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eDepartment of Ophthalmology, University Hospital and University of Zurich, Zurich, Switzerland; fSave Sight Institute,
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ABSTRACT
Objective: This study compares the direct healthcare costs of anti-VEGF therapies, includ-
ing treat-and-extend (T&E) and other durable regimens, for unilateral neovascular age-
related macular degeneration (nAMD) and diabetic macular oedema (DMO) in Switzerland.
Methods: An adapted cost-minimisation model estimated healthcare costs over two
years for aflibercept 2mg, aflibercept 8mg, faricimab, ranibizumab, and ranibizumab
biosimilars using clinical trial injection frequencies. Break-even analyses identified the
medication prices and injection frequencies required for higher-cost therapies to
achieve cost parity with the least expensive options. A one-way sensitivity analysis
(OWSA) assessed key drivers of cost outcomes.
Results: Aflibercept 8mg was estimated to be associated with the lowest treatment
costs for both indications (CHF 11,814 for nAMD; CHF 11,242 for DMO). Faricimab
(CHF 13,737) and aflibercept 2mg (CHF 15,243) followed in nAMD and DMO.
Ranibizumab and its biosimilars incurred the highest costs: for nAMD, biosimilars
ranged from CHF 16,243 to CHF 17,497 and the reference product reached CHF
18,424; for DMO, biosimilars ranged from CHF 18,187 to CHF 19,596, with the refer-
ence product at CHF 20,637. Break-even analyses for nAMD showed that prices would
need to drop by −22% (faricimab, CHF 644) to −64% (ranibizumab reference, CHF
218) relative to aflibercept 8mg. For DMO, reductions ranged from −42% (aflibercept
2mg, CHF 493) to −81% (ranibizumab reference, CHF 114). The OWSA highlighted
medication price and injection frequency as primary cost drivers.
Conclusions: This study estimated that the potentially minimized injection frequency
of aflibercept 8mg in a clinical trial regimen may result in the lowest treatment costs
for nAMD and DMO, followed by faricimab and aflibercept 2mg, respectively.
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Introduction

Age-related macular degeneration (AMD) and diabetic macular oedema (DMO) are significant causes of
vision impairment and vision loss in Europe’s ageing population1. According to 2020 data, approximately
67 million people in the EU are affected by some form of AMD, a figure expected to rise to 77 million
by 20502. Neovascular AMD (nAMD), or wet AMD, is an advanced form of AMD and causes most cases
of central vision loss, despite being less prevalent than dry AMD3. DMO affects one in 15 people with
diabetes worldwide and is the main cause of visual impairment connected to diabetic retinopathy,
which can potentially lead to the loss of vision and is reported as the main cause of blindness in the
working-age population4–6. With the estimations suggesting that one in ten Europeans will have dia-
betes by 20457, the prevalence of DMO is also expected to rise8.
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Anti-vascular endothelial growth factor (VEGF) treatment is currently considered the standard of care or
preferred treatment for nAMD and DMO6,9. Anti-VEGFs are administered through intravitreal injections and
the number of doses required to reach a treatment effect varies by regimen and anti-VEGF agent10. In 2014
and 2017, the European Society of Retina Specialists (EURETINA) recommended ranibizumab, bevacizumab,
and aflibercept 2mg for the treatment of nAMD and DMO6,9. Off-label bevacizumab is not used in the
Swiss clinical setting, according to a statement by the Swiss VitreoRetinal Group, which cites insufficient
safety evidence and the drug’s off-label status as key reasons11,12. The EURETINA publications outline sev-
eral treatment regimens, with the treat-and-extend (T&E) approach highlighted as a strategy to minimize
injection frequency while maintaining treatment efficacy. This regimen adjusts treatment intervals—short-
ening or extending them—based on the patient’s disease activity. Since the publication of these guide-
lines, several new treatments with more durable regimens have been introduced that reduce injection
frequency even further. First, brolucizumab was launched, which, alongside aflibercept 2mg, became one
of the first anti-VEGFs shown to be effective in treatment intervals of a maximum of 16weeks in nAMD but
still required a 4-weekly interval for DMO13,14. Subsequently, faricimab was approved by SwisMedic for the
treatment of nAMD and DMO15. Studies indicate that faricimab provides non-inferior changes in visual acu-
ity with a flexible 16-weekly regimen for both diseases16,17. Additionally, aflibercept was recently evaluated
in a higher 8mg dosage for nAMD and DMO, demonstrating non-inferior visual acuity when administered
in 16-week (or longer) intervals18,19.

An optimized treatment interval may improve the patient experience. Frequent treatments can lead to
productivity loss. Moreover, patients frequently experience elevated levels of anxiety and stress in anticipa-
tion of therapy appointments, and the intravitreal injection procedure may be uncomfortable or even mod-
erately painful for some20,21. Furthermore, a subset of patients requires caregiver assistance for support
at each appointment20. At the same time, the resource demands of anti-VEGF treatments, requiring
long-term screening, injections, and consultations can strain hospitals. A recent study has estimated the
per-annum economic burden of late-stage AMD to be e7.6 billion in Germany22. Therefore, an anti-VEGF
therapy requiring fewer intravitreal injection visits could, potentially, both reduce the treatment burden on
patients and alleviate the economic burden of these treatments on the healthcare system.

Switzerland ranks among countries with the highest health expenditure per capita, allocating 12.4%
of its gross domestic product to healthcare in 201623. This trend is expected to continue as health
expenditure rose by 3.8% to CHF 10,684 and is projected to reach CHF 11,594 by 202624. In addition to
the overall rise in healthcare spending, the relative share allocated to sensory organ diseases have
increased from 3.8% to 4.5%25. This highlights the growing importance of cost management in Swiss
healthcare, particularly in a disease like nAMD. Supporting this, the study from Reich et al. reported that
during the first six months of treatment, the total healthcare expenditure per patient reached CHF
14,856 for ranibizumab and CHF 13,484 for aflibercept26.

Given that previous cost analyses of nAMD healthcare costs in EU countries were conducted in other
settings27–29, these are not directly transferable to Switzerland due to differences in pricing, reimburse-
ment, and care delivery models. The goal of this study is to evaluate the direct healthcare costs of anti-
VEGF therapies for the treatment of unilateral nAMD and DMO in Switzerland, focusing on T&E and
other novel, more durable, flexible regimens. Given the significant variation in procedures performed
across hospitals and physicians and outcomes in real-world settings, we chose to base this analysis on
treatment protocols used in randomised clinical trials.

Methods

This study is an adaptation of a previous cost analysis that compared the direct healthcare costs of anti-
VEGFs for unilateral treatment of treatment-naïve nAMD patients in the Netherlands using a cost-
minimisation approach28. A cost-minimisation analysis models healthcare costs, while assuming equal
treatment outcomes. Using costs and healthcare practices specific to Switzerland, the model was adapted
to the Swiss healthcare context to measure the costs associated with anti-VEGF treatment for nAMD and
DMO in the country. In the analysis, we compare the anti-VEGFs that have been approved in Switzerland:
aflibercept 2mg, aflibercept 8mg, faricimab, the ranibizumab reference and three ranibizumab biosimi-
lars30–36. Although recommended in EURETINA guidelines6,9, bevacizumab is currently not used in
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Switzerland due to limited data and its off-label status and was therefore, excluded from the analysis11,12.
Brolucizumab was excluded from the analysis as the analysis calculated costs with the assumption of equal
treatment effect and safety, and this anti-VEGF induces an increased risk for intraocular inflammation, also
limiting its use in Switzerland37. While treatment durations often exceed two years38, a two-year time hori-
zon was chosen to align with the maximum follow-up period of most anti-VEGF clinical trials, minimising
uncertainty from extrapolation. Clinical trials and indirect treatment comparisons demonstrated the non-
inferiority of anti-VEGF therapies in mean change in visual acuity from baseline or proportion of patients or
losing �15 letters, allowing the model to exclude treatment effects10,16,17,39–41. The analysis was conducted
from a healthcare payer perspective to provide insights for medical stakeholders on the impact of anti-
VEGF treatments and their administration regimens. Following the cost-minimisation approach, clinical out-
comes were not modelled, based on the assumption that there are no significant differences between
treatments in this regard. The key study characteristics are summarized in Table 1.

Regimens

The study based the injection frequencies on (weighted averages) of the reported number of injections
in all available clinical non-inferiority trials with a T&E or similar flexible regimen (Tables 1, 2). When the
number of injections was reported at 48 or 96weeks instead of at 52 or 104weeks, values were

Table 1. Overview of model characteristics.
Input

Model type Cost-minimization analysis
Perspective Healthcare payer
Time horizon 2 years
Included disease groups Neovascular age-related macular degeneration (nAMD)

Diabetic macular oedema (DMO)
Included anti-VEGFs and their regimens nAMD population:

Aflibercept 2mg (T&E regimen)
Aflibercept 8mg (Flexible QW16)
Faricimab (QW8/QW12/QW16)
Ranibizumab reference (T&E regimen)
Ranibizumab biosimilars (T&E regimen)
DMO population:
Aflibercept 2mg (T&E regimen)
Aflibercept 8mg (Flexible QW16)
Faricimab (T&E regimen)
Ranibizumab reference (T&E regimen)
Ranibizumab biosimilars (T&E regimen)

Cost parameters Medication
Administration
Hospital visit
Diagnosis

Outcomes Costs per patient
OWSA
Break-even analysis (price)
Break-even analysis (injection frequency)

Abbreviations: OWSA, one-way sensitivity analysis; T&E, treat-and-extend; QW16, every 16weeks, QW8/
QW12/QW16, every 8/12/16weeks.

Table 2. Average injection frequency for each anti-VEGF based on selected trials.
nAMD population – injection frequency DMO population – injection frequency

Year 1 Year 2 Total Regimen - Source Year 1 Year 2 Total Regimen -Source

Aflibercept 2mg 7.2 4.5 11.6 T&E - ALTAIR, ARIES 7.6 3.7 11.3 T&E - VIBIM, Hirano et al. (2021)
Aflibercept 8mg 5.4 3.3 8.7 QW16- PULSAR 5.2 3.0 8.3 QW16 -PHOTON
Faricimab 6.2 4.1 10.3 QW8/QW12/QW16 -

TENAYA/LUCERNE
8.1 5.1 13.3 T&E -RHINE, YOSEMITE

Ranibizumab
reference

9.0 7.8 16.8 T&E- TREX, TREND,
CANTREAT, LUCAS

10.7 8.2 18.9 T&E -TREX-DMO

Ranibizumab
biosimilars

9.0 7.8 16.8 T&E - TREX, TREND, CANTREAT,
LUCAS (Assumed equal
to the reference)

10.7 8.2 18.9 T&E TREX-DMO
(Assumed equal to
the reference)

Sources: ALTAIR47; ARIES48; PULSAR10,46; TENAYA/LUCERNE17; TREX43; TREND44; CANTREAT49,50; LUCAS51,52; Hirano et al.45; PHOTON18,41; RHINE
& YOSEMITE53; TREX-DMO54; VIBIM55,56.
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extrapolated to estimate the number of injections over a full 52- or 104-week period. The key character-
istics of the included non-inferiority trials are detailed in Supplementary Appendix 1, covering trial
design, primary outcomes, and the non-inferiority framework.

A T&E regimen was selected as it is widely used in Switzerland and represents an optimized approach by
gradually adapting to the needs of each individual patient42. The T&E regimen was incorporated for afliber-
cept 2mg, faricimab in DMO, the ranibizumab reference, and the ranibizumab biosimilars. Since no clinical
trials were available for the ranibizumab biosimilars, we assumed their injection frequencies in a T&E regi-
men to be the equal to the reference treatment. Furthermore, T&E data were unavailable for aflibercept
8mg and faricimab; therefore, similar flexible dosing regimens were incorporated for those treatments
(Table 3). The loading phase varied across the clinical trials, ranging from two to five initial monthly doses
(Table 3). Subsequently, treatment intervals are adjusted every four weeks, in two-week increments,
depending on disease activity. Most trials set a maximum treatment interval of 12 or 16weeks43–45.

The flexible 16-weekly (QW16) regimen for aflibercept 8mg in the treatment of nAMD (in PULSAR)
and DMO (in PHOTON) also begins with a three-month loading phase18,46. After this, patients follow an
8-week injection interval if disease activity criteria are met at week 16 or 20, and a 12-week interval if
criteria are met at week 24. If no criteria are met at weeks 16, 20 or 24, the interval remains at 16weeks.
After 24weeks, intervals are adjusted every 4weeks based on disease activity with a minimum interval
of 8weeks and a maximum interval of 16weeks. In the second year, the maximum dosing interval of
nAMD patients extends from 16 to 24weeks.

The flexible 8/12/16 weekly (QW8/QW12/QW16) regimen of faricimab for nAMD (in TENAYA and LUCERNE)
patients starts with a loading phase of four monthly doses17. After this, in the first year, the regimen involves
an 8-week injection interval if disease activity criteria are met at week 20, and a 12-week interval if criteria are
met at week 24. If no criteria are met at weeks 20 or 24, the interval extends to 16weeks. In the second year,
the treatment interval is personalized starting at week 60, with adjustments in 4-week increments for exten-
sion and 4 to 8-week increments for reduction, with a minimum interval of 8weeks and a maximum of
16weeks. The disease activity of patients was assessed in control visits which took place at the start of the
loading phase, at the end of the loading phase, and during every subsequent injection appointment.

Table 3 summarizes the most important characteristics of the studied treatment regimens,
Supplementary Appendix 2 the disease activity criteria that were followed in each study, and
Supplementary Appendix 3 the number of injections that were in each study and the corresponding the cal-
culation assumptions.

Costs and resource use

The analysis accounts for all resource utilization-related costs related to unilateral anti-VEGF treatment from a
healthcare perspective, as validated by two clinical experts, excluding treatment effects and safety considera-
tions (Table 4). Adverse events associated with the intravitreal injection but unrelated to the active

Table 3. Summary of the most important characteristics of the studied treatment regimes.
Anti-VEGF Population Study Regimen Loading phase Interval Y1 Interval Y2

Aflibercept 2mg nAMD ALTAIR T&E (2W adj.) Three monthly doses QW8-QW14 QW8-QW16
Aflibercept 2mg nAMD ARIES T&E (early) Three monthly doses QW8-QW16 QW8-QW16
Aflibercept 8mg nAMD PULSAR Flexible QW16 Three monthly doses QW8-QW16 QW8-QW24
Faricimab nAMD TENAYA QW8/QW12/QW16 Four monthly doses QW8-QW16 QW8-QW16
Faricimab nAMD LUCERNE QW8/QW12/QW16 Four monthly doses QW8-QW16 QW8-QW16
Ranibizumab nAMD TREX T&E Three monthly doses QW4-QW12 QW4-QW12
Ranibizumab nAMD TREND T&E Two monthly doses QW4-QW12 N/A
Ranibizumab nAMD CANTREAT T&E Three monthly doses QW4-QW12 QW4-QW12
Ranibizumab nAMD LUCAS T&ER Monthly until inactive disease QW4-QW12 QW4-QW12
Aflibercept 2mg DMO Hirano et al. (2021) T&E (4W adj.) Five monthly doses QW8-QW16 QW8-QW16
Aflibercept 2mg DMO VIBIM T&E Five monthly doses QW4-QW12 QW4-QW20
Aflibercept 8mg DMO PHOTON Flexible QW16 Three monthly doses QW8-QW16 QW8-QW24
Faricimab DMO RHINE T&E At least four monthly doses QW4-QW16 QW4-QW16
Faricimab DMO YOSEMITE T&E At least four monthly doses QW4-QW16 QW4-QW16
Ranibizumab DMO TREX-DMO T&E Four monthly doses QW4-QW12 QW4-QW16

Abbreviations: DMO, diabetic macular oedema; nAMD, neovascular age-related macular degeneration; T&E, treat-and-extend, QWx, every X weeks.
Sources: ALTAIR47; ARIES48; PULSAR10,46; TENAYA/LUCERNE17; TREX43; TREND44; CANTREAT49,50; LUCAS51,52; Hirano et al.45; PHOTON18,41; RHINE
& YOSEMITE53; TREX-DMO54; VIBIM55,56.
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component were excluded due to limited and inconsistent data. Medication costs were based on public
2024 data from the Swiss Federal Office of Public Health57–59. At the time of analysis, three ranibizumab bio-
similars were available (i.e. Byooviz, Ranivisio, and Ximluci). The medication ranges for all biosimilars were
incorporated, as listed in Table 4. Administration, hospital visit, and diagnosis costs were based on the aver-
age 2024 tariffs used for reimbursing medical services in Swiss hospitals, sourced from the database of
TARMED. Each patient begins with a diagnosis, which includes a consultation of 30min together with an
assessment of the best-corrected visual acuity (BCVA), a slit-lamp examination, a spectral domain optical
coherence tomography (SD-OCT), a biomicroscopy, a fundus photograph (FP), and fluorescein angiography
(FA). Subsequently, patients are assumed to attend visits where a routine check-up and an injection are
administered during the same appointment. During this check-up and administration, the disease activity of
patients is assessed to establish the next treatment interval. We categorize the costs during those visits into
two groups: those related to control (including consultation and imaging) and those associated with intravi-
treal injection administration (including technical aspects of administration). We assume that the control visit
consultation covers both screening and administration, so no additional consultation costs are included for
administration to avoid double counting. The costs for the control visit in the hospital include a 15-minute
consultation including a BCVA assessment, a slit-lamp examination, a SD-OCT scan, and a biomicroscopy. The
costs associated with the technical aspects of the injection administration cover a preparatory discussion
with the patient, the injection itself, and the expense of operating room usage. Although the model focuses
on unilateral treatment, it is possible that patients undergo examination of the fellow eye during their visits.
For both diagnostic and follow-up appointments, it is assumed that no additional TARMED codes will be
billed if the second eye is also examined. The TARMED code calculations and tax point conversion used in
the model are presented in Supplementary Appendix 4.

Sensitivity analyses

A one-way sensitivity analysis (OWSA) was conducted to evaluate the impact of model parameters on
the total costs of anti-VEGF treatments. In this analysis, model parameters were varied across their 95%
confidence intervals (CIs), derived from their standard errors (SEs). When standard errors or distribution
data were unavailable, an SE of 10% of the mean value was assumed.

Furthermore, with some anti-VEGF therapies approaching patent expiration and the introduction of
biosimilars, additional treatments are likely to emerge, or the prices of existing medications may decline
in the future. The analysis accounted for the biosimilars available at the time but to account for the pos-
sibility of further additions in the field, a break-even analysis of medication pricing was performed. This

Table 4. Overview of included costs and implementation frequencies.
Cost per implementation Implementation frequency Source

Medication
Aflibercept 2mg 846 CHF Every administration [57]
Aflibercept 8mg 846 CHF Every administration [57]
Faricimab 831 CHF Every administration [58]
Ranibizumab reference 611 CHF Every administration [59]
Ranibizumab biosimilar – range 11 556 CHF Every administration [59]
Ranibizumab biosimilar – range 22 481 CHF Every administration [59]

Diagnosis
Total diagnosis costs 527 CHF At the start of treatment TARMED3

Administration
Intravitreal injection 243 CHF Every administration TARMED4

Control visit
Total control visit 210 CHF Every administration TARMED5

1Range 1 was based on the medication price ranges of Byooviz and Ranivisio.
2Range 2 was based on the medication price ranges of Ximluci.
3Consultation is estimated at 30min and costs are calculated based on the following TARMED treatment codes: 00.0010, 00.0020, 00.0030.
Imaging includes an assessment of BCVA, slit-lamp calculation, SD-OCT, biomicroscopy, FP, and FA. Calculated based on the following
TARMED treatment codes: 08.1230, 08.1080, 08.3010, 08.1130, 08.1060.
4Cost inputs solely include the technical aspects of the administration. Calculation based on the following TARMED treatment codes:
00.0050, 08.3350, 35.0030.
5Consultation is estimated at 15min and costs are calculated based on the following TARMED treatment codes: 00.0010, 00.0020, 00.0030.
Imaging costs include split-lamp examination, SD-OCT, and biomicroscopy and are based on the following TARMED treatment codes:
08.1230, 08.1080, 08.3010.
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analysis calculated the medication cost required for an anti-VEGF to equal the total cost of the least
expensive alternative. The calculation involved determining the difference in total costs between the
cheapest anti-VEGF and the total costs without medication of a second anti-VEGF and then dividing this
difference by the number of injections in the clinical regimen of the second anti-VEGF.

Additionally, to account for the differences in the included clinical trial designs and real-world treat-
ment regimen procedures, a break-even analysis was conducted to estimate the cost per injection for
each anti-VEGF and the number of administrations required for each to equal the total cost of the least
expensive anti-VEGF. This analysis aimed to improve understanding regarding the impact of varying
injection frequencies in a real-world setting.

Results

Costs per patient

For nAMD, the costs of aflibercept 8mg were estimated at CHF 11,814 per patient (i.e. 7,351 CHF medi-
cation costs and 4,463 CHF resource costs) over a 2-year horizon, making it the lowest-cost option of all
anti-VEGFs assessed in this study. At CHF 13,737 per patient (i.e. 8,549 CHF medication costs and 5,188
CHF resource costs) over a 2-year horizon, faricimab was the second most affordable option, followed by
aflibercept 2mg, with the costs estimated at CHF 15,632 (i.e. 9,838 CHF medication costs 5,749 CHF
resource costs). Ranibizumab was the most expensive, with costs for the biosimilars estimated at CHF
17,497 at price range 1 and CHF 16,243 at price range 2, while the ranibizumab reference had total costs
of CHF 18,424 over a 2-year time horizon. Its resource costs were 8,145 CHF with medication costs
between 8,089 and 10,279 CHF. Medication costs were the main cost driver across all analysed anti-VEGF
agents. In all the cases, the costs for the first year were higher than for the second year, with the extent
of that difference varying between drugs. Detailed results are presented in Figure 1 and Table 5.

For DMO, aflibercept 8mg is also associated with the lowest costs per patient, with the total costs
estimated at CHF 11,242 per patient (i.e. 6,979 CHF medication costs and 4,264 CHF resource costs) over
a 2-year time horizon. Aflibercept in the lower, 2mg, formulation was the next most economical option,
estimated at CHF 15,243 per patient (i.e. 9,584 CHF medication costs and 5,659 CHF resource costs) over
two years. Treatment of DMO using faricimab was calculated to amount to CHF 17,537 per patient (i.e.
11,009 CHF medication costs and 6,528 CHF resource costs) over the same time horizon. The model
identifies ranibizumab as the most expensive treatment option with the biosimilars generating lower
costs compared to the reference product. The costs of the biosimilar ranged from CHF 19,596 to CHF
18,187 at price range 1 and 2. Meanwhile, the ranibizumab reference product led to a total cost of CHF
20,637. The resource costs of ranibizumab were 9,087 CHF with medication costs between 9,100 and
11,550 CHF. Again, medication costs were the main cost driver for all analysed anti-VEGF agents.
Detailed results are presented in Figure 2 and Table 6.

Break-even analysis (price)

In addition to per-patient costs, our model calculated the break-even price for each anti-VEGF agent
relative to the most cost-saving option at the time of writing, aflibercept 8mg (Table 7). The estimations

Figure 1. Visual overview of the costs per nAMD patient for all the anti-VEGFs included in the model. Showing the range
in medication costs for the ranibizumab biosimilar depending on the price range that is selected (þ1,254 at price range 1).
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performed for nAMD show that to achieve the cost-equivalence of aflibercept 8mg, the break-even list
price of faricimab would need to be CHF 644 (i.e. −22%), while aflibercept 2mg would have to decrease
to CHF 518 (i.e. −39%). In the case of ranibizumab, the break-even price was calculated at CHF 218,
which would mean a change in list price of −61% and −55% for the biosimilars (price range 1 and 2,
respectively) and −64% for the ranibizumab reference product.

Break-even analysis for DMO showed that the second cheapest option, aflibercept 2mg would need
to have a list price of CHF 493 (i.e. −42%) to match the cost-equivalence of aflibercept 8mg (Table 7).
The break-even price for faricimab was estimated at CHF 356 (−57%). Ranibizumab’s break-even price
was estimated at CHF 114, requiring reductions of 79% and 76% for the biosimilars (price range 1 and 2,
respectively) and 81% for the ranibizumab reference product.

Break-even analysis (injections)

The break-even analysis for the number of injections was performed relative to the agent with the low-
est healthcare costs, aflibercept 8mg in both nAMD and DMO (Table 7). It aimed to determine the
mean number of injections at which the other anti-VEGF agents would have the same total costs as the
cheapest option. Currently, for the nAMD population, the mean number of injections that was found for
faricimab is 10.3, with the analysis break-even number estimated at 8.5 (i.e. −17%). At the same time, if
the number of aflibercept 8mg injections increases by 1.8, its cost becomes equivalent to that of farici-
mab. For aflibercept 2mg, the break-even number of injections was 8.1, which is 30% less than the cur-
rent mean number of 11.6. In the case of ranibizumab, the number of injections would have to drop
from 16.8 to 9.7 (i.e. −42%) for the biosimilar at price range 1, to 10.7 (i.e. −36%) for the biosimilar at
price range 2 and to 9.1 (i.e. −46%) for the ranibizumab reference.

For aflibercept 2mg treatment in DMO, the break-even number of injections was calculated at 7.7
instead of the currently administered number, 11.3 (i.e. −32%). At the same time, in case the number of
aflibercept 8mg injections increases by 3.7, its costs become equivalent to that of aflibercept 2mg.
Faricimab, with the current mean number of injections reported at 13.3, would need to decrease it to
7.4 (i.e. −44%). Again, the reduction would need to be the highest in the case of ranibizumab, with the
break-even number estimated at 8.4 and 9.3 for the ranibizumab biosimilars (at price range 1 and 2,
respectively) and at 7.9 for the ranibizumab reference (i.e. −55%, −51%, and −58% respectively).

One-way sensitivity analysis

We conducted an OWSA to assess the impact that varying a single parameter value has on the model
outcomes (Figures 3, 4). To assess this, we applied a± 10% variation to all model inputs. For both patient
populations, the medication price was the most impactful parameter for all anti-VEGFs, followed by the
injection frequencies of the first year and second year (Figure 3, Figure 4). The upper limit for aflibercept
8mg in nAMD increased to CHF 12,549 with a higher medication price and to CHF 12,536 with increased
injection frequency in year 2. In DME, it rose to CHF 11,940 with a higher medication price and to CHF
11,920 with increased injection frequency in year 1. Despite these increases, the upper values remained

Figure 2. Visual overview of the costs per DMO patient for all the anti-VEGFs included in the model. Showing the
range in medication costs for the ranibizumab biosimilar depending on the price range that is selected (þ1,408 CHF at
price range 1).
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Table 7. Overview of the results of the break-even analyses.
Aflibercept 2mg Aflibercept 8mg Faricimab Ranibizumab Ranibizumab biosimilar

nAMD Break-even price (CHF) 518 N/A 644 218 218
Current list price (CHF) 846 846 831 611 481
Difference (%) −39% N/A −22% −64% −55%

DMO Break-even price (CHF) 493 N/A 356 114 114
Current list price (CHF) 846 846 831 611 481
Difference (%) −42% N/A −57% −81% −76%

nAMD Break-even nr injections 8.1 N/A 8.5 9.1 10.7
Current nr injections 11.6 8.7 10.3 16.8 16.8
Difference (%) −30% N/A −17% −46% −36%

DMO Break-even nr injections 7.7 N/A 7.4 7.9 9.3
Current nr injections 11.3 8.3 13.3 18.9 18.9
Difference (%) −32% N/A −44% −58% −51%

Figure 3. OWSA results for all anti-VEGFs for the nAMD population. Absolute difference compared to the base case out-
comes because of the þ-10% variation in parameter value inputs.

Figure 4. OWSA results for all anti-VEGFs for the DMO population. Absolute difference compared to the base case out-
comes because of the þ-10% variation in parameter value inputs.
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below the deterministic costs of other anti-VEGF therapies. Only for the ranibizumab biosimilars the
most sensitive parameter was the injection frequency of the first year, due to its lower medication price.

Discussion

This study highlights the impact of injection frequency on healthcare costs associated with the treat-
ment of both nAMD and DMO. Healthcare costs in Switzerland are relatively high24, and the use of anti-
VEGF therapies with a more durable regimen could contribute to more efficient budget management.
Even though a relatively short treatment period was incorporated in this study, the difference in health-
care costs between anti-VEGFs based on their clinical trial regimens was relevant. Aflibercept 8mg in a
flexible QW16 trial regimen was estimated to result in the lowest costs, with CHF 11,814 for nAMD and
CHF 11,242 for DMO over two years. Faricimab was calculated to be the second least costly option in
nAMD in a QW8/QW12/QW16 trial regimen with costs estimated at CHF 13,737. Aflibercept 2mg in a
T&E trial regimen was estimated the second least expensive option in DMO with the costs estimated at
CHF 15,243. Although the ranibizumab biosimilars offer a lower medication price, their expected higher
injection frequency in a T&E regimen was estimated to elevate overall healthcare costs, resulting in total
costs of up to CHF 16,243 in nAMD and CHF 18,187 in DMO for the cheapest ranibizumab biosimilar. To
achieve cost equality in nAMD and DMO with aflibercept 8mg, ranibizumab biosimilars were calculated
to require a medication price of CHF 218 in nAMD and CHF 114 in DMO, respectively.

The OWSA indicated that, besides medication price, the injection frequency had the most impact on
results. We based those injection frequencies on clinical trial data. However, trials sometimes differ in
their proposed treatment regimens, and this may influence the observed injection frequencies.
Therefore, additional break-even analyses were conducted to estimate the relative costs in a real-world
setting. Besides the reduced medication price needed to achieve cost equality with the least expensive
treatment option, the reduction in injection frequency required for cost equality was calculated. The
results indicated that, regarding the nAMD population, injection frequencies for aflibercept 2mg, farici-
mab, ranibizumab, and the cheapest ranibizumab biosimilar would need to decrease by 30%, 17%, 46%,
and 36%, respectively. While for the DMO population, injection frequencies would need to be reduced
by 32%, 44%, 58% and 51%, respectively. Due to their lower medication costs, the cheapest ranibizumab
biosimilar could sustain the highest injection frequency while remaining cost-equivalent to aflibercept
8mg, allowing up to 10.7 and 9.3 injections over two years for the nAMD and DMO populations.

The higher dose of aflibercept 8mg has been shown to allow for extended treatment intervals com-
pared to aflibercept 2mg in clinical trials, likely due to its reported 34% longer ocular clearance and pos-
sibly longer half-lives through the higher dosage18,19,60. While the current study highlights its impact on
healthcare costs, it does not fully account for the broader, indirect benefits of a reduced treatment fre-
quency. These indirect benefits are especially relevant as, although Swiss hospitals are known for their
relatively short waiting times61, the country’s ageing population might increase the prevalence of age-
related diseases62. Fewer hospital visits not only reduce demands on physicians’ time but also minimize
the burden on patients and caregivers. Many patients with DMO are still of working age, and hospital
visits often involve the presence of a caregiver. Therefore, each visit can result in productivity losses and
opportunity costs, adding to the economic burden on society. Beyond the economic implications, it is
worth mentioning that optimised regimens could also improve patient experience, and possibly treat-
ment adherence. Therefore, for future studies, it would be interesting to investigate the more indirect
impact of the more durable treatment regimens of anti-VEGFs.

There are several limitations to the study, primarily induced by the limited availability of real-world
data and the reliance on indirect comparisons across randomized clinical trials. While efforts were made
to select trials with comparable regimens and set-ups, differences in study protocols (e.g. loading
phases, re-treatment criteria, and follow-up durations) and study structures may have influenced the
reported injection frequencies, which are the main input for the outcomes of this analysis. Notably, the
model assumes that treatment regimens reported in the trials and specified in the product labels are fol-
lowed exactly as reported in a clinical trial setting. These trials and treatment labels support extended
dosing intervals of up to 16 or 24weeks for aflibercept 8mg and faricimab10,16,17,41. Nevertheless, the
real-world applicability of these newer, more durable treatment regimens remains uncertain, particularly
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given their recent approval and limited long-term usage data. Real-world data often shows different pat-
terns, which might not fully be captured in clinical trial designs. For example, a real-world study in
Switzerland estimated that the number of injections and treatment benefits has increased between the
pre-2012 and post-2013 periods63 – a trend which would not be captured by clinical trials. The OWSA
and break-even analysis show the sensitivity of the results to the injection frequency and can be used
to inform stakeholders of the relative costs of the anti-VEGFs, when injection frequencies in real-world
regimens appear to higher or lower.

Moreover, while trials studying these regimens met their primary non-inferiority endpoints based on
mean BCVA, a proportion of patients experienced disease activity that required shorter dosing intervals.
The analysis uses mean injection frequencies, which incorporate both patients who remained on
extended intervals and those who required more frequent injections to maintain visual outcomes,
accounting for the variance in the trial regimens. However, by excluding BCVA as a modelled outcome,
this approach does not fully capture potential fluctuations in visual acuity caused by under treatment
and their clinical impact. The implications of this limitation are expected to be limited, as the model
uses a short-term time horizon and indirect comparisons showed non-significant differences between
treatments.

Another limitation is that the study utilized TARMED data to estimate the costs related to administra-
tion, diagnosis, and monitoring. However, actual costs in real-life settings may vary, especially when
patients are examined for bilateral involvement. However, at the time of this analysis, no real-world stud-
ies in Switzerland had examined the injection frequencies specific to each anti-VEGF therapy or provided
comprehensive treatment cost data across all related procedures.

Additionally, the study did not include treatment adherence rates and treatment pathways over time,
thus, again, outcomes may not reflect routine clinical practice. Treatment adherence rates may vary
between patient groups, types of anti-VEGF therapies, and treatment regimens, potentially influencing
treatment outcomes63. For example, a study from the United States, performed before the introduction
of aflibercept 8mg and faricimab, reported that extended injection frequencies were linked to increased
treatment discontinuation64. Additionally, European studies have highlighted different patterns: a Dutch
study observed more frequent switching among patients initially treated with off-label bevacizumab,
while a French study noted a stronger preference for flexible treatment regimens by physicians65,66.
These studies suggest that the impact of newer, more durable regimens on adherence and treatment
pathways, and their effect on clinical outcomes, may differ from clinical trial results and depend on the
healthcare context. As the current analysis assumed an equal treatment effect for all anti-VEGFs, treat-
ment adherence and its impact on clinical outcomes could not be included. However, as more data
become available on treatment adherence in the Swiss setting, particularly in relation to newer thera-
pies, it will be important to revisit these assumptions and assess their implications for both clinical and
economic outcomes.

Lastly, since the available data primarily covered a 2-year period, the study did not account for the
potential to extend treatment intervals over a longer duration. Patients are often treated for more than
two years63, and under a flexible regimen, there is the possibility to progressively extend treatment
intervals. By year two, the maximal treatment intervals may not yet have been reached. Incorporating
longer-term data, once available, would provide valuable insights for further analysis.

This is the first study that calculates the healthcare costs of treatment with anti-VEGFs from a Swiss
perspective. By incorporating cost data from hospital databases, it provides insights specific to the Swiss
context, helping relevant stakeholders better understand the costs associated with 1- and 2-year
anti-VEGF treatments. By focusing solely on treatment-related costs and excluding the equivalent treat-
ment effect, the study remains straightforward, and results are easy to interpret in clinical practice.
Moreover, the break-even analysis helps to account for possible changes in the treatment landscape,
such as cheaper biosimilars entering the market.

In conclusion, this study shows that the injection frequency and treatment regimen have a consider-
able impact on the healthcare costs associated with anti-VEGF treatment in nAMD and DMO. Based on
clinical trial outcomes, the more durable regimen of aflibercept 8mg could reduce the injection fre-
quency compared to other anti-VEGFs, which may result in the lowest estimated treatment costs in both
nAMD and DMO from a Swiss healthcare payer’s perspective.
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