option.
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