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Abstract

Objective Age-related macular degeneration (AMD) is the main cause of severe vision loss globally. Neovascular AMD
(nAMD) is an advanced stage of AMD treated with anti-vascular endothelial growth factors (anti-VEGFs). Although anti-
VEGF treatment is effective, the frequent intravitreal injections place a burden on patients, (in)formal caregivers, and clinics.
This study assesses the health-economic impact of anti-VEGF agents with lower injection frequency that have the potential
to reduce treatment burden and compares it to the standard of care.

Methods We developed a cost-minimization model to evaluate the direct medical costs associated with first-line unilateral
anti-VEGF treatment across a 3-year time horizon in the Netherlands. The analysis compared aflibercept 8 mg, aflibercept
2 mg, bevacizumab, faricimab, and ranibizumab. Our model adopted a treat-and-extend (T&E) regimen for aflibercept 2 mg,
bevacizumab, and ranibizumab. For aflibercept 8 mg, a flexible regimen that was extendable up to 24 weeks was applied,
while faricimab followed a flexible regimen that was extendable up to 16 weeks. Additionally, since list prices may vary from
net prices, we calculated the break-even price for each anti-VEGF in comparison to bevacizumab, which is the recommended
first-line treatment due to its low medication price.

Results Based on list prices, aflibercept 8 mg led to the lowest treatment costs (€16,251 per patient over a 3-year time hori-
zon), closely followed by bevacizumab (€17,616 per patient over a 3-year time horizon). Ranibizumab led to the highest
per-patient costs (€31,746 over a 3-year time horizon). For bevacizumab, most costs were attributable to administration, while
for the other anti-VEGFs, most were attributable to medication. Aflibercept 8 mg is cost-saving compared to bevacizumab at
their medication prices at the time of writing. Aflibercept 2 mg, faricimab, and ranibizumab should be priced below €488,
€591, and €75, respectively. To be cost-equal to bevacizumab with current list prices, anti-VEGFs should be administered
with a maximum of 12.7 to 13.8 injections over a 3-year time horizon.

Conclusion According to the injection frequency observed in clinical trials, aflibercept 8 mg would be the anti-VEGF that
generates the lowest per-patient healthcare costs for the treatment of nAMD in the Netherlands after a treatment period of
three years. Our study indicates that anti-VEGF drugs with a lower injection frequency might provide a cost-saving solution
to the increasing burden of anti-VEGF treatment on the healthcare system.

Extended author information available on the last page of the article
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Key messages

What is known:

e Although anti-vascular endothelial growth factor (VEGF) treatment is effective for neovascular age-related macular
degeneration (nAMD), the frequent intravitreal injections place a burden on patients, (in)formal caregivers, and
clinics. Novel anti-VEGFs with reduced treatment frequencies may reduce this pressure and related healthcare costs.

What is new:

e Due to the injection frequency observed in clinical trials, aflibercept 8 mg is the anti-VEGF that generates the
lowest per-patient healthcare costs for the treatment of nAMD in the Netherlands after a treatment period of three

years.

e Bevacizumab is the second cheapest anti-VEGF due to its low medication price.
e Our study indicates that anti-VEGF drugs with a lower injection frequency might provide a cost-saving solution to
the increasing burden of anti-VEGF treatment on the healthcare system.

Keywords Anti-VEGFs - Neovascular age-related macular degeneration - Cost-minimisation

Introduction

In 2021, there were more than 146,000 patients with age-
related macular degeneration (AMD) in the Netherlands, and
this number increases by 13,700 patients annually, exacer-
bated by the ageing of the population [1, 2]. Approximately
10%—-15% of AMD patients develop the advanced stage neo-
vascular age-related macular degeneration (nAMD) [3]. Due
to its rapid growth, the number of European patients with
advanced AMD is likely to increase from 2.7 million in 2013
to 3.6 or 4.8 million by 2040 [2]. AMD and nAMD are the
main causes of vision loss worldwide [3] that, due to their
negative impact on general and mental health, significantly
affect patients’ quality of life [4—6].

Currently, the first-line treatment for patients with
nAMD entails anti-vascular endothelial growth factors
(anti-VEGFs) administered through intravitreal injections
[7]. The anti-VEGFs that are presently available in the
Netherlands include aflibercept 2 mg, bevacizumab, brolu-
cizumab, faricimab, ranibizumab, and soon aflibercept 8 mg
[7]. Guidelines recommend initiating nAMD treatment with
bevacizumab due to its lower medication price and effi-
ciency comparable to other anti-VEGFs. In cases of insuf-
ficient treatment response, bevacizumab may be switched to
aflibercept 2 mg or ranibizumab [7]. Brolucizumab is recom-
mended as a last option as it increases the risk of intraocular
inflammation post-injection in patients [7]. Faricimab and
aflibercept 8 mg obtained European marketing authoriza-
tions in 2022 and 2024, respectively [8, 9]. Although all
previously mentioned anti-VEGFs are believed to induce a
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similar vision gain, the number of injections needed to reach
and maintain this effect varies between anti-VEGFs and the
type of regimen [10, 11].

A reduced injection frequency may benefit patients, (in)
formal caregivers, and clinics as it decreases the burden
associated with anti-VEGF treatment. The frequent intra-
vitreal injections and check-ups that anti-VEGF treatment
require are time-consuming [7]. Accordingly, studies show
that patients prioritize effectiveness in their treatment, but
given the same effect, they prefer treatment regimens that
require fewer hospital visits [12]. In addition, intravitreal
injections induce anxiety by some patients, especially those
who recently started the treatment [13, 14]. At the same
time, Dutch ophthalmic healthcare is under pressure; oph-
thalmology has the third longest waiting list of all hospital
specializations in the Netherlands (i.e., 8.1 weeks on aver-
age), and the annual medical costs of eye-related disorders
amount to approximately one billion euros [15, 16].

Over the years, several anti-VEGF treatment strategies
have been introduced to decrease the number of injections
while maintaining similar vision gains. Compared to older
fixed regimes, the treat-and-extend (T&E) regimen has been
shown to reduce both over- and undertreatment by adjusting
the treatment intervals to the patient’s disease activity and is
therefore recommended as a treatment regimen for nAMD in
the Dutch guideline [7, 17]. In the T&E regimen, clinical tri-
als showed that the treatment intervals of bevacizumab and
ranibizumab could be extended up to 12-weeks and the treat-
ment intervals of aflibercept 2 mg and faricimab could be
extended up to 16 weeks [18-20]. Moreover, the PULSAR
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trial showed that the recently introduced aflibercept 8 mg
could even exceed the maximum 16-week intervals recom-
mended by Dutch guidelines [7, 11]. At week 96, 78% of
patients randomized to aflibercept 8 mg exceeded a flex-
ible 16-week interval, and 53% of them exceeded a 20-week
interval [21, 22].

Since anti-VEGFs have comparable effects, treatment
costs should be an important factor when selecting an anti-
VEGTF to help reduce the (financial) strain on ophthalmic
healthcare. The use of a broad healthcare perspective instead
of solely direct medication costs can contribute to an appro-
priate decision. Currently, the Dutch treatment guideline
recommends a T&E regimen with bevacizumab as first-line
treatment, primarily due to its calculated budget impact and
previous cost-effectiveness analyses [7]. This budget-impact
calculation is limited to medication costs and assumes that
efficacy, durability, and treatment exposure among various
anti-VEGFs are similar [7]. Conversely, a prior cost-min-
imization analysis calculated the per-patient costs of anti-
VEGF treatment using clinical trial data and encompassed
all healthcare-related costs [23]. Although this analysis also
indicated that bevacizumab was linked to the lowest total
healthcare costs [23], the disparity in per-patient costs, when
compared to other anti-VEGFs, was less notable than the
difference identified in the budget-impact analysis carried
out for the Dutch treatment guidelines [7]. This outcome was
mainly caused by the higher number of administrations and
screenings in a T&E regimen for bevacizumab compared to
the other anti-VEGFs.

Although informative, neither the previous cost-min-
imization analysis nor the budget-impact analysis of the
Dutch treatment guideline included the novel aflibercept
8 mg and faricimab [7, 23]. Therefore, this study aims to
compare the direct medical costs of the novel anti-VEGFs
(aflibercept 8 mg and faricimab) to the current standard of
care (bevacizumab, aflibercept 2 mg, and ranibizumab) for
unilateral treatment of treatment-naive nAMD patients in
the Netherlands.

Methods

Our study is a follow-up of the previous cost-minimiza-
tion analysis that estimated all direct medical costs rel-
evant to one-eye anti-VEGF treatment in treatment-naive
nAMD patients [23]. The cost-minimization model was
developed in Microsoft Excel (Redmond, WA, USA) and
used a 3-year time horizon as Dutch guidelines prescribe
this period as the minimum time to estimate the impact
of treatment on the healthcare payer [24]. Given the
chronic nature of nAMD [24], a shorter time frame would
inadequately reflect the costs associated with anti-VEGF

treatment. However, as clinical trials lasted two years, a
longer time horizon would lead to too much uncertainty
in extrapolation. Our analysis compares aflibercept 2 mg,
aflibercept 8 mg, bevacizumab, faricimab, and ranibi-
zumab and includes optimal clinical trial regimens,
specifically those that minimize injection frequency
without compromising vision (gain) maintenance for all
anti-VEGFs currently available in the Netherlands. The
analysis did not include brolucizumab, as this anti-VEGF
treatment is generally not used in naive patients due to
its elevated risk for intraocular inflammation [7]. As the
clinical trials demonstrated the non-inferiority of anti-
VEGFs in vision gains from baseline, the model omitted
the treatment effect [18, 20, 22, 25-27]. The analysis was
conducted from a healthcare perspective to inform medical
stakeholders (i.e., doctors, healthcare insurance compa-
nies, healthcare policy makers, and pharmacists) of the
impact of anti-VEGF treatment and their regimens. The
most important study characteristics are summarized in
Table 1, and study assumptions are presented in Appen-
dix 1 Table 8.

Included regimens

Our study compared anti-VEGFs in their optimal clini-
cal trial regimens (i.e., regimens that minimise injection
frequency without compromising vision gain mainte-
nance) which include the T&E regimen for the established
anti-VEGFs and a flexible up to 24 weeks regimen for
aflibercept 8 mg and flexible up to 16-week regimen for
faricimab.

The T&E regimen is recommended by the Dutch guide-
line for AMD and by experts because it has proven effec-
tive in preventing both over- and undertreatment [7, 17].
As seen in most clinical studies, a T&E regimen consists
of a loading phase with three monthly injections, fol-
lowed by a flexible treatment interval that ranges from 4 to
16 weeks, depending on disease activity [17, 20, 28, 29].
The disease activity is assessed during a monitoring visit
that preferably coincides with the injection visit. Dutch
guidelines indicate that patients should be diagnosed with
spectral domain optical coherence tomography (SD-OCT),
vision assessment, and fundoscopy to determine the pres-
ence of intraretinal and/or subretinal fluid, vision loss, and
haemorrhage (Appendix 2 Table 9) [7]. A similar assess-
ment should be repeated at the end of the loading phase
[7]. In the subsequent assessments, disease activity should
be evaluated with an SD-OCT to establish the presence of
intraretinal and/or subretinal fluid [7]. Table 2 summarizes
the T&E regimens that were studied in the included clini-
cal trials of the established anti-VEGFs.
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Table 1 Overview of model characteristics

Input
Model type Cost-minimization analysis
Perspective Healthcare payer

Time horizon 3-years

Included anti-VEGFs and their regimens Aflibercept 2 mg (T&E
with an injection interval
of up to 16 weeks)

Aflibercept 8 mg (Q16
arm, with an injec-
tion interval of up to
24 weeks)

Bevacizumab (T&E with
an injection interval of
up to 12 weeks)

Faricimab (Flexible with
an injection interval of
up to 16 weeks)

Ranibizumab (T&E with
an injection interval of
up to 12 weeks)

Medication
Administration
Clinic visits
Monitoring visits
Adverse events

Cost parameters

Outcomes Costs per patient (based on
unilateral treatment)

Break-even price relative
to cheapest anti-VEGF
subjective to injection
frequency

OWSA

OWSA One-way sensitivity analysis; T&E Treat-and-extend

Currently, the summary of product characteristics
(SmPC) of faricimab recommends the flexible 16-week
regimen that was studied in the TENAYA and LUCERNE
trials [8]. The flexible regimen for faricimab starts with a
loading phase of one injection per month for four consec-
utive doses and is subsequently followed by an injection
every eight weeks, every 12 weeks, or every 16 weeks,
depending on disease activity at week 20 and/or 24. For
aflibercept 8 mg, its SmPC recommends a flexible regi-
men of up to 20 or 24 weeks [9]. To model this regimen,
we used the randomized Q16 arm from the PULSAR trial.
The flexible up to 24 weeks regimen starts with a load-
ing dose of one injection per month for three consecutive
doses, followed by an extension of injection intervals up
to four and subsequently up to five and six months (20
and 24 weeks) based on visual and/or anatomic outcomes.
Table 3 presents the regimen characteristics of the novel
anti-VEGFs.
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Injection and monitoring frequency

The injection frequency of each anti-VEGF in every treatment
regimen was retrieved from Phase 3 or 4 prospective rand-
omized clinical trials that measured change in visual acuity
as the primary outcome in patients with unilateral treatment-
naive nAMD (Table 4, Appendix 3 Table 10). Trials that
had a 96-week duration were extrapolated to 104 weeks. In
addition, we assumed that the number of injections in year 3
was equal to year 2, based on real-world evidence [33-37].
When multiple trials were available, the injection frequency
was determined by calculating the weighted average based on
the trial population. During the loading phase, two monitoring
visits were assumed: one at treatment initiation and one during
the last administration. Subsequently, a monitoring visit was
assumed for every administration, regardless of the discrep-
ancy in clinical trial regimens.

Resource use and costs

All direct healthcare costs identified in literature relevant
to medication, administration, hospital visits, imaging, and
adverse events (AEs) were considered (Table 5). They were
based on the Dutch literature and indexed to November 2023
using consumer price indices from Statistics Netherlands
[38, 39]. Since bevacizumab is used off-label and is often
prepared in hospital pharmacies, its medication price was
calculated based on the time and materials that were used
by medical staff to prepare it, while the medication prices
of all other anti-VEGFs were based on the Dutch list prices
(i.e., Z-index) [23, 40]. For each administration, the costs
included medication, hospital visits, and intravitreal injec-
tions [38, 41, 42]. Each monitoring visit included imaging
costs [7, 38, 41]. In each regimen, the first and second moni-
toring visits consisted of an SD-OCT, vision assessment,
and fundus photography, while the subsequent monitoring
visits consisted of solely an SD-OCT [7]. We assumed that
all monitoring visits were performed at the same time as
the administration of the intravitreal injection. Only AEs
related to the administration of an intravitreal injection were
implemented because an equal effect of each anti-VEGF was
assumed. This assumption is substantiated by the compa-
rable occurrence of AEs that were found in non-inferiority
clinical trials [10, 25]. The assumed risk per injection was
based on the study by Elshout et al. [38].

Break-even analysis

In addition to the calculated per-patient costs for one-eye
treatment, our model estimated the break-even price for each
anti-VEGF relative to bevacizumab, which is the current
first-line treatment in the Netherlands based on its relatively
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Table 3 Overview of characteristics of anti-VEGF regimens that are not T&E based on clinical trials indicated by their names

Anti-VEGFs with another regimen

Treatment schedule

Treatment (regimen) Loading phase Minimum and

maximum interval

Patient distribution at
end year 2

Schedule description

Regimen modification
Description of regimen modifi-
cation criteria

Aflibercept 8 mg (Q16 arm)
Based on PULSAR (96 weeks)
[11,22]

Yes (3 monthly doses) 8 to 24 weeks > 12 weeks: 89%
> 16 weeks:

83%

20 weeks: 16%

24 weeks: 27%

Faricimab (flexible regimen) Yes (4 monthly doses) 8 to 16 weeks TENAYA
Based on TENAYA and 8 weeks: 25.8%
LUCERNCE (104 weeks) 12 weeks:
[27] 15.1%
16 weeks: 59.0%
LUCERNE

8 weeks: 18.8%
12 weeks: 14.3%
16 weeks: 66.9%

Start

16-week injection interval
regimen adjusted to an
8-week injection interval
if criteria for shortening
injection interval were met
at week 16 or 20 and to a
12-week injection interval
weekly if criteria were met
at week 24

First year

No injection interval exten-
sion is allowed in the first
year; only shortening. The
minimum injection interval
was 8 weeks. Shortening
by 4-week increments from
week 24 onwards when
criteria were met

Second year

Shortening injection interval
by 4-week increments when
criteria were met (minimum
interval 8 weeks)

Extension of injection interval
by 4-week increments from
week 52 onwards with a
maximum of 24 weeks when
criteria were met

First year

8-week injection interval if cri-
teria for shortening injection
interval were met at week 20
and 12-week injection inter-
val if criteria were met at
week 24. 16-week injection
interval if no criteria were
met in weeks 20 and 24

Second year

Personalized treatment interval
from week 60 onwards that
is adjusted with 4-week
increments for extension and
4 to 8- weeks for reduction
(minimum interval 8 weeks)

Criteria for interval shortening
(first and second year):

> 5-letter loss in BCVA
compared with week 12 due
to persistent or worsening
nAMD, AND

> 25 pm increase in CST com-
pared with week 12 OR foveal
haemorrhage OR new-onset
foveal neovascularization

Criteria for interval extension
(second year):

< 5-letter loss in BCVA com-
pared with week 12, AND

No fluid at the central subfield
on OCT, AND

No new onset foveal haemor-
rhage or foveal neovasculari-
zation

Criteria at weeks 20 and 24

An increase of > 50 um in by
SD-OCT measured CST
compared with the average
CST value in the two previous
scheduled visits, OR

An increase of > 75 um CST
compared with the lowest CST
value with the lowest value
in the two previous scheduled
visits, OR

A decrease of > 5 letters in
BCVA compared with the
average BCVA value over
the previous two scheduled
visits, OR

A decrease of > 10 letters in
BCVA compared with the
highest BCVA value recorded
at either of the previous two
scheduled visits, owing to
nAMD disease activity OR

Presence of new macular
haemorrhage, owing to nAMD
disease activity OR

Presence of new macular haem-
orrhage

Week 24

Significant nAMD activity that
does not meet criteria but
requires immediate treatment

BCVA Best-corrected visual acuity; CNV Choroidal neovascularization; CRT Central retinal thickness; CST Central subfield thickness; ETDRS
Early Treatment Diabetic Retinopathy Study; SD-OCT Spectral domain optical coherence tomography
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Table4 Overview of included

injection and monitoring injections

The mean number of

Number of monitoring Sources

visits

frequency based on the

weighted average of clinical Year 1

Year 2 Year 3

Year 1 Year2 Year3

trials
Aflibercept2 mg 7.2 43

Aflibercept 8 mg 5.4 33
Bevacizumab 9.0 9.2
Faricimab 6.8 3.8
Ranibizumab 8.8 8.2

4.3 6.2 43 43 A weighted average of ALTAIR
(T&E with 2-week adjust-

ments), ARIES (early T&E)

[20, 30]
33 4.4 33 33 PULSAR (8q16 arm) [11, 21, 22]
9.2 8.0 9.2 9.2 LUCAS [18]

3.8 5.8 3.8 3.8
8.2 7.8 8.2 8.2

TENAYA, LUCERNE [26, 27]

A weighted average of
TREX, TREND, LUCAS,
CANTREAT, InEye [18, 28,
29, 31, 32]

Table 5 Overview of included health care resources, costs and frequencies of use

Cost per imple- Implementation frequency Source
mentation
Medication
Aflibercept 2 mg €724 Every administration Z-index (list price)
Aflibercept 8 mg €724 Every administration Z-index (list price)
Bevacizumab €18 Every administration Calculation based on pharmacy preparation [23]
Faricimab €730 Every administration Z-index (list price)
Ranibizumab €637 Every administration Z-index (list price)
Administration
Intravitreal injection €475 Every administration DBC: 079799020

Monitoring visits and imaging

Ophthalmology Society guideline [7]

Clinical visits €90 Every monitoring visit DBC: 079699010
SD-OCT €51 Every injection visit after the loading phase Elshout et al.
Dutch Ophthalmology Society guideline [7, 38]
SD-OCT, vision assess- €180 Diagnosis at the start and end of the loading DBC:79,699,011
ment, and fundoscopy phase Dutch Ophthalmology Society guideline [7]
Adverse events

Endophthalmitis €4,337 0.0004 per injection Elshout et al. [38]

Retinal detachment €2,819 0.0001 per injection Elshout et al. [38]

Lens injury €2,134 0.0001 per injection Elshout et al. [38]

Intraocular haemorrhage €281 0.0003 per injection

Elshout et al. [38]

SD-OCT Spectral domain optical coherence tomography

low medication price. The break-even price is the medica-
tion price of other anti-VEGFs, at which point the cost of
treatment will equal that of bevacizumab. The break-even
analysis aimed to improve accuracy, as injection frequen-
cies are currently decreasing, and purchasing prices may
differ from the list prices utilized in our study, especially
in situations with competition or the availability of biosimi-
lars. The break-even price was determined by calculating
the direct healthcare costs without medication and by divid-
ing this total by the number of injections per anti-VEGF.

@ Springer

Additionally, to address uncertainty in injection frequency,
we calculated a break-even price for ascending injection fre-
quencies, which resulted in the break-even price per total
number of injections over a 3-year time horizon.

Sensitivity and scenario analyses
A one-way sensitivity analysis (OWSA) was performed to

assess the model’s robustness. In the OWSA, all inputs were
varied by +£25% to assess the model’s sensitivity to input
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parameters. Additionally, we also performed a scenario
analysis. In the first scenario, the medication price of beva-
cizumab was based on injections that were fully prepared by
production pharmacies instead of hospital pharmacies (i.e.,
€39) [40, 42]. Given the 2-year duration of clinical trials,
the implementation of a 3-year time horizon led to assump-
tions regarding the injection- and monitoring frequency and,
therefore, uncertainty in the model. To account for this, we
assessed the impact of a 2-year time horizon in the second
scenario. On the other hand, 3-years is the minimum time
horizon that is relevant to for payers. To assess the impact
of extended anti-VEGF use, we also applied a 5-year time
horizon, in which the injection frequency in the subsequent
years was equal to year 2.

Results
Costs per patient

With €16,251 per patient over a 3-year time horizon, afliber-
cept 8 mg is associated with the lowest per-patient costs
of all included anti-VEGFs (Table 6, Fig. 1). Bevacizumab
is the second least expensive treatment and costs €17,616
per patient over a 3-year time horizon, which increases
costs per patient by €1,365, compared to aflibercept 8 mg.
Ranibizumab is the most expensive treatment option and
costs €31,746 per patient over a 3-year time horizon. Medi-
cation is the main driver of the costs for all anti-VEGFs
except for bevacizumab; it accounts for only 3% of the total
costs of bevacizumab. Administration costs are the main cost
driver of bevacizumab (i.e., 74%), due to its relatively high
injection frequency. Additionally, to inform payers, Table 6
displays the costs in the initial treatment year and subse-
quent treatment years. All anti-VEGFs are more expensive
in the first treatment year, with a relatively minor difference
between the first and subsequent years for bevacizumab and
ranibizumab.

Break-even price and analysis

The break-even prices of the treatments were calculated in
relation to bevacizumab, which is recommended as a first-
line treatment in the Netherlands due to its low medication
costs (Table 6) [7]. As aflibercept 8 mg was cost-saving
when compared to bevacizumab at its list price at the time of
writing, no break-even price was calculated. To be cost-equal
to bevacizumab, the break-even prices of aflibercept 2 mg
and faricimab are €488 (i.e., -33%) and €591 (-i.e.,19%),
respectively. Ranibizumab needs the largest reduction in list
price as its breakeven price is €75 (i.e., -88%). Additionally,
Fig. 2 explores the break-even price of anti-VEGFs rela-
tive to their injection frequency over a 3-year time horizon.

With the current list prices, to make the per-patient costs of
anti-VEGFs equal to those of bevacizumab, the total num-
ber of injections required in a 3-year time horizon should
range between 12.7 and 13.8. In comparison, bevacizumab
requires 27 injections in this time frame.

One-way sensitivity analysis

In the OWSA, all parameters were varied with a+25%
interval (Appendix 4 Fig. 3). For all anti-VEGFs except
bevacizumab, variation in medication price had the largest
impact on the results. Other parameters with considerable
impact on the total costs of all anti-VEGFs are injection
frequency and the costs of intravitreal injections. For
bevacizumab, intravitreal injection administration expenses
were the largest impact on total costs.

Scenario analysis

The scenario analysis assessed the impact of the use
of bevacizumab injections that were fully prepared
by production pharmacies, a 2-year time horizon, and
a 5-year time horizon (Table 7). Due to the elevated
medication prices, the use of fully prepared bevacizumab
injections increases the total costs by €598, resulting in
per-patient costs of €18,214 and slightly higher break-
even prices for the other anti-VEGFs. When a 2-year time
horizon is implemented, bevacizumab becomes cheaper
than aflibercept 8 mg (i.e., €11,771 versus €11,882,
respectively). With a reduction in the medication price to
€710 (2%), aflibercept 8 mg is as costly as bevacizumab
over a 2-year time horizon. A 5-year time horizon increases
the difference in costs-savings of aflibercept 8 mg versus
bevacizumab to €4,316. Their respective total costs amount
to €24,989 and €29,305.

Discussion

This study shows that, after three years of treatment,
aflibercept 8 mg would be the cheapest treatment option
for treatment-naive AMD patients in the Netherlands.
There is a marginal cost difference between aflibercept
8 mg and bevacizumab, which is primarily attributed to
the lower medication expenses associated with the latter.
The higher medication price of aflibercept 8 mg is offset
by its low required injection frequency when compared to
the less expensive bevacizumab. Based on the treatment
frequency that was observed in clinical trials, aflibercept
8 mg may reduce the injection frequency by 15 injections
over a 3-year time horizon, compared to bevacizumab.
Our results are based on list prices, which might be higher
than the net price a hospital is paying (i.e., the net price).
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Table 6 Medication, administration, imaging, outpatient visit, and total costs per patient over a 3-year time horizon and corresponding break-

even price relative to bevacizumab

Medication Administration Imaging Outpatient visits Adverse events Total Break-even price
vs bevacizumab
Aflibercept 2 mg €11,387 (53%) €7,474 €1,004 €1,416 €36 €21,317 €488 (-33%)
(Total) (35%) (5%) (7%) (0.2%)
Year 1 €5,177 €3,398 €570 €644 €17 €9,806
Year 2+ €3,105 €2,038 €217 €386 €10 €5,746
Aflibercept 8 mg €8,654 €5,680 €813 €1,076 €28 €16,251 N/A
(Total) (53%) (35%) (5%) 7%) 0.2%)
Year 1 €3,940 €2,586 €484 €490 €13 €7,513
Year 2+ €2,357 €1,547 €165 €293 €8 €4,369
Bevacizumab €477 €13,015 €1,594 €2,466 €64 €17,616 Reference
(Total) (3%) (74%) %) (14%) 0.4%)
Year 1 €157 €4,725 €664 €810 €21 €5,926
Year 2+ €160 €4,370 €465 €828 €21 €5,845
Faricimab €10,512 €6,840 €937 €1,296 €33 €19,618 €591 (-19%)
(Total) (54%) (35%) (5%) (7%) 0.2%)
Year 1 €4,964 €3,230 €552 €612 €16 €9,374
Year 2+ €2,774 €1,805 €192 €342 €9 €5,112
Ranibizumab €16,009 €11,938 €1,480 €2,262 €58 €31,746 €75 (-88%)
(Total) (50%) (38%) (5%) (T%) (0.2%)
Year 1 €5,626 €4,195 €655 €795 €20 €11,921
Year 2+ €5,192 €3,871 €412 €734 €19 €10,288

The break-even analysis shows that aflibercept 2 mg and
faricimab are cost-equal to bevacizumab when applying a
33% and 19% discount, respectively. Additionally, our study
found that ranibizumab is cost-saving compared to beva-
cizumab when the medication price is set below €75. Our
estimations of the break-even prices hold particular value in
light of the upcoming biosimilars in the field as well as the
yearly contract negotiations between clinics and healthcare
insurers on reimbursement tariffs for anti-VEGF medica-
tion [43].

Our study is a follow-up of a previous cost-minimization
analysis that compared aflibercept 2 mg, bevacizumab, and
ranibizumab in a T&E regimen when the novel anti-VEGFs
were not yet available [23]. The studies used a similar set-
up, with a 3-year time horizon and cost inputs that were
relevant from a healthcare payer’s perspective. While previ-
ous analysis found that bevacizumab was the cheapest treat-
ment option based on list prices, current analysis finds that
aflibercept 8 mg would be cheaper due to its considerably
lower injection frequency. Both cost-minimization analyses
are a valuable extension of the budget-impact analysis in
the Dutch treatment guideline due to the incorporation of a
broader perspective [7]. While the current guideline primar-
ily centres on medication costs and does not differentiate
between anti-VEGFs in terms of injection frequency and
related impact, the cost-minimization analyses provide a
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more comprehensive perspective and follow health technol-
ogy assessment guidelines [7, 24].

The reduced pressure on the healthcare system is especially
important given the current substantial strain on ophthalmo-
logic care in the Netherlands. The costs of eye-related disorders
amount to approximately one billion euros, with waiting lists
of 8.1 weeks in average duration [15, 16]. AMD is one of the
most prevalent ophthalmic disorders, and with the ageing of
the population, it is expected to become even more prevalent
[3, 17]. Moreover, anti-VEGF treatment is time- and resource-
intensive, and studies show that patients with nAMD prefer
an effective treatment that requires fewer hospital visits [12,
13]. For those reasons, a Dutch T&E report published in 2022
stated that a T&E regimen could reduce over- and under-
treatment in patients with nAMD and therefore contribute to
reduced pressure on healthcare and patients [17]. The report
provided several recommendations on the optimal T&E regi-
men. For the novel anti-VEGFs, no randomized clinical tri-
als that investigate solely a T&E regimen have been published
to date. Therefore, we chose to include the T&E regimen for
the established anti-VEGFs and the currently studied SmPC
regimens for the recently introduced anti-VEGFs [8]. Similar
to the T&E regimen, the flexible regimens of aflibercept 8 mg
and faricimab aimed to reduce injection frequency, while pre-
venting undertreatment [22, 27]. Moreover, in the second year,
the adjustments in the flexible regimens were similar to those
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in T&E, with the treatment intervals of aflibercept 8 mg even
exceeding 16 weeks, which was the maximal treatment interval
in a T&E regimen.

Due to limited data, we made several assumptions that led to
uncertainty in our outcomes. First, we employed a 3-year time
horizon to estimate the often long-term anti-VEGF treatment,
which is in line with Dutch guidelines [24]. As there were no
3-year clinical trial data available, we assumed that the injection
frequency in the second and third years was equal. To assess
the impact of this assumption, we employed a scenario analysis
in which a two-year time horizon was used. In this scenario,
bevacizumab led to the lowest treatment costs and was closely
followed by aflibercept 8 mg. Considering a 2-year treatment
duration, an 2% reduction in the medication price of aflibercept
8 mg would result in equivalent treatment costs to bevacizumab.
Additionally, to reduce the impact of our assumption, a break-
even analysis was performed, which showed the break-even
price per injection frequency over a 3-year time horizon.

Although the assumption of an equal injection frequency in
the second and third year appeared realistic according to a trial
and some real-world studies [33-37], it introduced uncertainty
for the flexible up to 16-week and up-to 24 week regimens.
The PULSAR trial demonstrated that, at 96 weeks, approxi-
mately 53% of patients who were randomized to the afliber-
cept 8 mg every 16 weeks arm at baseline had a last-assigned
injection interval of >20 weeks [44], potentially reducing the
number of injections in subsequent years. Moreover, although
a 3-year time horizon already led to assumptions and uncer-
tainty, it was still an underestimation of the actual treatment
duration of nAMD. nAMD is a chronic disease, and the aver-
age treatment duration is therefore estimated to exceed this
time horizon [45, 46]. As shown in the scenario analysis, the
advantage of a reduced injection frequency increases over
time, and the relative costs of aflibercept 2 mg, aflibercept
8 mg and faricimab might reduce with a longer time horizon.

A second assumption that we made was that we did not
consider variations in disease activity criteria across differ-
ent clinical trials. While some trials defined disease activity as
retinal fluid, others used visual acuity to define disease activity
or both. Moreover, while some trials shortened the treatment

Fig. 1 Costs per patient over a €35000
3 year-time horizon categorized
by medication, administra-
tion, imaging, outpatient visits,
and AEs. Abbreviations: AE,
adverse event

€30000

€25000

€20000

Costs per patient

€5000

- l I
€10000
€

interval after meeting one of the criteria, others continued with
the existing interval after meeting one criterion and only short-
ened it when multiple criteria were fulfilled. This might have
led to discrepancies in the strictness of reinjection and therefore
influenced the number of injections in the trials. Nevertheless,
the anti-VEGFs showed non-inferiority in terms of clinical
vision gains in the included trials, despite differences in treat-
ment regimens [10, 22, 27]. Moreover, the break-even analysis
and OWSA showed the impact of a reduced or increased treat-
ment frequency in a detailed manner.

Lastly, another important consideration to make is that
there is currently no robust real-world data for aflibercept
8 mg. The focus of the recent novel anti-VEGF agents has
been on reducing injection frequency and reaching maximum
injection intervals has therefore been a specific goal for the
randomized clinical trials [22, 26]. Real-world data would
be useful to confirm these favourable injection frequencies.

We used a cost-minimization analysis rather than a cost-
effectiveness analysis to compare currently available anti-
VEGTFs since non-inferiority trials and indirect treatment
comparisons demonstrate their clinical non-inferiority con-
cerning vision gain [10, 20-22, 27]. However, for this rea-
son, we omitted the impact of a reduced intravitreal injection
frequency on the patient’s well-being. Intravitreal injections
accompanied by monitoring visits take time, impacting the
daily lives of patients [12, 13]. In a future study, to make a
fair comparison, it would be interesting to include the impact
of the treatment regimen on the patient and caregivers. In
addition, our analysis provides a simplified version of the
actual treatment pathway of patients with nAMD and did
not include treatment discontinuation or treatment switch-
ing. A Dutch real-world study found that a substantial part
of nAMD patients switch anti-VEGFs during treatment [37].
The study compares the number of patients that switched
in the Netherlands versus a larger international registry and
found that in the Netherlands, 58.5% of patients switched from
bevacizumab after 3 years. In countries where patients initiate
treatment with aflibercept 2 mg or ranibizumab, this rate was
notably lower at 28.7%. Switching a treatment might lead to
reduced initial efficacy and leads to an extra loading phase,

m Adverse events

u Qutpatient visits

= Imaging

= Administration
Medication

Aflibercept 2mg

Aflibercept 8mg

Bevacizumab Faricimab Ranibizumab
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Fig.2 Break-even medication €1,500
price per injection frequency
over a 3-year time horizon, rela- €1,300
tive to bevacizumab . R
Break-even price per injection
€1,100 frequency
List price aflibercept 2mg and 8mg
8 €900 12.7 (€724)
s 12.8
c —— List price faricimab (€730)
£ €700
©
L
T List price ranibizumab (€611)
S €500
13.8
& Break-even point aflibercept (12.7
€300 injections)
O Break-even point ranibizumab (13.8
€100 injections)
A Break-even point faricimab (12.8
€100 12 17 22 27 injections)

N injections over a 3-year time horizon

Table 7 Outcomes of the
scenario analysis

Aflibercept 8 mg
Aflibercept 2 mg
Bevacizumab
Faricimab

Ranibizumab

Scenario 1: bevacizumab injections prepared by production pharmacies

Scenario 2: use of a 2-year time horizon

Aflibercept 8 mg
Aflibercept 2 mg
Bevacizumab
Faricimab

Ranibizumab

Scenario3: use of 5-year time horizon

Aflibercept 8 mg
Aflibercept 2 mg
Bevacizumab
Faricimab

Ranibizumab

Total Break-even price vs bevacizumab
€16,251 N/A

€21,317 €526 (-27%)

€18,214 Reference

€20,034 €632 (-13%)

€31,746 €99 (-85%)

Total Break-even price vs bevacizumab
€11,882 €710 (-2%)

€15,562 €392 (-46%)

€11,771 Reference

€14,496 €473 (-35%)

€21,519 €63 (-90%)

Total Break-even price vs bevacizumab
€24,989 N/A

€32,829 €579 (-20%)

€29,305 Reference

€29,862 €705 (-2%)

€52,201 €84 (-87%)

increasing the (economic) impact of treatment. Treatment
discontinuation leads to even worse visual acuity outcomes.
Including the impact of these real-life treatment pathways
might, therefore, contribute to a more accurate representation
of the costs associated with anti-VEGF treatment.
Nevertheless, our analysis provides a detailed comparison
of the costs associated with different anti-VEGF treatment
for nAMD, which is valuable to decision-makers and health-
care providers. The outcomes show that ophthalmologists
have achieved considerable healthcare savings by position-
ing off-label bevacizumab as first-line therapy for many
years. However, the recently introduced anti-VEGF therapies
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seem to provide a solution to increase efficiency, sustainabil-
ity, and patient satisfaction by reducing the treatment burden
for patients, caregivers and clinics of anti-VEGF therapy for
nAMD patients in the Netherlands at no additional cost. As
our experience of using aflibercept 8 mg in clinical practice
grows and the low injection frequency holds true, eventually
we should consider adapting the guideline.

In conclusion, our analysis shows that based on the injec-
tion frequencies found in clinical trials, aflibercept 8 mg
would be the least costly treatment for nAMD in the Nether-
lands when given for at least three years. This is owing to its
lower healthcare costs attributed to its low injection frequency.
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Appendix 1

Table 8 Model assumptions

The treatment effect was omitted due to the non-inferiority concerning vision gain of anti-VEGFs shown in indirect treatment comparisons and
clinical trials [10]

Some anti-VEGF medications do not have trials specifically investigating a T&E regimen. In such cases, a flexible regimen is assumed

A T&E regime consists of a loading phase, extension phase and maintenance phase. The loading phase is three monthly injections. In the exten-
sion phase treatment intervals can either be extended, maintained, or shortened with 2-week intervals based on disease activity [7]

Following Dutch guideline AMD 2023, for every administration, a control visit is assumed. In the loading/induction phase, two monitoring visits
are assumed (i.e., at treatment initiation and the end of the loading phase [7]

serious AEs solely related to intravitreal injections are included. The risk of these adverse events is equal for all anti-VEGFs due to the clinical
non-inferiority

As per the Dutch guideline AMD 2023, the diagnosis of nAMD is typically performed using SD-OCT, vision assessment and fundoscopy, and
this assessment is repeated at the end of the loading phase. Subsequent monitoring visits or follow-up assessments typically involve the use of
SD-OCT alone [7]

The injection frequency is based on (a weighted average of) data collected from available RCTs
The number of injections in RCTs with a duration of 96 weeks is corrected to 104 weeks

It is assumed that the number of injections in the third year is equal to the second year

The base case assumes bevacizumab preparation in a hospital pharmacy

AE Adverse event; RCT Randomized clinical trials; SD-OCT Spectral domain optical coherence tomography; T&FE Treat-and-extend

@ Springer



Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:327-345

340

Aydei3owo) 9oua10y0d [eondo urewop [enoads 7H0-S (puarxe-pue-jeal], 7 ‘Aydei3oidue ureosaron] Hy,/ ‘UONLIUAZIP Ie[NOBW PIJR[AI-33Y NV

POpUAWIOAT
st oseyd Surpeor
) 03 Joeq 3urod
‘KIATIOR QSBOSIP
uone)sqns Jo sosed
uJ "9AT}ORUI Sem
QSBISIP AU YoIym
Je [eAIO)UT Y} 0)

1D00-ds winjor A[rentur

Aq passasse ping 0} ST 9JIApE 9} (L1

[eunai 1o -qns ¢SIN990-31 A1 ‘L] 110do1 4297,

Kdoosop Sunsrxo 10 Ut 1D0-ds ym -AT)O® 9sBISIp JI yang pue £z0g

-unj Aq passosse aseaoul o3eyea| painseau JUQUWISSISSE UOT) Knanoe ANV Seulfepingn
uoneuruex? duref dSeyriowoey QAT)OR :SISOUSRIP  SI UOISIA PAJOQII0d  -09[UI A19AQ 210Joq  9SBISIP OU JO 9SBD Syoom yon( uo paseg
IS :sIsouSeIp 1y :sisouSeIp 1y pUB [0IUOD AJOAY  -1S9q :SIsouSerp 1y JISIA QWES O} Y UI UOISUIXD YoaM-7  (€]) 9] 01 SYoam §  (SASOp §) Sox 2L

[eAISIUT WNWIXBW

q10 oSeyrrowory pmr UOISIA SYISTA SULIOJIUOIN  sjuowsnipe [eArou] pue wnwrurpy eseyd Surpeo uowiSoy

BLIOJLID PUQ)XQ-PUB-JBAIL],

9[NPAYOS JUSW)BAL],

Qurpepmns judunean yong

suowigar g2 ], Surpregor saureping yoing 6 ajqel

Z xipuaddy

pringer

AQs



341

Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:327-345

pudIxo-pue-jeal], F¥.7 ‘Apms Ayredounay onoqer( uauneal], Alieq SY LT ‘AInde [BnsiA pajoaliod-1sog VADT

84 oM 1e 2100S 19N SYALA

7 pue [ Jeok uowidal [eAI)UI
uonoafur yoam-g paxy 3w g 1dooraqigy
[ Teak WoIj uawWIar [eAIjur uonodafur
Yoom-{Z “Xew 0} UOTSU)XA )M ‘ULIe

UQWISAI [BAIOIUI UOTIOD(UT Yoom-9]

Apnis anuad

[zz 17]  £q pamseaws se YADQ Ul oSueyd ugow pue -Z1 9[qIxep :Sw g 1dedroqigy +SYOM 96 -I[NW ‘POYSLW-9[qNOP ‘PIZIWOPUEY 111 @seyd AVSINd
UuQWISaI [RAIOUI
8% pue ‘b  uonoafur yeam-g paxy :Jw g idooroqigy
‘Ot SYooMm JOA0 PaSeIdAL QUI[SEq WOIJ uow Apmis anuad
[£T9T] (s1om2] SYALHA) VADE UI 95ueyd ULy -1321 910/C10/80 PIAIXeY :qUWIDLIE]  4SY2M (H01/96 -O[AW ‘paYSBW-I[qNOP ‘PIZRUOPUTY [I°sedyd ANIIDNT/VAVNHL
Teak
$OTAA 03 (9T A\) UOTIBZIWIOPUEBI WOIJ  PUOIAS dY) Ul F29 ], PUL 9SOP UONONpuI Kpmys
log]  (steme] SYALA) VADE 2up ut a5uey) /3uipeo 1oiye gap], :Sw g 1dod1aqIyy syquour ¢ anued-nnu ‘[aqe[-uado ‘paziwiopuey  AI/III 2SeUd SHIYV
JuauISN{pe [BAINUI YoM~ IO JIOM-T Apns
[07]  oureseq woij s1on9] VAD Ul aSuey)) I sowrSar g9, :Sw g 1deoreqigy SYooM 96 anued-nnw ‘feqel-uado ‘pazruropuey Al 9seyd NIVI TV
$Z yyuowr 0}
aurjaseq woy (s1919] SYALH) VAL
ur d3ueyd ueowW JY) SUISSISSE AQ SUSW Apms uonezuoyine-jsod ‘Arojusauruou
[1€] -1301 JUSWIIEAT] T JO SSQUIATIORYJ Y], q29 L ‘K[YIUOIN :qewnZIqruey] SYIUOW 7 ‘ISJUQd-I[nw ‘[oqel-uado ‘pazruropuey Al 9seyq IVTIINVD
poriod Yiuow-g | € I9A0 Bleu oI Kpmys
[c€] Jur[oseq wol YADY Ul 9Sueydp uesly  01d pue A[yjuowiq ‘g9 :qewunziqruey syiuow-g | anued-nnuw ‘Jqe[-uado ‘pazruopuey Al 9seyq KUy
(s1ome] SYALH) Apmis 2y} jo pud owrgal Apms anuad
[67] oy 01 2urpeseq woly VADE ul 23uey) AJyjuow pue dwIiSal g2 ], :qeunziqruey] syuow 7| -[[NW ‘POYSLW-IOSSISSE ‘PIZIWOPURY qIII @seyd aNTIL
ey SYALA Apnms anuad
[81] oy) uo panseouwr se a5ueyd YADY UL H291, :qeWINZIOLAdq PUB qBWNZIQIUEY SYIUOW 4 -I[NW ‘POYSEW-I[qNOP ‘PIZIWOPUELY qIII @seud SVON1
(819191 SYALA) Apms
[8z] qurfeseq woij aSueyo YADH UBIN qA2 1 ‘A[yjuowr :qewnziqruey syuow ¢ QIUSD-I}[NW ‘PI[[OTIUOI ‘PIZIWOPUEY qIII 9seyd XTIL
90In0g (s)yurodpuo Arewrrig (s)awi3ar pue (s)3niq uoneing dn-108 aseyq [e1n [ed1UuI)

stern papnyout jo uondiisaq 01 3jqeL

€ xipuaddy

pringer

As



342 Graefe's Archive for Clinical and Experimental Ophthalmology (2025) 263:327-345

Appendix 4
Costs per patient aflibercept (2mg) over a 3 year time horizon
€10000 €15000 €20000 €25000 €30000 €35000 €40000
Injection frequency aflibercept 2mg year 2 ]
Medication price aflibercept 2mg [ ]
u Lower value
Injection frequency aflibercept 8mg year 1 ] = Upper value
Intravitreal injection [ ]
Outpatient visit [ ]
Costs per patient aflibercept (8mg) over a 3 year time horizon
€10000 €15000 €20000 €25000 €30000 €35000 €40000
Injection frequency aflibercept 2mg year 2 [ ]
Medication price Aflibercept 8mg | |
= Lower value
Injection frequency aflibercept 8mg year 1 [ ] = Upper bound
Intravitreal injection ]
Outpatient visit ]
Costs per patient bevacizumab over a 3 year time horizon
€10000 €15000 €20000 <€25000 €30000 €35000 <€ 40000
Intravitreal injection |
Injection frequency bevacizumab year 2 I  Lower value
Injection frequency bevacizumab year 1 || u Upper value
Outpatient visit ||
SD-OCT [ 1}

Costs per patient faricimab over a 3 year time horizon
€10000 €15000 € 20000 <€25000 € 30000 € 35000 € 40000

Faricimab |
Injection frequency faricimab year 1 |
u Lower value
Intravitreal injection - = Upper value
Outpatient visit [ ]
SD-OCT I

€10,000 €15,000 €20,000 €25,000 €30,000 €35000 <€40,000
Injection frequency ranibizumab year 2 |
Ranibizumab I —
Intravitreal injection ]
Injection frequency ranibizumab year 1 ]
Outpatient visit [ ]
SD-OCT

u Lower value

u Upper value

Fig.3 Tornado diagrams presenting outcomes of one-way sensitivity analysis
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