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ORIGINAL ARTICLE

Purpose: Antivascular endothelial growth factor (anti-VEGF) medications find extensive utilization in addressing diabetic 
macular edema (DME). In December 2018, the Social Security Institution of Türkiye introduced the requirement of a loading 
dose of bevacizumab and subsequent unresponsiveness criteria for the application of other intravitreal drugs in retinal 
diseases. The aim of this study is to perform a cost analysis of bevacizumab use in the loading dose for DME treatment 
compared to the use of aflibercept and ranibizumab.
Methods: Patients diagnosed with DME between 2019 and 2022, who received three consecutive doses of bevacizumab at 
4–6 week intervals, were included in the study. The prices of anti-VEGF drugs were calculated in US dollars (USD) by taking 
the average of prices for the respective years. The average prices for the bevacizumab vials were 178.28 USD, 153.12 USD, 
149.08 USD, and 138.83 USD for the years 2019, 2020, 2021, and 2022, respectively.
Results: A total of 671 eyes were included in the study. The mean age of the patients was 67.8±10.2 (range 42–86) years. The 
mean best-corrected visual acuity improved from 0.21±0.13 (range 0.05–0.4) before injections to 0.45±0.11 (range 0.2–0.7) 
after three doses. No cases of retinal tear/detachment or endophthalmitis were observed. The total cost of 2013 doses of 
bevacizumab administered intravitreally to 671 eyes was 322.894,50 USD. The cost would be 791,640.96 USD if ranibizumab 
was used and 800,491.53 USD if aflibercept was used.
Conclusion: In the study, it was determined that bevacizumab is more affordable than other anti-VEGF drugs in the treatment 
of DME. Health-care systems may prefer less costly drugs to use their resources more effectively. However, the final decision 
in drug selection should always be made by doctors based on effectiveness for the benefit of the patient.
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Diabetic retinopathy (DR) stands as a microvascular 
complication arising from diabetes mellitus (DM). Within 

DR, the primary contributor to enduring visual impairment 
is diabetic macular edema (DME).[1,2] In the pathogenesis of 
DME, elevated releases of interleukin (IL)-6, IL-8, and vascular 

endothelial growth factor (VEGF) contribute significantly, 
fueling inflammation, angiogenesis, and oxidative stress.[3] 
Anti-VEGF drugs are frequently employed as the primary 
treatment option in patients with DME to improve visual 
acuity (VA) and reduce central macular thickness (CMT).[4-6]
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Bevacizumab, ranibizumab, and aflibercept stand out as the 
prevailing anti-VEGF agents utilized in the treatment of DME. 
Bevacizumab (Altuzan 100 mg/4mL®, Genentech-Roche, 
South San Francisco, CA, USA) is a monoclonal antibody that 
blocks all isoforms of VEGF-A.[7] Ranibizumab (Lucentis 10 
mg/mL®, Genentech-Roche, South San Francisco, CA, USA) 
is a humanized monoclonal antibody fragment that targets 
the VEGF-A Fab fragment.[8] Aflibercept (Eylea 40 mg/mL®, 
Regeneron, Eastview, NY, USA) is a human fusion protein 
that combines elements from the IgG Fc region with VEGF 
receptor ligand-binding components. This fusion enables 
it to interact not only with VEGF-A but also with VEGF-B, 
placental growth factor-1, and -2.[9]

Studies have shown that the efficacy of anti-VEGF drugs 
in DME treatment is approximately comparable to each 
other.[9-12] Bevacizumab, which is 20–40 times cheaper 
per injection compared to ranibizumab and aflibercept, 
is commonly used off-label for DME treatment in the US 
and Europe.[13] Anti-VEGF therapy constitutes a significant 
portion of total health-care expenditures in Europe, leading 
to a considerable burden on health-care systems due to 
inadequate cost management.[13] In December 2018, the 
Social Security Institution (SSI) of Türkiye introduced the 
requirement of bevacizumab loading dose and subsequent 
unresponsiveness criteria for the reimbursement of 
other intravitreal drugs (aflibercept, ranibizumab, or 
dexamethasone implant) in retinal diseases.[14]

The aim of this study is to compare the cost analysis of 
bevacizumab usage in the treatment of DME with the 
usage of aflibercept and ranibizumab.

Materials and Methods 
This retrospective study was conducted at Sakarya 
University Training and Research Hospital between 
February 2019 and December 2022. Ethical approval 
was obtained from the Sakarya University Faculty of 
Medicine Ethics Committee (May 02, 2023/161). Each 
patient provided written informed consent, and the 
study was carried out in compliance with the principles 
outlined in the Helsinki Declaration. Bevacizumab loading 
was administered at a dose of 1.25 mg/0.1 mL in three 
consecutive doses at 4–6-week intervals. Each patient 
was administered a vial of bevacizumab to prevent the 
development of endophthalmitis. After three doses, the 
criteria for inadequate response were defined as a decrease 
in visual acuity (VA) or at least one line (5 l) loss compared 
to baseline and/or CMT not decreasing by 50 microns on 
optical coherence tomography (OCT).[14] In case of an 

inadequate response, treatment could be continued with 
other intravitreal drugs. The choice between aflibercept 
and ranibizumab was made based on the decision of the 
following doctor during the course of treatment.

Patients newly diagnosed with DME who received three 
consecutive doses of bevacizumab at 4–6-week intervals 
were included in the study. All patients diagnosed with DR 
in our retina unit underwent best-corrected visual acuity 
(BCVA) measurement using Snellen chart, intraocular 
pressure measurement with applanation tonometry, 
anterior and posterior segment examination, CMT 
measurement using OCT (Cirrus HD, Carl Zeiss Meditec, 
Dublin, CA, USA), and fundus photography and angiography 
using a fundus fluorescein angiography device (Canon 
Sales Co., Inc., Chiba, Japan). Based on these assessments, 
patients requiring anti-VEGF treatment received intravitreal 
bevacizumab in three doses at 4–6-week intervals under 
surgical conditions. In case of an inadequate response, a 
switch to aflibercept or ranibizumab drugs was made. The 
pro re nata protocol adopted in EURETINA guidelines was 
followed.[15] This protocol involves administering anti-VEGF 
when intraretinal/subretinal fluid is seen in OCT at monthly 
follow-ups after the 3-month loading dose.

The prices of anti-VEGF drugs were calculated by taking 
the average prices for the respective years and converting 
Turkish Lira (TL) calculations to US Dollars (USD) using the 
average exchange rate of the Turkish Central Bank for the 
relevant year. The average prices for bevacizumab 100 mg/4 
mL (Altuzan, Genentech, South San Francisco, CA, USA) and 
vials were 178.28 USD (1012.68 TL), 153.12 USD (1131.71 
TL), 149.08 USD (1325.40 TL), and 138.83 USD (2301.89 
TL) for the years 2019, 2020, 2021, and 2022, respectively. 
The average price of ranibizumab (Lucentis; Genentech, 
South San Francisco, CA, USA) was 458.13 USD (2602.21 
TL), 373.51 USD (2618.34 TL), 342.30 USD (3043.05 TL), and 
318.39 USD (5279.00 TL) for the years 2019, 2020, 2021, and 
2022, respectively. The average price of aflibercept (Eylea, 
Regeneron Pharmaceuticals, Tarrytown, New York, USA 
and Bayer Healthcare Pharmaceuticals, Berlin, Germany) 
was 444.76 USD (2526.28 TL), 403.48 USD (2828.43 TL), 
362.25 USD (3220.48 TL), and 336.94 USD (5586.54 TL) for 
the years 2019, 2020, 2021, and 2022, respectively. The 
decrease in dollar-based drug prices from 2019 to 2022 is 
due to the depreciation of the TL against the USD (average 
USD/TL rates for 2019, 2020, 2021, and 2022 were 5.68, 
7.01, 8.89, and 16.58, respectively). The price comparison 
for dexamethasone implant (Ozurdex; Allergan Inc., 
Irvine, CA, USA) was not provided in our study because 
dexamethasone implant was not included in the study.
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Statistical Analysis
The data underwent analysis using Microsoft Excel 
(Microsoft Corp., Redmond, WA, USA), and numerical values 
were presented in the form of mean±standard deviation.

Results
A total of 398 patients with 671 eyes were included in the 
study, with 321 eyes diagnosed in 2019, 53 eyes in 2020, 
103 eyes in 2021, and 194 eyes in 2022. The average age of 
the patients was 67.8±10.2 (range: 42–86) years. The mean 
BCVA improved from 0.21±0.13 (range: 0.05–0.4) decimal 
before injections to 0.45±0.11 (range 0.2–0.7) decimal after 
three doses. Elevated intraocular pressure controlled with 
medical treatment was observed in 23 eyes (3.4%). No 
cases of retinal tear/detachment or endophthalmitis were 
recorded.

Over 4 years, a total of 2013 doses of bevacizumab were 
intravitreally administered to 671 eyes, resulting in a cost 
of 322.894,5 USD. The cost would be 791,640.96 USD if 
ranibizumab was used and 800,491.53 USD if aflibercept 
was used. The total number of intravitreal bevacizumab 
administrations and the total costs of anti-VEGF agents 
according to the years are presented in Table 1.

Discussion
The increasing elderly population with evolving health-care 
systems has led to rising costs of SSIs. Therefore, SSIs 
must ensure more effective utilization of resources to 
accommodate escalating expenses. The prevalence of DM 
is on the rise, and by 2045, an estimated 783 million people 
are projected to be affected by this disease,[16] resulting 
in an approximate health-care expenditure of 845 billion 
USD.[17] Drug expenditures constitute a significant portion 
of these costs. The use of anti-VEGF drugs in chronic DM, 
coupled with a longer life expectancy, has introduced 
substantial economic burdens. Reports suggest that 
the intravitreal use of anti-VEGF drugs resulted in a 
drug expenditure of 447 million pounds in 2015/2016.
[18] Bevacizumab’s cost is 20–40 times lower than that of 
ranibizumab, and it is estimated that in the Netherlands 

alone, ranibizumab use for DME treatment would lead to 
approximately 10–15 million Euros higher costs compared 
to bevacizumab.[19] Researchers have suggested that 
switching to bevacizumab for all anti-VEGF agents could 
result in savings of around 18 billion USD over a 10-year 
period.[20] Another study indicated that the number of 
patients requiring anti-VEGF treatment and the economic 
burden associated with it has increased over the years, with 
bevacizumab use expected to alleviate this burden.[21]

Bevacizumab is widely used off-label intravitreally in the 
United States and Europe, and it has become a standard 
treatment for DME in the Netherlands since 2009.[19] Studies 
have shown the efficacy and reliability of bevacizumab in 
DME treatment.[11,12,22] Bevacizumab has been reported 
to provide similar improvements in visual acuity and 
significant reductions in CMT as reported for ranibizumab. 
In the protocol T study, after 2 years, bevacizumab, 
aflibercept, and ranibizumab demonstrated similar efficacy 
and number of injections in eyes with visual acuity between 
20/32 and 20/40.[9] However, the cost-effectiveness analysis 
of the protocol T study found that even considering 
different cost-effectiveness models such as longer duration 
of effect, lower adverse event rates, or quality-adjusted gain 
in visual acuity over the years, aflibercept or ranibizumab 
were not cost-effective compared to bevacizumab.[20] 
Administering bevacizumab as a primary treatment for 
DME could significantly reduce costs. In our study, the 
4-year cost of bevacizumab administered in the loading 
dose was found to be approximately 2,5 times cheaper in 
USD compared to ranibizumab and aflibercept.

Ophthalmologists have reported that they pay careful 
attention to legal and ethical considerations when choosing 
anti-VEGF treatments and that they are sometimes forced 
to choose expensive agents due to the lack of legal basis.
[18] The decision of the Turkish SSI and the subsequent 
approval of bevacizumab’s intravitreal use by the Turkish 
Medicines and Medical Devices Agency in 2019 suggest that 
ophthalmologists in Türkiye will have more legal leeway. 
Following these decisions, we anticipate a decrease in the 
cost burden of anti-VEGF treatments on the SSI in Türkiye.

Table 1. Total intravitreal bevacizumab administrations and costs of anti-VEGF drugs according to the years

Year/anti-VEGF drugs 2019 (N/n) 2020 (N/n) 2021 (N/n) 2022 (N/n) Total (N/n)
  321/963 53/159 103/309 194/582 671/2013

Bevacizumab (USD) 171.683,64 24.346,08 46.065,72 80.799,06 322.894,50
Ranibizumab (USD) 441.179,19 59.388,09 105.770,7 185.302,98 791.640,96
Aflibercept (USD) 428.303,88 64.153,32 111.935,3 196.099,08 800.491,53

USD: United States Dollar; N: Number of eyes; n: Number of intravitreal injections administered.
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The limitations of our study include considering only the 
costs of drug treatment, without accounting for other 
expenses such as direct medical costs and application 
costs. Additionally, a comparison was made solely based 
on the prices of anti-VEGF agents; a cost-effectiveness 
evaluation that takes into account not only the drug 
prices but also their effectiveness was not conducted. 
Another limitation is the exclusion of post-loading dose 
anti-VEGF administrations. Conducting further studies 
with a larger number of patients over longer periods, 
including post-loading dose anti-VEGF administrations, 
and conducting a cost-effectiveness evaluation would 
be beneficial in calculating the cost-effectiveness of 
bevacizumab.

Conclusion
Following the decisions of the SSI and the Turkish 
Medicines and Medical Devices Agency, the legal basis for 
bevacizumab’s intravitreal use in Türkiye is established. 
Our study demonstrated that bevacizumab is affordable 
compared to other anti-VEGF agents. Therefore, the 
intravitreal use of bevacizumab in Türkiye is expected to 
reduce the cost burden of anti-VEGF treatments on the 
SSI. However, the final decision in drug selection should 
always be made by doctors based on effectiveness for the 
benefit of the patient.
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