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Abstract 

Background:  To assess the cost-effectiveness of the delayed-release device of dexamethasone compared with 
aflibercept in the treatment of patients with naïve diabetic macular edema (DME) from a societal perspective in the 
healthcare sector Zaragoza III in Spain.

Methods:  A Markov model with five states defined by visual acuity (VA) in the better-seeing eye (Snellen scale) and 
an additional death state were constructed. Two cohorts of patients were distributed along the VA states and treated 
during a year with either dexamethasone or aflibercept. One-year follow-up on each group was performed. Medical 
costs related to the DME treatment and follow-up, medical costs related to the DME comorbidities, and non-medical-
related costs were taken into account. Costs (2020 €), health outcomes (Quality-Adjusted Life Years-QALYs), both dis-
counted at a 3.5% annual rate, and incremental cost-effectiveness ratios (ICER: €/QALY) were determined for a lifetime 
horizon in the base case analysis.

Results:  Patients treated with dexamethasone were €77,349 more costly and provided 2.667 additional QALYs 
(€29,002/QALY) than those treated with aflibercept. The variable efficiency per patient was calculated dividing the 
improvement in quality of life (on the VFQ-25 scale) by the cost of the treatment. With the obtained results it can be 
concluded that the efficiency of treating the patients with dexamethasone is significantly superior than the efficiency 
of treating them with aflibercept.

Conclusions:  The cost per QALY gained with the delayed-release device of dexamethasone compared with the one 
obtained by aflibercept in the naïve DME population is just below the €30,000 threshold, below which, new drugs 
are sometimes regarded as cost-effective strategies in Spain. In this model, the key variables with greater impact on 
the cost-effectiveness results were the selected time horizon, the chosen extrapolation method and the number of 
aflibercept and dexamethasone injections.
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Background
According to the World Health Organization, diabetes is 
currently the leading cause of blindness in the working 
population in developed countries; and in Spain, it affects 
6–18% of its population [1]. The main reason for loss of 
vision in naïve diabetic patients is due to the macular 
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edema, present in approximately 5.5% of them [1]. The 
Wisconsin Epidemiologic Study of Diabetic Retinopa-
thy found that 20% of patients with type 1 diabetes and 
25% of those with type 2 diabetes will develop DME after 
10 years of follow-up [2].

This study utilized existing guidelines to examine cost-
effectiveness of the two accepted and most widely used 
interventions for DME treatment [1, 3].

The high cost of newer therapies against DME has 
brought the attention of ophthalmologists to the field of 
pharmacoeconomics.

Since June 2018, the protocol of the Aragon Drug 
Evaluation Commission (CEMA) has been applied for 
the treatment of DME in Aragon [4]. In this protocol, 
aflibercept (Eylea®), as an antiangiogenic drug, and the 
delayed-release device of dexamethasone (Ozurdex®), as 
a corticosteroid, are considered the first-line treatment 
for this pathology.

Few cost-effectiveness studies have been carried out 
in relation to DME treatment, with; almost all of them 
outside Spain and none in Aragon. We consider that, 
given the importance of the pathology being studied, the 
high cost generated by its treatment and the disability it 
causes, it would be very useful to carry out a cost-effec-
tiveness study.

In the present study we sought to examine the cost-
effectiveness of dexamethasone compared to aflibercept 
in the naïve DME population [3] to determine which is 
more cost-effective.

Methods
Study design
A Markov model with five states was constructed 
and defined by the visual acuity (VA) in the bet-
ter-seeing eye: better than 20/40 in the Snellen 
scale, ≤ 20/40 to > 20/80, ≤ 20/80 to > 20/200, ≤ 20/ 200 
to > 20/400, ≤ 20/400, and an additional death state. We 
present the model scheme with its transitions in Fig.  1. 
Markov models are usually used in the field of decision 
analysis to model the progression of chronic diseases. By 
attaching estimates of resource use and health outcomes 
to the states in the model, it is possible to estimate the 
long-term costs and outcomes associated with different 
healthcare interventions [5]. In the context of economic 
evaluations, models provide the appropriate framework 
to synthesize all available evidence, compare all relevant 
treatment options, and systematically study the impact of 
different scenarios and assumptions through sensitivity 
analysis [6].

The study was carried out in the field of healthcare 
activity and routine practice at the Ophthalmology Ser-
vice of Hospital Clínico Universitario "Lozano Blesa" 
in Zaragoza. All naïve diabetic patients from Zaragoza 

III health sector were recruited to participate in the 
study and they were followed-up for a year. The cohort 
of patients was distributed along the five VA states at 
the time of initiation of treatment, according to data 
from a Spanish study [7] and randomized to the afliber-
cept 40 mg/ml solution for injection treatment group or 
the dexamethasone delayed-release device 700  μg in an 
applicator (Ozurdex®) treatment group. The main cohort 
included 134 patients with type 2 diabetes and clinically 
significant DME. 77 (57%) were male and 57 (43%) female 
and the mean age was 68.1  years old. All patients had 
prior cataract surgery and had not previously received 
DME treatment. These features were similar to those of 
the basal populations of the main DME clinical trials.

The transition probabilities for dexamethasone were 
obtained from efficacy results of the Schwartz et al. trial 
[8] and transition probabilities between VA states for 
patients treated with aflibercept were obtained from the 
Vivid-east study [9]. The transition probabilities to the 
“death” state were taken from Spanish life tables [10]. A 
3-month cycle length was selected. One-year probabili-
ties obtained from clinical trials were transformed into 
3-month probabilities with the formula p = 1–e−rt [11]. 
The model was constructed and solved with the TreeAge 

Fig. 1  Markov model with the five sates defined by visual acuity in 
the better-seeing eye, and an additional death state. Arrows indicate 
allowed transitions
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Pro Suite 2008 software package (TreeAge Software, Wil-
liamstown, MA, USA).

Perspective and costs
This study was conducted, from the societal perspective, 
in a Spanish setting. Costs are presented in 2020 €. The 
following costs were taken into account: direct medical 
costs related to the DME treatment and follow-up (i.e. 
drugs, physicians’ honoraries, diagnostic procedures, 
adverse reactions, vision rehabilitation related costs and 
vision-enhancing equipment related costs), direct medi-
cal costs related to the DME comorbidities (i.e. fall/acci-
dents, depression/anxiety and other conditions requiring 
medical treatment) and non-medical-related costs (i.e. 
assistance from paid professionals for daily activities and 
social benefits received for visual disabilities).

Medical costs related to the DME comorbidities and 
non-medical-related costs were obtained from a multi-
country, cross-sectional, observational study in which 
information was gathered directly from patients with 
bilateral DME and compared to control subjects [12].

With regard to medical costs related to the DME treat-
ment, costs for physician consultations and diagnostic 
procedures were obtained from the previous study [12]. 
Resource use was determined by a retina specialist. To 
calculate the drug costs, aflibercept and dexametha-
sone vial prices were taken from the Spanish Council 
of Pharmacists database, and then multiplied according 
to the number of injections performed in the one-year 
follow-up. Costs derived from adverse reactions were 

calculated by multiplying endophthalmitis, lens damage 
and retinal detachment trial rates by the cost of the diag-
nosis-related group in Spain [13]. We also included mean 
annual per-patient vision rehabilitation related costs and 
vision-enhancing related costs which accounted for €69 
and €211 respectively [13]. Table  1 depicts previously 
described.

Total mean annual costs per patient were estimated to 
be €771 and €1577 respectively. These costs were com-
pared across VA levels in the better-seeing eye, and the 
observed differences did not reach statistical significance 
[12], thus we used the same figure in the model for each 
VA state.

Indirect costs (i.e. costs related to productivity loss) 
were not included in the base-case analysis. However, it 
is unlikely that many people of this age are employed. The 
impact of including indirect costs derived from produc-
tivity loss by family members is explored in the sensitivity 
analysis.

Health care costs were inflated to Euro 2020 with spe-
cific Spanish health care price indices. Non-medical costs 
were inflated with general consumer price indices [14].

Time horizon
Patients made five clinical visits in both study arms. A 
loading dose of three consecutive monthly injections 
was applied in the aflibercept treatment group, follow-
ing a PRN treatment guideline. In the delayed-release 
device for dexamethasone treatment group one injec-
tion was scheduled and then also followed the PRN 

Table 1  Direct medical costs related to DME treatment and follow-up (€) for dexamethasone and aflibercept

a Unit costs were obtained from an observational study [10] and inflated to 2020 € with Spanish health care indices. Unit costs for drug vials were obtained from the 
Spanish Council of Pharmacists Database. Aflibercept and Dexamethasone are 100% reimbursed by the Spanish National Health System. SDs (standard deviation) 
were selected to produce variation coefficients of 20%
b The number of follow on consultations and diagnostic procedures per patient/year were determined by a retina ophthalmologist. In parenthesis, the range of values 
tested in the probabilistic sensitivity analysis is provided. The number of drug injections and adverse reactions per patient/year were obtained from the VISION and 
VISTA trials
c The number of per-year aflibercept and dexamethasone injections were tested in the sensitivity analysis
d Unit costs for the diagnosis-related group in Spain were obtained from the Spanish Health Ministry

Unit cost meana (SD) Euros Annual resource useb

Aflibercept Dexamethasone

Retina specialist consultation 112 (24) 12 (6–18) 8 (4–12)

Fundus photography 20 (4) 12 (6–18) 8 (4–12)

Optical coherence tomography 149 (30) 6 (3–9) 4 (2–8)

Fluorescein angiography 42 (8) 2 (1–3) 2 (1–3)

Dexamethasone vial 750.92 (208) – 3.1c

Aflibercept vial 588.8 (139) 9.8c –

Adverse reactionsd

Endophthalmitis 3156 (631) 0.006 0.0128

Lens damage 1600 (320) 0.004 0.006

Retinal detachment 3702 (740) 0.004 0.007
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treatment guideline. Then a life-expectancy time hori-
zon was selected in the base-case analysis because the 
effect of treating with both drugs was not restricted to 
a limited number of months in clinical practice. Several 
approaches for extrapolating clinical trial data over the 
entire lifetime horizon were explored. Survival prob-
abilities according to the patient’s age were obtained from 
Spanish life tables [10].

Utilities
Medical interventions can improve either survival or 
quality of life, or both. Ophthalmologic treatments 
directed towards DME can improve quality of life by 
means of improving VA. Cost-utility analyses are eco-
nomic evaluations in which quality of life is taken into 
account. The Quality Adjusted Life Year (QALY) is usu-
ally the health outcome measure used in cost-utility anal-
yses. QALYs are calculated by multiplying years spent in 
a certain health state by a factor—utility—that quantifies 
preference for that health state. By convention, utilities 
vary from 1.0 (perfect health) to 0.0 (death). Several tech-
niques for obtaining individuals’ preferences for health 
outcomes are available. The measurement task can be 
bypassed using a pre-scored multi-attribute health-sta-
tus classification system. Among the general health sys-
tems, the most widely used is the Health Utilities Index 
(HUI) or the Visual Function Questionnaire (VFQ-25). 
Detailed explanations of these methods are available 
elsewhere [15]. However, it is important to remark that 
the choice of one method over another has an impact on 
the health utilities obtained. Thus, in economic evalua-
tions it is important to mention the chosen instrument, 
and perform sensitivity analysis when different data are 
available. In this study, published utilities obtained from 
a cohort of DME patients with the time trade-off meth-
odology were used (Table 2) [16]. Utilities correlated with 
VA in the better-seeing eye [16, 17]. Participant VA levels 
at each visit were converted to QALYs using data from 
Brown et al. [16], who linked VA in a patient’s better-see-
ing eye with health-related quality of life. The VAs were 
obtained from the trial, converted to Snellen acuities, 
and assigned a utility based on conversion tables [16]. 

Quality-of-life levels at monthly visits during the first 
year were summed, providing an aggregate QALY value 
for the entire year for each participant.

Discount
In order to obtain the net present value of future costs 
and health outcomes accruing over the entire time hori-
zon, a discounting rate of 3.5% was applied to both, as it 
was recommended by the National Institute for Clinical 
Excellence guidelines [18].

Sensitivity analysis
The following parameters were included in the probabil-
istic sensitivity analysis: costs, transition probabilities, 
VA state utilities assigned by patients and resource use 
(i.e. number of fundus photography, optical coherence 
tomography, fluorescein angiography, and ophthalmolo-
gist consultations). Probability distributions were chosen 
for each parameter according to the published recom-
mendations [19]. For transition probabilities (Table  3) 
and patients’ utilities (Table 2) which range from 0 to 1, 
a beta distribution was selected. The parameters α and β 
in the beta distributions were approximated using mean 
and SD values obtained from published utilities [16]. A 
gamma distribution, which is positively skewed, was 
selected for costs. In order to account for variability in 
costs, SDs were selected that produced variation coeffi-
cients of 20% for unit costs of diagnostic procedures and 
consultations (Table  1), as well as costs related to DME 
comorbidities and non-medical costs [12]. A uniform dis-
tribution was selected for resource use (Table 1).

As it was aforementioned, several approaches were 
explored for extrapolation beyond the one-year follow-
up duration of the study. Under the ‘continuous treat-
ment effect’ approach selected for the reference case, 
both treatments are performed, each with efficacy last-
ing over the whole time horizon [11]. In addition to the 
‘continuous treatment effect’ approach, we tested both a 
‘one-time benefit’ approach and a ‘rebound’ or ‘catch-up’ 
approach [11]. Under the ‘one-time benefit’ approach, 
both treatments stop after one year. From then on, 
patients’ quality of life declines at the same rate for both 
drugs. Additional QALYs are therefore gained by project-
ing the area under the curve over a longer period.

On the other hand, we also explored costs and health 
outcomes in the shorter one-year time horizon. This 
short-time horizon represents a worst-case scenario for 
dexamethasone because clinical benefit is assumed to last 
for 6 months only.

A sensitivity analysis using the number of administra-
tions from our study was carried out (three fixed monthly 
doses scheduled for aflibercept and two injections for 
dexamethasone). After three consecutive monthly 

Table 2  Utilities for each visual acuity state

Utilities according to visual acuity in the better-seeing eye obtained in a cohort 
of patients with DME [16]

Visual acuity Time trade-off Standard gamble

> 20/40 0.85 (0.75–0.95) 0.90 (0.83–0.97)

≤ 20/40 to > 20/80 0.78 (0.72–0.84) 0.92 (0.88–0.96)

≤ 20/80 to > 20/200 0.78 (0.67–0.89) 0.84 (0.72–0.96)

≤ 20/200 to > 20/400 0.64 (0.53–0.75) 0.71 (0.58–0.84)

≤ 20/400 0.59 (0.23–0.95) 0.70 (0.29–1.11)
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intravitreal injections, further retreatment was per-
formed on an “as needed” basis.

Model validation
Thorough internal testing of the model was performed, 
and the expected outcomes were obtained when differ-
ent input values were used. The model could not be cali-
brated against external data, due to the absence of data 
over the time frame being modelled.

Therefore, different assumptions in the sensitivity anal-
yses were explored in order to model long-term effective-
ness data.

Outcomes
Costs (Euro 2020), health outcomes (QALYs) for both 
aflibercept and dexamethasone, and incremental cost-
effectiveness ratios (ICER; €/QALY) were obtained for 
the base-case analysis and for those alternative scenarios 
considered in the sensitivity analyses.

Results
In the base-case analysis (Table 4), treating patients with 
naïve DME with dexamethasone instead of aflibercept 
is €77,349 more expensive, and provides 2.667 more 
QALYs in the lifetime horizon, thus providing an ICER of 
€29,002/QALY.

According to the probabilistic sensitivity analysis, 
dexamethasone was the therapy of choice in 54% of 
cases below the threshold of €30,000/QALY in the life-
time horizon (Fig. 2).

Alternative sensitivity analyses results are depicted in 
Table 5.

Table 3  Three-month transition probabilities between visual acuity states for dexamethasone and aflibercept

Visual acuity  > 20/40  ≤ 20/40 to > 20/80  ≤ 20/80 to > 20/200  ≤ 20/200 to > 20/400  ≤ 20/400

Dexamethasone

 > 20/40 0.9863 0.0107 0.0030 0 0

 ≤ 20/40 to > 20/80 0.0979 0.8884 0.0107 0.0030 0

 ≤ 20/80 to > 20/200 0 0.0979 0.8884 0.0107 0.0030

 ≤ 20/200 to > 20/400 0 0 0.0979 0.8884 0.0137

 ≤ 20/400 0 0 0 0.0979 0.9021

Aflibercept

 > 20/40 0.9199 0.0542 0.0259 0 0

 ≤ 20/40 to > 20/80 0.0153 0.9046 0.0542 0.0259 0

 ≤ 20/80 to > 20/200 0 0.0153 0.9046 0.0542 0.0259

 ≤ 20/200 to > 20/400 0 0 0.0153 0.9046 0.0801

 ≤ 20/400 0 0 0 0.0153 0.9847

Table 4  Results for the reference case

ICER: incremental cost-effectiveness ratio. QALY: quality-adjusted life year. Costs are presented in 2020 Euro

Cost (€) Incremental cost (€) Efficacy (QALYs) Incremental efficacy 
(QALYs)

ICER (€/QALY)

Aflibercept 92,340 – 4.134 – –

Dexamethasone 169,689 77,349 6.80 2.667 29.002

Aflibercept     Dexamethasone

Fig. 2  Aflibercept (red). Dexamethasone (blue). Acceptability curve 
obtained with probabilistic sensitivity analysis in the lifetime horizon. 
Below the 30.000 €/QALY, dexamethasone is the therapy of choice in 
54% of cases
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We performed a MonteCarlo simulation (Fig.  3) to 
study the degree of uncertainty of our ICER variable, as 
well as an independent simulation to assess the uncer-
tainty of the cost-effectiveness result for each of the two 
drugs studied (Figs. 4 and 5).

MonteCarlo simulation or MonteCarlo method pre-
dicts a set of results based on an estimated range of val-
ues against a set of fixed input values. In other words, a 
MonteCarlo simulation creates a model of possible out-
comes by taking advantage of a probability distribution, 
such as a uniform or normal distribution, for any variable 
that has inherent uncertainty.

Since the ICER is the ratio between the incremental 
cost and the incremental QALY, these are our two vari-
ables to consider.

In our study we consider the results obtained in 134 
patients. Given that DM-2 has a prevalence of approxi-
mately 12% in our environment, of which 5.5% develop 
DME and that the Zaragoza III Health Sector has a popu-
lation of 267.525 inhabitants, we decided to apply the 
MonteCarlo method to generate 10,000 random rep-
etitions of incremental cost and incremental QALY data 
pairs with their corresponding standard deviation.

As shown in Fig. 3, the results we obtained show that 
most of the points are in quadrants I and III, which means 
that in 35% of cases dexamethasone is more expensive 
and provides more QALYs than aflibercept and in 31% 
of cases, dexamethasone is less expensive and provides 
less QALYs than aflibercept respectively. In quadrant II 
it is showed that in 8% of cases dexamethasone is more 
expensive and provides less QALYs than aflibercept and 
in quadrant IV are located the 26% of cases, which means 
that dexamethasone is less expensive but provides more 
QALYs.

Figures  4 and 5 show that the higher the cost, the 
higher the quality of life obtained, with the Person coef-
ficient being higher in the case of dexamethasone. This 
means that for a fixed cost X, a quality of life or QALY 
with a lower margin of error can be expected; it can be 
made a more reliable prediction than with aflibercept.

We also provided a tornado plot (Fig.  6) to allow the 
reader to intuitively assess those factors with greater 
impact in the incremental cost-effectiveness ratio.

Discussion
In the current environment, this analysis provides the 
first evidence on the cost-effectiveness of treatment for 
DME that causes visual impairment in our region.

The dilemma of whether to adopt a new drug has a 
simple answer if it produces more health gain than the 
competing alternatives at a lower cost. However, if the 
new drug is more effective but more expensive than the 
competing alternatives, clinicians and decision mak-
ers have to study whether the new drug provides “good 
value for money”. Although these thresholds have been 
criticized [19], published economic evaluations gener-
ally use them to tag a new drug as “cost-effective” or “not 
cost-effective” [20]. These thresholds implicitly represent 
the health gain forgone when one drug is discarded in 
favor of the competing intervention, in other words, the 
opportunity cost of choosing a drug over another. Our 
study confirms the efficacy and safety of both alternatives 
for the treatment of DME in Spanish patients. The results 
confirm that the benefits of aflibercept 40 mg/ml solution 
for injection (Eylea®) and dexamethasone delayed-release 
device 700 μg in an applicator (Ozurdex®) are similar in 
Spanish patients in the Zaragoza III health sector com-
pared to the general populations of the previously carried 
out phase 3 VIVID and VISTA studies [9]. Our analyses 
show that the cost per QALY gained with dexamethasone 
in a lifetime horizon is €29,002, just below the €30,000/ 
QALY threshold recommended [21] in Spain.

This outcome, however, is sensitive to alternative 
scenarios explored in the sensitivity analyses. Sensitiv-
ity analyses are used to explore the impact of alterna-
tive scenarios and uncertainty in model parameters on 

Table 5  Results of the sensitivity analysis

Parameter/variable ICER

Reference case 29,002

No extrapolation (2-year time horizon) 119,953

Extrapolation beyond 2 years

 One-time benefit approach 32,795

 Beyond approach 52,031

Injections taken from the PrONTO trial 4623

 2-year time horizon 20,472

 Efficacy for aflibercept from naive patients 14,302

Starting age

 58 years old 24,553

 90 years old 51,798

Starting VA stage

 > 20/40 33,653

 ≤ 20/40 to > 20/80 27,855

 ≤ 20/80 to > 20/200 26,268

 ≤ 20/200 to > 20/400 29,874

 ≤ 20/400 36,372

Method for utility elicitation 36,186

Discounting rate

 0% 26,990

 5% 30,247

One-year cycle length 30,642

Including indirect cost derived from family members time to 
assist patients

26,900

Efficacy for dexamethasone from naive patients 85,300
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Fig. 3  ICER scatterplot generated by MonteCarlo simulation. The ICER is €29,002/QALY. The model has been run 10,000 times. In 35% of cases 
dexamethasone is more expensive and provides more QALYs than aflibercept and in 31% of cases, dexamethasone is less expensive and provides 
less QALYs than aflibercept. In quadrant II it is showed that in 8% of cases dexamethasone is more expensive and provides less QALYs than 
aflibercept and in quadrant IV 26% of cases resulted, which means that dexamethasone is less expensive but provides more QALYs

Fig. 4  Cost-effectiveness scatterplot for aflibercept generated by MonteCarlo simulation. In quadrant I 46% of cases resulted, which means that 
the greater the cost, the greater the quality of life obtained. In quadrant II it is showed that in 11% of cases, the higher the cost, the fewer QALYs are 
obtained. In quadrant III 37% of cases resulted, which means that the fewer the cost, the fewer the quality of life obtained and 6% of cases resulted 
in quadrant IV, which means that the fewer the cost, the greater QALYs are obtained
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the cost-effectiveness results. We handled parameter 
uncertainty by probabilistic sensitivity analysis [19]. 
According to this analysis, dexamethasone was the 
therapy of choice in 54% of cases below the threshold of 
€30,000/QALY in the lifetime horizon (Fig. 2). In addi-
tion to probabilistic sensitivity analysis, we performed 
several univariant and bivariant sensitivity analyses rel-
evant to the clinician. According to these analyses, the 
factor with greatest impact on the cost-effectiveness 

results is the chosen time horizon (Fig. 6). We obtained 
an ICER of €107,159/QALY in a one-year time horizon, 
which is the duration of our study. Duration of dexa-
methasone therapy is not restricted to one year. Thus, 
costs and outcomes over a lifetime horizon were ana-
lyzed. Several approaches for extrapolating data from 
clinical trials over the lifetime horizon were explored. 
In the reference case the ‘continuous treatment effect’ 
approach was tested, under which both treatments 

Fig. 5  Cost-effectiveness scatterplot for dexamethasone generated by MonteCarlo simulation. In quadrant I 47% of cases resulted, which means 
that the greater the cost, the greater the quality of life obtained. In quadrant II it is showed that in 8% of cases, the higher the cost, the fewer QALYs 
are obtained. In quadrant III 36% of cases resulted, which means that the fewer the cost, the fewer the quality of life obtained and 9% of cases 
resulted in quadrant IV, which means that the fewer the cost, the greater QALYs are obtained

Fig. 6  Tornado plot. The time horizon and the chosen extrapolation method, the source for dexamethasone efficacy, and the number of aflibercept 
injections are the key model drivers, with greater impact on the cost-effectiveness results



Page 9 of 10Montes Rodríguez et al. Cost Effectiveness and Resource Allocation           (2022) 20:61 	

were administered, with efficacy lasting for both, over 
the entire time horizon [11].

A dosing strategy similar to that used in the PrONTO 
trial using ranibizumab [22] has been adopted by oph-
thalmologists in routine clinical practice [23]. In the 
PrONTO trial, after a loading phase of three consecu-
tive monthly injections, subsequent injections were per-
formed on an “as needed” basis based on monthly OCT 
assessment. The PrONTO trial [22] is a well-conducted 
prospective study, but lack of randomization and com-
parison with a control group make the results less reli-
able. However, an ICER of €4623/QALY is obtained.

The impact of the degree of initial VA loss on the cost-
effectiveness results was explored. Compared to the ref-
erence case, the cost per QALY rose when the cohort of 
patients started with a VA better than 20/40, probably 
because patients cannot improve their vision from this 
state. When the cohort started at the lower VA state 
(VA ≤ 20/400), ICERs rose as well, probably because 
fewer patients were able to reach those states with better 
VA and utility values. Initial VA states with correspond-
ing ICERs are shown in Table 5.

The method for utility elicitation had an impact on the 
cost-effectiveness results. In the study by Brown et  al. 
[24] from which we took utilities, patients’ preferences 
for the same VA state were higher when obtained by the 
standard gamble method compared to the time trade off 
method. How the choice of one method over the other 
influenced the cost-effectiveness results was explored, 
and greater ICERs with utilities obtained by the standard 
gamble method were found.

Study strengths and limitations
A strength of our study that is worth highlighting is 
that it is a prospective, population-based study, repre-
sentative of the Spanish population and representative 
of the standard management of patients with diabetic 
retinopathy.

A limitation of the study is that it was conducted from 
the second-eye, or better-seeing eye perspective. In this 
frame, both treatments were applied to the eye which has 
the greatest impact on the patients’ quality of life [25]. If 
treatments are applied to the worst-seeing eye, overall 
VA may not improve in many cases. This second-eye per-
spective, however, is common in clinical practice. DME 
develops in the contralateral eye in ≥ 87% of patients with 
diabetes over 5 years if ≥ 4 risk factors are present.

Moreover, vision loss in the first eye may be secondary 
to diseases other than diabetes. We believe this approach 
does not bias results, because the better-case scenario is 
applied to both aflibercept and dexamethasone.

Another possible limiting factor could be the fact that 
data obtained from other published articles have been 

used in which the patients studied could have different 
baseline characteristics compared to our patients. How-
ever, after conducting an analysis comparing the main 
baseline characteristics (mean age, median age, sex, 
race and educational level) of the reference population 
versus the study population, we did not find significant 
differences for any of the aforementioned character-
istics. In the study by Brown et  al. [16] from which we 
took utilities, mean age was 63 years with a range of 28 
to 87 years, and a median age of 64 years in their study, 
versus a mean age of 68.1 years in our study with a range 
of 32 to 90 years and a median age of 69 years. Patients 
from Canada, France, Germany, Spain and the United 
Kingdom participated in the study by Brown et  al. [16]. 
Demographic and clinical characteristics of the surveyed 
population were similar among countries and Caucasians 
represented 97.7% to 100% of the patients.

Given the age of the study population, recall bias may 
have led to under-reporting of medical resource utiliza-
tion. Additionally, this study did not include nursing-
home patients. As a result, costs derived from VA loss 
may be underestimated. If all these costs were taken into 
account, the disease burden would increase, and a more 
favorable result for dexamethasone (i.e. a lower ICER), 
would be obtained.

Randomized controlled trials comparing ranibizumab 
and aflibercept are ongoing. Raftery et al. found that the 
efficacy of ranibizumab in relation to aflibercept would 
have to be around 2.5 times greater to be regarded as a 
cost-effective strategy [25].

Conclusions
In the present study, we examined the cost-effectiveness 
of dexamethasone compared to aflibercept in the naïve 
DME population from the societal perspective. In a life-
time horizon, we obtained an ICER of €29,002/QALY, 
which is just below the €30,000/QALY threshold recom-
mended [21] in Spain. This ICER was sensitive to alterna-
tive scenarios, mainly the selected time horizon and the 
chosen extrapolation method, the source for dexametha-
sone efficacy and the number of aflibercept injections.

Abbreviations
DME: Diabetic macular edema; VA: Visual acuity; QALYs: Quality-Adjusted Life 
Years; ICER: Incremental cost-effectiveness ratios; SD: Standard deviation; HUI: 
Health Utilities Index; VFQ-25: Visual Function Questionnaire.

Acknowledgements
Not applicable.

Author contributions
JM was in charge of recruiting the participants. PM was in charge of collecting 
the data, analyzing them and writing the article. FJA was in charge of coordi-
nating all the work and guiding it. OE and AH corrected the article. All authors 
read and approved the final manuscript.



Page 10 of 10Montes Rodríguez et al. Cost Effectiveness and Resource Allocation           (2022) 20:61 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Funding
The authors declare that they have no funding sources. As the study was 
carried out in the field of healthcare activity and the usual practice of the 
Ophthalmology Service of the Hospital Clínico Universitario Lozano Blesa, no 
funding was required.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study has been approved by the Research Ethics Committee of the 
Autonomous Community of Aragon (CEICA). Code: JMG-AFL-2018-01. The 
favorable opinion is attached as supplementary material.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Ophthalmology, Hospital Clínico Universitario “Lozano Blesa’’, 
Zaragoza, Spain. 2 Aragon Health Research Institute (IIS Aragon), Zaragoza, 
Spain. 

Received: 13 May 2021   Accepted: 16 November 2022

References
	1.	 Schmidt-Erfurth U, Garcia-Arumi J, Bandello F, Berg K, Chakravarthy U, 

Gerendas BS, et al. Guidelines for the management of diabetic macular 
edema by the European Society of Retina Specialists (EURETINA). Oph-
thalmologica. 2017;237(4):185–222.

	2.	 Klein R, Knudtson MD, Lee KE, Gangnon R, Klein BEK. The Wisconsin 
epidemiologic study of diabetic retinopathy: XXII the twenty-five-year 
progression of retinopathy in persons with type 1 diabetes. Ophthalmol-
ogy. 2008;115(11):1859–68.

	3.	 Manejo de las complicaciones oculares de la diabetes. Retinopatía Diabé-
tica y Edema Macular. In: Guías de Práctica Clínica. Sociedad Española de 
Retina y Vítreo. 2019. https://​serv.​es/​wp-​conte​nt/​pdf/​guias/​Guia_​SERV_​
03_​terce​raRev​ision.​pdf. Accessed 20 Sep 2019.

	4.	 Protocolo de uso de fármacos Anti-VEGF y Dexametasona intravítrea 
en Edema Macular Diabético. In: Farmasalud. Unidad de Coordinación 
Autonómica Uso Racional Medicamento y productos sanitarios de 
Aragón. Grupo de trabajo Oftalmología. 2018.

	5.	 Mitchell P, Bandello F, Schmidt-Erfurth U, Lang GE, Massin P, Schlinge-
mann RO, RESTORE study group, et al. The RESTORE study: ranibizumab 
monotherapy or combined with laser versus laser monotherapy for 
diabetic macular edema. Ophthalmology. 2011;118:615–25.

	6.	 Sculpher MJ, Claxton K, Drummond M, McCabe C. Whither trial-based 
economic evaluation for health care decision making. Health Econ. 
2006;15:677–87.

	7.	 Arias L, Armada F, Donate J, García-Arumí J, Giralt J, Pazos B, et al. Delay 
in treating age-related macular degeneration in Spain is associated with 
progressive vision loss. Eye. 2008;23:326–33.

	8.	 Schwartz SG, Flynn HW, Scott IU. Intravitreal corticosteroids in the 
management of diabetic macular edema. Curr Ophthalmol Rep. 
2013;1(3):144–9.

	9.	 Chen Y, Li X, Yoon YH, Sun X, Astakhov Y, Xu G, et al. Intravitreal aflibercept 
versus laser photocoagulation in asian patients with diabetic macular 
edema: the VIVID-east study. Clin Ophthalmol. 2020;14:14741–50.

	10.	 Tablas de supervivencia de la población española. Instituto Nacional de 
Estadística [National Statistics Institute]. http://​www.​ine.​es/​jaxi/​tabla.​do?​
path=/​t20/​p319a/​1992-​2005/​l0/​&​file=​01001.​px&​type=​pcaxis. Accessed 
25 Sep 2019.

	11.	 Drummond M, Sculpher M, Torrance G, O’Brien B, Stoddart G. Economic 
evaluation using decision analytic modelling. In: Methods for the 
economic evaluation of health care programmes, 3rd ed. Oxford: Oxford 
University Press; 2005. p. 277–314.

	12.	 Cruess AF, Zlateva G, Xu X, Soubrane G, Pauleikhoff D, Lotery A, et al. Eco-
nomic burden of bilateral neovascular age-related macular degeneration: 
multi-country observational study. Pharmacoeconomics. 2008;26:57–73.

	13.	 Pesos españoles y coste SNS. Ministerio de Sanidad y Consumo [Health 
Ministry]. 2005. http://​www.​msc.​es. Accessed 26 Dec 2018.

	14.	 Índice de precios de consumo. Instituto Nacional de Estadística [National 
Statistics Institute]. http://​www.​ine.​es/​daco/​ipc.​htm. Accessed 4 Jun 
2019.

	15.	 Drummond M, Sculpher M, Torrance G, O’Brien B, Stoddart G. Basic types 
of economic evaluation. Methods for the economic evaluation of health 
care programmes, 3rd ed. Oxford: Oxford University Press; 2005. p. 7–26.

	16.	 Brown MM, Brown GC, Sharma S, Shah G. Utility values and diabetic 
retinopathy. Am J Ophthalmology. 1999;128:324–30.

	17.	 Lloyd A, Nafees B, Gavriel S, Rousculp MD, Boye KS, Ahmad A. Health 
utility values associated with diabetic retinopathy. Diabetes Med. 
2008;25:618–24.

	18.	 Guide to the methods of technology appraisal. NICE. 2008. http://​www.​
nice.​org.​uk. Accessed 26 Dec 2019.

	19.	 Briggs AH. Handling uncertainty in cost-effectiveness models. Pharmaco-
economics. 2000;17:479–500.

	20.	 McCabe C, Claxton K, Culyer AJ. The NICE cost-effectiveness threshold: 
what it is and what that means. Pharmacoeconomics. 2008;26:733–44.

	21.	 Soto ÁJ. New drugs in Spain—when are they to be considered cost-
effective alternatives and profitable investments for the National Health 
System? Farm Hosp. 2004;28:299–304.

	22.	 Fung AE, Lalwani GA, Rosenfeld PJ. An optical coherence tomography-
guided, variable dosing regimen with intravitreal ranibizumab (Lucentis) 
for neovascular age-related macular degeneration. Am J Ophthalmol. 
2007;143:566–83.

	23.	 Brown DM, Regillo CD. Anti-VEGF agents in the treatment of neovascular 
age-related macular degeneration: applying clinical trial results to the 
treatment of everyday patients. Am J Ophthalmol. 2007;144:627–37.

	24.	 Brown GC, Sharma S, Brown MM. Utility values and age-related macular 
degeneration. Arch Ophthalmol. 2000;118:47–51.

	25.	 Raftery J, Clegg A, Jones J. Ranibizumab (Lucentis) versus bevacizumab 
(Avastin): modelling cost effectiveness. Br J Ophthalmol. 2006;91:1244–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://serv.es/wp-content/pdf/guias/Guia_SERV_03_terceraRevision.pdf
https://serv.es/wp-content/pdf/guias/Guia_SERV_03_terceraRevision.pdf
http://www.ine.es/jaxi/tabla.do?path=/t20/p319a/1992-2005/l0/&file=01001.px&type=pcaxis
http://www.ine.es/jaxi/tabla.do?path=/t20/p319a/1992-2005/l0/&file=01001.px&type=pcaxis
http://www.msc.es
http://www.ine.es/daco/ipc.htm
http://www.nice.org.uk
http://www.nice.org.uk

	Cost-effectiveness of dexamethasone compared with aflibercept in naïve diabetic macular edema
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design
	Perspective and costs
	Time horizon
	Utilities
	Discount
	Sensitivity analysis
	Model validation
	Outcomes
	Results

	Discussion
	Study strengths and limitations

	Conclusions
	Acknowledgements
	References




