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Purpose: To evaluate the holistic cost of longer acting anti-VEGF therapy for macular degeneration when considering the associated 
costs of travel to the retina clinic.
Design: Theoretical evaluation of cost using publicly available pricing data and reimbursements at the Veterans Affairs (VA) Medical 
Center.
Patients and Methods: Setting: VA Medical Center. Study population: Patients with age related macular degeneration. Main 
outcome measures: Three-year cost of therapy when considering medication as well as travel costs and time spent in transit.
Results: Based on cost data derived purely from wholesale acquisition cost and projected injection frequency over the first three years 
of treatment, faricimab is less expensive than ranibizumab and aflibercept by $37,709 and $6359, respectively. Aflibercept is less 
expensive ranibizumab by $31,350 over the first 3 years of treatment. When considering even small distances traveled by patients, 
these cost differences grow, amplified at even larger distances: at 25 miles, ranibizumab becomes $38,814 and $32,133 more expensive 
than faricimab and aflibercept, respectively. Aflibercept becomes $6681 more expensive than faricimab. At 100 miles, ranibizumab 
becomes $41,502 and $34,038 more expensive than faricimab and aflibercept, respectively. Aflibercept becomes $7464 more 
expensive than faricimab.
Conclusion: Longer acting anti-VEGF therapies may differ not only in their wholesale acquisition cost, but also in the frequency of 
per label injections and associated clinic visits. Taking into account distance and time cost of travel may contribute to a more holistic 
view of cost differences among these therapies.
Keywords: distance cost, travel cost, longer acting therapy, macular degeneration, anti-VEGF injections

Introduction
With the introduction of longer acting therapies for macular degeneration, cost-benefit analysis considerations become 
even more essential in considering their role in clinical practice. Studies comparing intravitreal, anti-VEGF therapy 
ranibizumab (Lucentis, Genentech-Roche, South San Francisco, California, monospecific molecule anti-VEGF), farici-
mab (Vabysmo, Roche, Basil, Switzerland, bispecific molecule anti-ANG2 and anti-VEGF) and aflibercept (Eylea, 
Regeneron, Eastview, New York) monotherapies for treating neovascular, age-related macular degeneration (NVAMD) 
have demonstrated similar visual outcome and adverse event profiles while varying in frequency of injections required to 
maintain these excellent outcomes.1–10,28

Comprehensive societal cost-benefit analyses comparing such intravitreal therapies have demonstrated considerable 
financial return on investment to patients and insurers; all have been considered cost-effective using societal and direct 
ophthalmic medical cost perspectives and average cost-utility ratios with bevacizumab being the most cost-effective.1,28 

Such analyses have included a range of cost perspectives, comparing ophthalmic direct medical costs (eg 2018 average, 
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national, medicare fee schedule), non-ophthalmic costs (eg depression, injury, nursing home costs), direct nonmedical 
costs (eg caregiver costs, activities of daily living, etc), and indirect medical (productivity) costs across bevacizumab, 
ranibizumab, and aflibercept.1,11,12,28 Brown et al found that over an 11 year period, substituting bevacizumab for 
ranibizumab and aflibercept with neovascular AMD therapy in 2018 could have theoretically saved $1.343 billion in 
direct ophthalmic medical expenditures. This analysis emphasizes the importance of considering cost savings for 
emerging therapies,13 however further work is needed to characterize cost savings that may be unique to specific health 
systems, such as transportation costs.

As we consider longer acting therapies, reduction in the number of visits generates additional savings beyond clinic 
visit and material costs classically considered in formal cost-benefit analyses. Due to the fact that intravitreal therapy for 
AMD requires care by a retina specialist, frequently care is not available in more rural communities and patients need to 
travel to access care. The health care system operated by Veterans Affairs (VA) is a unique system, which bears the cost 
of patient travel. Therefore, it is particularly ideal to use as a case study to consider the effect of distance and time cost 
savings of travel that may be achieved with longer acting therapies. In this study, we estimate the effect of transportation 
time and distance on the costs of anti-VEGF therapy for macular degeneration.

Methods
A theoretical cost-saving analysis was performed for the use of faricimab, ranibizumab, and aflibercept over the first 
three-year time period of initial medication usage. Institutional Review Board approval was not required as we used 
publicly available data derived from the VA website14 and pharmaceutical company list prices. The research adhered to 
the Declaration of Helsinki, and no state or federal regulations were violated.

Publicly available wholesale acquisition prices for the medications were extracted. Only FDA approved anti-VEGF 
therapies for AMD at the time of writing were analyzed, including faricimab, ranibizumab, and aflibercept. Frequency of 
injections in the first three years of therapy for each medication was determined by drug label. The time period of the first 
three years was utilized as this represents the time period that the VA health system uses to evaluate new drugs, and 
a longer time period was thought to only further expand differences and minimize the effect of the loading period. 
Ranibizumab 0.5 mg (10 mg/mL) is a monthly injection per label (12 injections per year based on standard prescribing 
and pivotal study data).15,16 The label instructions for aflibercept (40 mg/mL) is for 8 injections for the first year, and 6.5 
injections per year for year 2 and 3.17 The label for faricimab (120 mg/mL) allows for a flexible dosing interval and 
therefore we derived average frequency from pivotal study data: 45% of patients received faricimab injections every 16 
weeks, 33% every 12 weeks, and 22% every 8 weeks, the weighted average interval was considered to be 12.92 weeks 
with 4.02 injections per year and 6.79 injections in the first year.10 The wholesale acquisition prices (ie the public pricing 
before any negotiated discounts not necessarily the actual proprietary costs paid by the payer) included $2190 for 
faricimab 5 mg, $1950 for ranibizumab 0.5 mg, and $1850 for aflibercept.

Transportation costs were derived from publicly available VA data.14,18 VA reimburses qualified patients at 
$0.585 per mile.14,19 An additional consideration, although not reimbursed, is the time spent for travel and clinic 
appointments for both the patient and, if applicable, a caregiver. This cost is an important consideration as patients 
with macular degeneration are often elderly and accompanied by family members or caregivers, potentially doubling the 
time cost of travel. As many as one-third of patients with AMD require caregiving services due to their AMD,20 and over 
20% of patients report that caregivers take time away from work and personal activities to provide transportation to 
appointments, with a substantial time and financial burden.21 In studies investigating the cost of patient and caregiver 
time, self-reported wages may be employed to estimate opportunity cost.22–26 In the absence of self-reported wages, we 
use the federal minimum wage of $15 per hour as a proxy.22 Although professional caregivers may have rates exceeding 
federal minimum wage rates, we use federal minimum wage to conservatively estimate the cost savings to the patient. 
The VA system does provide a formula to calculate the estimated time of travel per given distances, which allowed us to 
estimate this time cost of travel within the VA system.14 For distances less than 30 miles, transportation time (minutes) 
was calculated as 3.42 + 1.70*distance (miles).14 For distances greater than or equal to 30 miles, it was assumed an 
average freeway speed of 60 miles/hour for additional mileage transportation time (minutes) calculated as 3.42 + 1.70 * 
30 + 1*(distance – 30).
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Results
Based on medication labeling and pivotal study data (as listed above), the anticipated pricing per year of each drug per 
patient for the first three years of use are calculated in Table 1, with total cost over the first three years of treatment 
$32,491 for faricimab, $70,200 for ranibizumab 0.5 mg, and $38,850 for aflibercept (Table 1). Faricimab is less 
expensive than ranibizumab and aflibercept by $37,709 and $6,359, respectively.

Using the VA hospital travel cost data, and per label injection visits over the first three years, we can derive additional 
travel costs for each visit per drug as shown in Table 2. The VA system also considers the time cost of travel in their 
calculations (formulas presented in the methods) up to 30 miles. If we consider a $15 minimum wage (the federal 
minimum wage as of 2022),27 then the time-cost of visits (opportunity cost of patient or caregiver) may be described as 
in Table 3.

When considering time cost of travel and the distance cost of travel, even for a distance of 25 miles, the price 
differentials for the first three years of treatment grow (Table 4). Whereas, the total cost of ranibizumab for the first three- 
year period of treatment was $37,709 more expensive than that of faricimab, at a distance of 25 miles away from care, it 
becomes $38,814 more expensive. Similarly, whereas the cost of ranibizumab for the first three-year period of treatment 

Table 1 Cost of Anti-VEGF Therapies for the First Three Years of Therapy 
Based on Wholesale Acquisition Cost and Frequency of per Label Injections

Pricing Year 1 Year 2 Year 3 Total

Ranibizumab 0.5 mg ($) 23,400 23,400 23,400 70,200

Aflibercept ($) 14,800 12,025 12,025 38,850

Faricimab ($)* 14,862 8,814 8,814 32,491

Notes: *Faricimab cost was based on pivotal study data with an average first year injection frequency 
of 6.79, average second year injection frequency of 4.02 and average third year injection frequency of 
4.02. Therefore total faricimab injections over the first three years of treatment were assumed to be 
14.8 on average.

Table 2 Travel Cost Calculation Based on Distance Traveled to Receive Care During the First Three Years of Treatment

Distance From Hospital (Miles) 25 50 100 200

Cost for Round Trip Visit ($0.585/mile) ($) 29.3 58.5 117.0 234.0

Ranibizumab Total Visit Transportation Cost (assume 36 injection visits during first 3 years) ($) 1,053.0 2,106.0 4,212.0 8,424.0

Aflibercept Total Visit Transportation Cost (assume 21 injection visits during first 3 years) ($) 614.3 1,228.5 2,457.0 4,914.0

Faricimab Total Visit Transportation Cost (assume 14.8 injection visits during first 3 years) ($) 434.0 867.9 1,735.8 3,471.6

Table 3 Time Cost of Travel Calculation Based on Distance Traveled to Receive Care During the First Three Years of Treatment

Distance From Hospital (Miles) 25 50 100 200

Round Trip Time (minutes) 91.8 148.8 248.8 448.8
For < 30 miles: 3.42 + 1.70* distance

For > 30 miles: 3.42 + 1.70* 30 + 1*(distance – 30)

Time cost (assuming minimum wage of 15$/hour) ($) 23.0 37.2 62.2 112.2

Ranibizumab Total Visit Time Cost of Transportation (assume 36 injection visits during first 3 years) ($) 826.6 1,339.6 2,239.6 4,039.6

Aflibercept Total Visit Time Cost of Transportation (assume 21 injection visits during first 3 years) ($) 482.2 781.4 1,306.4 2,356.4

Faricimab Total Visit Transportation Cost (assume 14.8 injection visits during first 3 years) ($) 340.6 552.0 922.9 1,664.7
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was $31,350 more than that of aflibercept, at a distance of 25 miles away from care, it becomes $32,133 more expensive. 
Finally, while the cost of aflibercept for the first three-year period of treatment was only $6,359 more expensive than that 
of faricimab, at a distance of 25 miles away from care, it becomes $6,681 more expensive (Table 4). When considering 
larger distances, these cost differences grow further: at 100 miles, ranibizumab becomes $41,502.2 more expensive than 
faricimab and $34,038.2 more expensive than aflibercept, and aflibercept becomes $7,464 more expensive than faricimab 
over the first three years of treatment (Table 4).

Discussion
In this brief report, we estimate the effect of the time and distance cost of travel on the holistic cost of anti-VEGF 
therapy. In particular, we utilize the Veterans Affairs hospital system to calculate the distance and time cost of travel to 
exemplify the effect it may have on cost-benefit analysis calculations for anti-VEGF therapies. We demonstrate that when 
taking into account distance and time cost of travel, longer duration therapies for macular degeneration may have even 
greater cost benefits than previously thought due to a reduction in frequency of injections and clinic visits. Over the first 
three years of treatment, faricimab is less expensive than aflibercept, both of which are considerably less expensive than 
ranibizumab. When considering the distance and time costs of travel, these differences become amplified, with newer 
medications such as faricimab and aflibercept becoming substantially more cost effective due to the reduction in visit and 
injection frequency requirements.

Based on these data the relationship between injection frequency, distance from clinic and incremental cost of the 
drug with equivalent holistic value can be generalized to the below equations with D being the patient distance from 
clinic and ΔI being the difference in injection frequency.

For each fewer injection per year, the increased value ($), segmented by patient distance from clinic, is equivalent to:

● <30 miles away from clinic: increased value $ð Þ¼ 1:17 � D� ΔI½ �þ27:21� ΔI½ �
● >30 miles away from clinic: increased value $ð Þ¼ 1:67 � D� ΔI½ �þ12:21� ΔI½ �

Studies that have demonstrated an overall financial benefit to use intravitreal bevacizumab, ranibizumab, and aflibercept 
monotherapies when compared to no treatment, however, did not focus on comparing across therapies, taking into 
account the differences in injection frequency on distance and time costs.28

While cost comparisons across faricimab, aflibercept, and ranibizumab are limited, this data is in line with past 
studies that have suggested the net societal gain of aflibercept is greater than that of ranibizumab.1 Similarly, individual 
treatment costs for bevacizumab, ranibizumab, and aflibercept have demonstrated the greatest medical savings for 

Table 4 Total Cost Data and Cost Effectiveness Data Including Drug, Distance and Time Cost Data*

Distance From Hospital (Miles) 25 50 100 200

Total Cost Data (including drug, 
distance, and time cost)

Ranibizumab Total Visit Transportation Cost 
(assume 36 injection visits during first 3 years) ($)

72,079.6 73,645.6 76,651.6 82,663.6

Aflibercept Total Visit Transportation Cost 
(assume 21 injection visits during first 3 years) ($)

39,946.4 40,859.9 42,613.4 46,120.4

Faricimab Total Visit Transportation Cost (assume 
14.8 injection visits during first 3 years) ($)

33,265.2 33,910.6 35,149.4 37,627.0

Cost Effectiveness Comparison 
(including drug, distance, and time 
cost)

Ranibizumab versus Faricimab ($) 38,814.3 39,735.0 41,502.2 45,036.6

Aflibercept versus Faricimab ($) 6,681.2 6,949.3 7,464.0 8,493.4

Ranibizumab versus Aflibercept ($) 32,133.2 32,785.7 34,038.2 36,543.2

Notes: *Positive values mean the second comparator is more cost effective, for example, for 25 mile distance taking into account time and distance cost of travel faricimab 
is 64,143 dollars more cost effect for the first 3 years of treatment.
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bevacizumab, followed by aflibercept, and ranibizumab.29 However, few studies have included faricimab in cost 
comparisons or accounted for the effects of travel costs.

Distance considerations are particularly important, especially in the VA system which accounts for cost distance of 
travel in reimbursement calculations. While data is limited on VEGF therapy, a recent study found most veterans receive 
ophthalmic care between 20–30 miles from their home.30 Furthermore, many veterans are rural, with significant travel 
times affecting access to care, with a significant impact on prevalence of vision loss.31 By our basic calculations, at these 
average range of distances from care,30 the cost-effectiveness of anti-VEGF therapies magnifies simple price calcula-
tions. At a distance of 20–30 miles, faricimab, may save around $38,814 and $6,681 over the first three-year period of 
treatment when compared to ranibizumab and aflibercept, respectively. Similarly, ranibizumab increases to $32,133 more 
than aflibercept over the first three year treatment period after taking into account distance and time cost of travel for the 
relatively short distance of 20–30 miles. When considering greater distances of 50–100 miles for veterans living in more 
rural locations, the cost differences grow. These calculations demonstrate the importance of considering the distance and 
time cost of a reduction in visits required for anti-VEGF therapy for macular degeneration. In addition, these likely 
underestimate the time cost of individuals as patients often present to clinic accompanied by family members or 
caregivers. Multiple studies have demonstrated the importance of considering caregiver time, and the opportunity cost 
as well as valuation of lost productivity in caregivers.22,23,25,32–34 Therefore, in many cases actual time cost may be 
significantly greater than the projections presented here, further increasing the differences in cost between the newer 
therapies with fewer visits and the older therapies (eg ranibizumab). While the addition of time and distance costs might 
seem small compared to the total cost of therapies per year, it is important to note that these are costs borne by the patient 
and caregiver, making even relatively small savings essential to consider.

We acknowledge several limitations. The first and main limitation is that this study involves estimations based on 
nominal costs and listed assumptions but does not utilize cost and claims data. These calculations do not incorporate 
a comprehensive cost benefit analysis as has been done before.1 Instead, we aim to demonstrate the importance of 
incorporating time and distance costs of travel by using a simple model. We hope that by demonstrating this effect, we 
can drive future research to incorporate more comprehensive travel cost calculations in big data cost-effectiveness 
analyses. Second, this analysis was based on the assumption of time and distance cost data from a veterans affairs 
hospital in California.14 While this served as a helpful base for calculations, given the unique sponsorship of travel costs 
by the VA system, the specific time and distance cost calculations may not apply across all health systems and all states. 
Third, we use minimum wage as a blunt instrument to measure time value, however it is an imperfect way to measure the 
value of patient, family member, and caregiver time in the absence of self-reported wages for each patient and 
caregiver.22,23,25,32–35 In addition, as mentioned above, we present the time cost of travel in the results based on only 
the patient traveling to clinic visits, however, in reality, they would likely be accompanied by a family member or 
caregiver, significantly increasing the time cost of each clinic visit. There are many additional associated costs with clinic 
visits and injections frequency not considered in this analysis that would further amplify the cost benefit to the longer 
acting therapies. Furthermore, pharmaceutical companies offer numerous incentives and rebates to health systems and 
doctors, lowering the net cost of their drugs – these are not accounted for here and could well affect the ultimate analysis. 
In addition, this paper represents an objective estimation of travel costs according to travel reimbursement standards, 
however, these standards may become obsolete when fuel prices become prohibitive as occurring in instances of world 
instability. Finally, this study utilizes approved anti-VEGF therapies and therapeutic regimens for AMD, with the goal of 
focusing on the FDA on label regimens to allow for a direct like-for-like comparison. Future studies are needed to 
explore the effect of time and distance cost on different treatment arms that have been described as alternative regimens 
in the literature, such as in the EXCITE trial.36

Overall, we demonstrate that the distance and time cost of travel may have considerable effects on the holistic cost of 
therapies which differ not only in their wholesale acquisition cost, but also in the frequency of injections. More specifically, 
we found that when considering time and distance costs of travel, faricimab is less expensive than ranibizumab and 
aflibercept by $ 37,709 and $6,359, respectively over the first three years of therapy. We hope this work drives further 
considerations surrounding incorporating travel costs into cost-benefit analyses for longer acting therapies.
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