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ABSTRACT.

Purpose: Diabetic macular oedema (DMO), a complication of diabetes, causes

vision loss and blindness. Corticosteroids are usually used as a second-line

treatment. The aim of this study was to analyse the cost-effectiveness of

dexamethasone implants compared to cheaper and more frequently applied

triamcinolone injections.

Methods: Markov-modelling, which incorporated both eyes, was used for economic

evaluation.Themodel consistedoffivehealth states basedonvisual acuity, illustrating

the progressionofDMO.Acycle length offivemonthswas chosen for dexamethasone

and four months for triamcinolone. Time horizons of two and five years were applied.

Transition probabilities and health state utilities were sourced from previous studies.

Theperspectiveused in this analysiswasthehospitalperspective.Thehealth care costs

were acquired from Kuopio University Hospital in Finland.

Results: In this cost-effectiveness analysis, the incremental cost-effectiveness

ratio ICER with 3% discount rate was €56 591/QALY for a two-year follow-up

and �€1 110 942/QALY for a five-year follow-up. In order to consider

dexamethasone as cost-effective over a 2-year time horizon, the WTP needs to

be around €55 000/QALY. Over the five-year follow-up, triamcinolone is clearly

a dominant treatment. Sensitivity analyses support the cost-effectiveness of

dexamethasone over a 2-year time horizon.

Conclusions: Sincethesensitivityanalysessupport theresults,dexamethasonewould

be a cost-effective treatment during the first two years with WTP threshold around

€55 000/QALY, and triamcinolone would be a convenient treatment after that. This

recommendation is in line with the guidelines of EURETINA.

Key words: cost-effectiveness – Markov-modelling – diabetic macular oedema – dexametha-

sone – triamcinolone
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Background

A continuously increasing number of
diabetes mellitus (DM) patients has led
to an increase in its complications, of

which diabetic retinopathy (DR) is one of
the most common (Zheng et al. 2012;
Guariguata et al. 2014). Globally, DR
accounts for about 2.6% of all vision

losses (Leasher et al. 2016), and in
Finland the percentage is slightly higher:
7% for the working-age population and
3% for the elderly (Ojamo 2018). Dia-
betic macular oedema (DMO) is one
form of diabetic retinopathy and it
mainly accounts for vision loss and
blindness, especially in the working-age
population (Miller & Fortun 2018).
Although the incidence of diabetic
retinopathy has decreased during the last
few decades (Liew et al. 2017), nearly half
of the patients do not achieve a balance
with theirDM(AmericanDiabetesAsso-
ciation 2019), thus the risk of complica-
tions is still significant.

Pathogenesis of diabetic macular
oedema is multifactorial. Both inflam-
matory mediators and vasogenic medi-
ators, such as vascular endothelial
growth factors (VEGFs), are activated
and create disruption to the retina. As
the inner blood-retinal barrier breaks
down, fluids and proteins leak into the
retina. This leakage creates oedema of
the macula and thereby decreases the
retinal transparency (Stewart 2012;
Duh et al. 2017; Miller & Fortun 2018).

Intravitreal medication is needed in
order to prevent vision loss in DMO.
Anti-vascular endothelial growth factor
(anti-VEGF) injections (ranibizumab,
aflibercept, and bevacizumab) are used
as afirst-line treatment forDMO,whereas
corticosteroids are possible as a second-
line treatment (Rajendran&Badole 2018;
Virgili et al. 2018). Anti-VEGF injections
(ranibizumab) are proven to be cost-
effective compared to corticosteroids (tri-
amcinolone) (Pershing et al. 2014), mainly
because corticosteroids cause more
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adverse events than anti-VEGF injections
(Maturi et al. 2018; Mehta et al. 2018). In
certain cases, such as poor compliance or
contraindications, corticosteroids could
be used as a first-line treatment, too
(Schmidt-Erfurt et al. 2017; Rajendran &
Badole 2018).

A need for different treatment
options for anti-VEGF treatment is
clear because as many as 30–50% of
patients do not respond to anti-VEGF
treatment properly (Duh et al. 2017;
Shah et al. 2017). Corticosteroids have
a beneficial impact on visual acuity,
central macular thickness, and hard
exudates, since they are able to control
both inflammatory and vasogenic
mediators (Lazic et al. 2014; Shin
et al. 2017). Patients who do not
respond to anti-VEGF treatment
should proceed to corticosteroids as
soon as possible (Busch et al. 2018).

Possible choices for corticosteroid
treatment are intravitreal triamcinolone
injections and intravitreal dexametha-
sone or fluocinolone implants (Al-Dhibi
& Arevalo 2013; Schmidt-Erfurt et al.
2017). For DMO, triamcinolone injec-
tions are used off-label (Maniadakis &
Konstantakopoulou 2019), and they
have a short duration of action (Qi et al.
2012). Frequent injections of triamci-
nolone are required to maintain favour-
able effects (Dang et al. 2014). A
dexamethasone implant enables themed-
icine tobe released slowlyand for a longer
period of time, which can lead to better
compliance as needed injections become
rarer (Chang-Lin et al. 2011; Miller &
Fortun 2018). Fluocinolone implants
have been withdrawn from the market
inmanycountries, includingFinland,due
to safety issues (Kiddee et al. 2013;
Finnish Medical Agency 2019).

Direct clinical comparisons between
dexamethasone and triamcinolone
have shown that dexamethasone and
triamcinolone are somewhat equally
effective although triamcinolone causes
more adverse events, and re-treatment
is required sooner than with dexam-
ethasone (Dang et al. 2014). Mylonas
et al. (2017) compared dexamethasone
and triamcinolone in cystic macular
oedema and concluded that there was
no significant difference in vision acuity
improvement between the treatments,
but that triamcinolone better reduced
oedema of the macula. These treat-
ments are also used for central or
branch retinal vein occlusion in which
triamcinolone is found to be more

effective than dexamethasone (Smiddy
2011; Ford et al. 2014).

The frequency of injections affects the
cost of the entire treatment and, in
addition, unit costs of triamcinolone
injections and dexamethasone implants
differ significantly. As nowadays every
medical treatment in use should be cost-
effective, there is a need to evaluate costs
and effectiveness in the treatment of
DMO. There are very few previous
studies concerning the cost-effectiveness
of corticosteroids in the treatment of
DMO. The cost-effectiveness of corti-
costeroids is studied compared to anti-
VEGF injections and laser (Dewan et al.
2012; Pershing et al. 2014), and dexam-
ethasone and fluocinolone are com-
pared in pseudophakic eyes (Pochopien
et al. 2019). It seems that to date, there
are no cost-effectiveness studies of tri-
amcinolone injections compared to
other corticosteroids for DMO nor the
other macular oedemas. Cost-effective-
ness evaluations between corticos-
teroids alone are rare altogether.

The aim of this study was to com-
pare the cost-effectiveness of triamci-
nolone injections and dexamethasone
implants. A Markov transition model,
which incorporated both eyes, was
adapted for this purpose. Corticos-
teroids were used as a first-line treat-
ment in the model, as this is also a
clinically possible option. The same
results are also applicable for corticos-
teroids as a second-line treatment, since
previous treatment does not seem to
influence corticosteroid effectiveness
(Malcl�es et al. 2017).

Materials and methods

The model

A Markov transition model can be used
to evaluate diseases using certain health
states combined with different costs and

different utilities. A patient can be in one
health state at a particular point in time
and move on to another health state
during a series of cycles. The result of the
Markov model is an incremental cost-
effectiveness ratio (ICER), which com-
pares the difference in costs between
different treatments to their difference in
effectiveness (Drummond et al. 2015).
Quality Adjusted Life Years (QALYs)
are used to represent the effectiveness in
this model. It is important to incorporate
both eyes in the model because it is
possible, even likely, that only one eye is
affected and the other one maintains
good visual acuity. Both eyes are there-
fore considered when estimating costs
and QALYs.

The Markov model consists of five
health states based on the visual acuity
of the better-seeing eye. These states
are based on vision acuity as classified
by Finger et al. (2013), and they are
presented in Table 1 and Figure 1. All
patients start from health state one, in
which only one eye has DMO and
vision acuity is good, and health state
five, in which the patient is blind, is
the endpoint of the model. Once the
treatment has started, it is continued
during the whole follow-up period, so
there is no return to health state one.
In addition, the model does not have a
health state in which patients are
cured completely, because the clinical
evidence does not suggest that (e.g.
Beck et al. 2009; Boyer et al. 2014).

The perspective of this analysis is the
hospital perspective. The societal per-
spective is not included in the analysis
since the hospital makes the decisions
about resource allocation.

Population characteristics

A population of 1000 hypothetical
patients was chosen for the cost-effec-
tiveness model. All of the patients are

Table 1. Markov model health states and their descriptions.

Health

State Description of the health state

Visual acuity of the

better-seeing eye

(Snellen lines)*

1 One eye is healthy, and the other one has

DMO. Vision acuity is good.

≥0.5

2 Both eyes have DMO. Visual acuity is good. ≥0.5
3 Both eyes have DMO. Mild visual impairment. <0.5 but ≥0.3
4 Both eyes have DMO. Moderate to severe visual

impairment.

<0.3 but ≥0.05

5 Both eyes have DMO. Blindness. <0.05

* Vision acuity classified by Finger et al. (2013)
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DM patients who have DMO in one
eye, and their vision acuity is good
(≥0.5). Based on cohort studies, this
patient population could be described
as follows: the starting age of DMO
treatment is, on average, 66 years.
Most of the patients are type 2 diabet-
ics (93%), and 60% of them are men
and 40% women. Phakic eyes account
for 68% and pseudophakic for 32% of
the patients (Ockrim et al. 2008;
Fern�andez et al. 2010; Ramu et al.
2015; Malcl�es et al. 2017; Singer et al.
2018).

In the model, patients receive corti-
costeroid treatment throughout the
follow-up. Since the longest follow-up
period in the literature for corticos-
teroid treatment seems to be five years
(e.g. Gillies et al. 2009), two different
time horizons were used in the model: 2
and 5 years. No subgroup analyses
were conducted in this analysis, as it
is demonstrated that population char-
acteristics, such as previous treatment,
sex, pseudophakia/phakia, or vitrec-
tomized/nonvitrectomized eyes, may
not be relevant for corticosteroid treat-
ment efficacy (Malcl�es et al. 2017;
Cevik et al. 2018).

Treatment strategies

The comparators included in the model
are dexamethasone implants (OZUR-
DEX 0.7 mg) and triamcinolone injec-
tions (TRIESENCE 40 mg/ml). Both
treatments are proved to improve
vision acuity significantly, but triamci-
nolone reduces macular thickness more
effectively than dexamethasone (Dang

et al. 2014; Schmidt-Erfurt et al. 2017).
As the cost of a dexamethasone
implant (€1075) is far more that of a
triamcinolone injection (€207), triam-
cinolone can be applied first in clinical
practice.

The dosing regimen varies between
the treatments, so the cycle length in
the model also varies. A five-month
cycle was chosen for dexamethasone,
since this is a common and often
recommended re-treatment schedule
(e.g. Mathew et al., 2014; Bucolo
et al. 2018). For triamcinolone, a cycle
length of four months was chosen, as
the maximum improvement in vision
acuity occurs at three months, and
after six months its effectiveness is no
longer significant (Beer et al. 2003;
Fern�andez et al. 2010; Qi et al. 2012;
Jeon & Lee 2014). It is assumed that re-
treatment is not applied when the
effectiveness is at its highest, but
slightly after that. In addition, since it
is known that triamcinolone requires
re-treatment sooner than dexametha-
sone (Dang et al. 2014), its cycle length
must be shorter than that of dexam-
ethasone. Cycle lengths are constant
over the whole follow-up period so that
the model remains sufficiently simple.

Disease progression

Transition probabilities were sourced
from clinical, retrospective, and
prospective studies. For both treat-
ments, two transition matrices were
made: one for a shorter follow-up
period (<12 months) and one for a
longer follow-up period (>12 months).

The use of two transition matrices
illustrates that the first doses are more
effective than the subsequent doses
(Chan et al. 2006). Transitions are
based on changes in vision acuity, as
a 10-letter or 2-line change can move a
patient to the next health state and a
15-letter or 3-line change enables a
patient to move more than one health
state. Almost all transition probabili-
ties are of several studies. Only studies
with n > 50 are included in the calcu-
lations of transition probabilities. Stud-
ies used in the transition probabilities
are available in the supplement (Sutter
et al. 2004; Gillies et al. 2006; Thomp-
son 2006; €Ozdek et al. 2006; Kupper-
mann et al. 2007; Lam et al. 2007;
Ockrim et al. 2008; Beck et al. 2009;
Fernandez et al. 2010; Haller et al.
2010; Boyer et al. 2011; Scanlon et al.
2013; Gillies et al. 2014; Lozano-Lopez
et al. 2015; Ramu et al. 2015; Callanan
et al. 2017; Malcl�es et al. 2017; Pareja-
Rios et al. 2018; Singer et al. 2018).

When examining the Markov model
of this cost-effectiveness analysis, tri-
amcinolone is slightly more effective at
improving visual acuity than dexam-
ethasone, and the re-treatment sched-
ule and occurrence of adverse events
for triamcinolone are more frequent
than for dexamethasone. In these
points, the model is in line with existing
direct comparisons.

Cost and health outcome estimates

The direct medical costs included in the
model are as follows:
1 the cost of the treatment, including
the cost of the medicine and the cost of
the administration
2 the cost of the follow-up and diag-
nosis, including intraocular pressure
measurement, fluorescein angiography
(FAG), optical coherence tomography
(OCT), and medical visits
3 the rehabilitation cost for legally
blind persons

Corticosteroid treatment can cause
adverse events, such as intraocular
pressure (IOP) elevation, glaucoma,
cataract, endophthalmitis, and retinal
detachment. Triamcinolone has more
adverse events than dexamethasone
(Dang et al. 2014). The treatment of
these adverse events is considered in
the model. Cataract surgery and laser/
vitrectomy due to IOP elevation are
addressed only once during the whole

Fig. 1. Markov model structure.

e1148

Acta Ophthalmologica 2021



follow-up, whereas other adverse
events can occur with every cycle. All
unit costs are based on the costs in the
Kuopio University Hospital price cat-
alogue for 2019. The unit costs, uti-
lization, and cost per year are
presented in Tables 2 and 3.

If both eyes have DMO, both eyes
are treated. This leads to double drug
costs in states 2, 3, and 4. Rehabilita-
tion costs due to visual impairment are
applied in states 4 and 5. Utilities
associated with health states are pre-
sented in Table 4 (Brown et al. 2000;
Brown et al. 2001). Although these
utilities are calculated for age-related
macular degeneration, they are also
applicable for DMO (Brown et al.
1999). Discounting rates of 0% and
3% per annum were applied in the
model for both costs and utilities.

Analysis

The incremental cost per incremental
QALY was calculated as a final result
of the model. Since there is uncer-
tainty in the modelling, deterministic

sensitivity analyses were performed. In
the first sensitivity analysis, the cycle
length for triamcinolone was changed
from 4 months to 3 months. In the

second sensitivity analysis, the cost of a
dexamethasone implant was lowered
by 20%. Increasing the cost of a
dexamethasone implant was not inves-
tigated because is it rather unlikely that
the price would rise. The third sensi-
tivity analysis considered different util-
ities for health states. With these
alternative utilities, the health state
utility was higher in states 2, 4, and 5
and lower in health states 1 and 3
compared to the model. These alterna-
tive utilities were based on eye diseases
in general (Sharma et al. 2000).

Table 2. Costs in relation to the treatment.

Unit cost Utilization per year Cost per year

Dexamethasone Triamcinolone Dexamethasone Triamcinolone

Dexamethasone Triamcinolone

Cost of medication €1075.00 €207.00 2.4 3

€2 580.00 €621.00

Cost of administration

Medical visit (DEX) €90.00 - 2.4 -

€216.00 -

Nurse visit (TA) - €76.00 - 3 -

€228.00 Cost of follow-up

OCT + medical visit €50.00 + €65.00 €50.00 + €65.00 6 6

€690.00 €690.00

IOP measurement €76.00 €76.00 13 13

€988.00 €988.00

FAG €77.00 €77.00 1 1 €77.00 €77.00

€1 755.00 €1 755.00

Cost of adverse events * Incidences per cycle

IOP rise and glaucoma Dexamethasone

5 months

Triamcinolone

4 months

Medication: medication + medical visit** €12.55 + €65.00 €12.55 + €65.00 8.90% 12.28%

Laser*** €82.00 €82.00 0.49% 0.65%

Vitrectomy*** €1195.00 €1195.00 0.47% 1.29%

Cataract*** €1373.00 €1373.00 5.77% 12.64%

Endophthalmitis** €3101.00 €3101.00 0.25% 0.20%

Retinal detachment** €2706.00 €2706.00 0.04% 0.03%

* Incidences of adverse events are based on the following studies: Boyer et al. (2014); Beck et al. (2009); Callanan et al. (2013); Ciardella et al. (2004);

Fraser-Bell et al. (2016); Gillies et al. (2006); Gillies et al. (2009); Haller et al. (2010); Maia et al. (2007); Sonmez & Ozturk (2012); Ramu et al. (2015);

Malcl�es et al. (2017); Singer et al. (2018).

** Treatment of the adverse event is applied in every cycle during the follow-up.

*** Treatment of the adverse event is applied only once during the follow-up.

Table 3. Total costs of the treatment and the rehabilitation costs.

Total cost of the treatment per year 2-year time horizon 5-year time horizon

Dexamethasone €4 589.99 €4 479.02

Triamcinolone €2 659.77 €2 639.93

Rehabilitation costs* Cost per year

Dexamethasone Triamcinolone

Occupational rehabilitation €2 496.00 €2 496.00

Discretionary rehabilitation €2 176.00 €2 176.00

Medical rehabilitation €2 648.00 €2 648.00

€7 320.00 €7 320.00

* Source for the rehabilitation costs: Kelasto, 2018a,Kelasto, 2018b,Kelasto, 2018c.

Table 4. Health state utilities.

Health State Utility

1 0.97

2 0.89

3 0.81

4 0.55

5 0.40
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Results

According to this cost-effectiveness
analysis, over a 2-year horizon, gaining
one additional discounted QALY
would cost an additional discounted
€56,591 when comparing dexametha-
sone to triamcinolone. Over a five-year
horizon, the discounted incremental
cost-effectiveness ratio is -€1 110 942
per QALY gained, so the result
changes entirely when time horizon
changes. Negative ICER means that
triamcinolone is a dominant treatment
strategy compared to dexamethasone
over a 5-year time horizon. The results
of this cost-effective analysis per 1000
patients are presented in Table 5.

Differences in the costs are due to
differences in the prices of a dexametha-
sone implant and a triamcinolone injec-
tion.The cost of the treatment of adverse
events did not affect the results signifi-
cantly. Differences in the effectiveness
(QALYs) are due to a small difference in
the treatment efficacy, which is seen in
the transition probabilities.

In the sensitivity analyses, we found
that over a 2-year time horizon, the
results are sensitive to the cycle length
of triamcinolone and to the cost of
a dexamethasone implant. Using a
different source for utilities had no
significant impact on the results. Over a
5-year time horizon, triamcinolone was
dominant regardless of the sensitivity
analyses. The sensitivity analyses are
presented in Table 6.

Discussion

This cost-effectiveness analysis aimed to
discover which of the corticosteroid
treatments in use, triamcinolone or dex-
amethasone, is a cost-effective treatment
for DMO. The length of the follow-up
has a critical impact on whether triam-
cinolone or dexamethasone should be
considered as cost-effective. Both the 2-
and 5-year time horizons are important
from the clinical point of view.

According to this cost-effectiveness
analysis, dexamethasone has bigger
expected costs and better expected
effectiveness than triamcinolone over
a two-year time horizon. The ICER is
€56 591/QALY. Interpretation of the
cost-effectiveness depends on the deci-
sion-maker’s willingness to pay (WTP)
for better effectiveness. Considering the
recommendations for the general
WTP threshold (£20 000–30 000/QALY)

(National Institute for Health & Care
Excellence 2018), triamcinolone is cost-
effective compared to dexamethasone
over a two-year time horizon. In order
to consider dexamethasone as cost-
effective, WTP should be around
€55 000/QALY, which could be possi-
ble within the recommendations, since
higher ICERs can be acceptable based
on, for example, disease severity and
the innovativeness of the treatment. A
dexamethasone implant could meet
these requirements since it is an inno-
vative and unique treatment for DMO
and preventing vision impairment over-
all is both clinically and economically
important (Gonder et al. 2014; Kiss
et al. 2016).

Over a 5-year time horizon, the
expected costs of dexamethasone are

bigger than those of triamcinolone and,
in addition, triamcinolone has better
expected effectiveness than dexametha-
sone. Incremental cost-effectiveness
ratio (ICER) for a five-year follow-up
is �€1 110 942/QALY. This means
that over a 5-year time horizon, triam-
cinolone is dominant compared to
dexamethasone and it should be chosen
over dexamethasone in clinical prac-
tice. This difference in results based on
time horizon arises from the difference
in the expected QALYs of dexametha-
sone and triamcinolone: the longer the
time horizon, the better the effective-
ness of triamcinolone over dexametha-
sone. Eventually, triamcinolone has
more expected QALYs and lower
expected costs compared to dexam-
ethasone. This is due to the lower price

Table 5. Results of Markov model analysis of two- and five-year periods per 1,000 patients

2-year time horizon

Medication Expected costs, € Expected QALYs ICER (€/QALY)*

0% discount rate

Dexamethasone 9.810.196 2016.28

Triamcinolone 5.562.866 1936.28

Difference 4.247.330 80.00 53.089

3% discount rate

Dexamethasone 9.454.583 1943.48

Triamcinolone 5.374.726 1870.94

Difference 4.079.857 72.54 56.243

5-year time horizon

Medication Expected costs, € Expected QALYs ICER (€/QALY)

0% discount rate

Dexamethasone 23.861.157 4821.46

Triamcinolone 13.785.330 4825.50

Difference 10.075.826 �4.04 �2.494.639

3% discount rate

Dexamethasone 22.027.999 4455.23

Triamcinolone 12.745.504 4464.36

Difference 9.282.495 �9.13 �1.016.727

* The differences depicted here do not give the exact ICERs presented here due to rounding

numbers.

Table 6. Discounted ICER values of the sensitivity analyses (discount rate 3%).

Sensitivity analysis ICER (€/QALY)

2-year time horizon

3-month cycle length for triamcinolone 50.880

The cost of a dexamethasone implant lowered by 20% 41.637

Alternative utilities (Sharma et al. 2000)* 58.678

5-year time horizon

3-month cycle length for triamcinolone �537.182

The cost of a dexamethasone implant lowered by 20% �743.536

Alternative utilities (Sharma et al. 2000)* �1.105.954

* Alternative utilities according to Sharma et al. (2000): State 1: 0.93; State 2: 0.85; State 3: 0.66;

State 4: 0.58; State 5: 0.53, Calculated as an average of health state’s range.

e1150

Acta Ophthalmologica 2021



of triamcinolone injections and their
better efficacy, as seen in the transition
probabilities. As triamcinolone causes
more adverse events than dexametha-
sone, but their degenerative impact on
quality of life is not considered in the
model, triamcinolone seems to be more
effective than dexamethasone.

In the sensitivity analyses, we found
that the cycle length of triamcinolone
and the unit cost of dexamethasone
affects slightly the results. If the dosing
interval of triamcinolone was three
months instead of 4 months, ICER
would be €51 408/QALY, which is
somewhat lower than in the actual
analysis. Again, if the unit cost of
dexamethasone was 20% lower, ICER
would be lower than in the actual
analysis, being then €42 222/QALY.
If the cycle length for triamcinolone
was three months or the cost of the
dexamethasone implant was 20%
lower, dexamethasone could be
accepted as cost-effective compared to
triamcinolone in the model over a two-
year time horizon with a WTP around
€50 000/QALY and €40 000/QALY,
respectively. Over a five-year time hori-
zon, triamcinolone would still be dom-
inant compared to dexamethasone,
regardless of the sensitivity analyses.

In the model, both eyes were
included, which is one strength of this
cost-effectiveness analysis. Generally,
one eye is defined as the better-seeing
eye (BSE) and the other one as the
worse-seeing eye (WSE). Cost-effective-
ness analyses made for eye diseases
usually observe only one eye: the WSE
and its vision and vision-related quality
of life. With this, the treatment effect on
vision-related quality of life is more
remarkable than if both eyes were con-
sidered in themodel. If the BSEwas also
considered, the treatment effect on
vision-related quality of life would be
less, since the BSE has more effect on
quality of life than the WSE (Hirneiss
2014). In order to obtain appropriate
utility values, it is necessary to consider
vision acuity in the other eye, too.

Study limitations

When working with modelling, there
are always uncertain factors that
weaken the reliability of the analysis.
Some of the uncertainties are due to the
modelling itself; we cannot investigate a
population at an individual level, rather
we must settle for examining an average

population. In reality, an average
patient does not exist, so the modelling
gives only an estimation for clinical
practice. Simulation could enable indi-
vidual-level examination, but we did
not have that kind of data available for
this study. In addition, we must create
some assumptions in the model in order
to keep it sufficiently simple. These
assumptions narrow our examination,
which weakens its reliability. Sensitivity
analyses are carried out to improve the
reliability of this modelling.

One of the relevant assumptions
applied to this model was that a patient
cannot be completely cured of DMO,
meaning that in the model transition, a
return to health state one is impossible
and there is no health state inwhich both
eyes would be healthy. There was no
evidence in clinical research of a patient
being able to discontinue the treatment
due to a desirable response, hence the
assumption of incurable DMO.We also
assumed that first doses of the treatment
are more effective than the second ones,
as this is demonstrated in the research
literature (Chan et al. 2006). This is
considered in the model when calculat-
ing the transition probabilities. In clin-
ical practice, it is likely that the dosing
interval becomes rarer over time (e.g.
Malcl�es et al. 2017), but in thismodel the
dosing regimen is fixed.

In this model, a health care perspec-
tive was chosen. It is the most common
perspective regarding cost-effectiveness
analyses (Rawlins 2012) and relevant in
Finland where hospital decides the
medication. A societal perspective
would have captured all the costs
regardless of how they are allocated.
These costs would include, for exam-
ple, travel costs and the time costs of
the caregivers who accompany the
patient to the hospital. Considering
that the corticosteroid treatment is
received in hospital conditions and the
dosing frequency is one of the main
differences between these two treat-
ments, it would have affected the result
in favour of dexamethasone. It is likely
that the final conclusion of the analysis
would have remained unchanged: the
2-year ICER would have lowered and
the 5-year dominance would still be
present as adding new costs would not
affect the difference in QALYs that was
in favour of triamcinolone.

The societal perspective therefore
presents a wider view on the conse-
quences of health care interventions as

the health care perspective gives more
detailed information on resource impli-
cations for the health care decision
makers (Neumann & Sanders 2017).
As the decision maker in this case is the
hospital, it was concluded sufficient to
examine only the health care perspective
in this analysis. From societal perspec-
tive, though, this approach may lead to
partial optimization because the societal
costs are not meaningful for a hospital
to consider.

The transition probabilities were
sourced from clinical (RCT), retrospec-
tive, and prospective studies. It is
commonly recommended to use RCT
studies for transition probabilities to
ensure inner validity (Drummond et al.
2015), but since available RCT studies
did not contain all the needed infor-
mation for the transitions, and the
follow-up period in them was rather
short, we had to complement them
with other studies. There are only a few
clinical studies that compare dexam-
ethasone and triamcinolone directly. In
most of the chosen studies, the com-
parator was a placebo or there was no
comparator at all, so the comparison in
this cost-effectiveness analysis was
somewhat indirect. Since there is no
single study that includes all the neces-
sary information for this cost-effective-
ness analysis, several studies were
required, and the averages of their
results were used.

It is worth considering whether a
degenerative impact on quality of life
as a consequence of adverse events
should be included in the model. Qual-
ity of life degenerates as vision acuity
decreases (e.g. Brown et al. 1999;
Sharma et al. 2000), which is consid-
ered within the model itself. Adverse
events are incorporated into the model
only by considering the costs of their
treatment. However, because adverse
events cause other not vision-related
inconveniences to patients (e.g. pain,
anxiety, and loss of time), the quality of
life decrements caused by adverse
events could be worth examining.

Conclusions

In this cost-effectiveness analysis, we
found that triamcinolone was cost-
effective compared to dexamethasone
over both 2- and 4-year time horizons,
if the WTP threshold is considered as
€30 000/QALY. Over a 5-year time
horizon, triamcinolone was also a
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dominant treatment strategy. However,
over a two-year time horizon, it could
be possible for a decision maker to
accept dexamethasone as cost-effective
compared to triamcinolone if the WTP
was around €55 000/QALY. A thresh-
old of €55 000/QALY for WTP could
be possible, since DMO itself has a
great burden of illness, and a dexam-
ethasone implant can be seen as an
innovative approach for treating
DMO. In addition, the sensitivity anal-
yses support the cost-effectiveness of
dexamethasone over the two-year time
horizon with the threshold for WTP
around €50 000/QALY.

Even if a decision-maker accepted
dexamethasone as a cost-effective treat-
ment, however, this does not mean that
it would be possible to use it in
practice. Both WTP and available
budget have an impact on whether a
new drug can be introduced in clinical
practice or not. It is worth noting that
the cost per annum of dexamethasone
is 66% higher compared to triamci-
nolone, so it would require a lot more
resources in order to choose to use
dexamethasone over triamcinolone.
Therefore, a cost-effectiveness analysis
alone cannot give an adequate recom-
mendation about resource allocation.

In the guidelines for the management
of diabetic macular oedema by the
European society of Retina Specialists
(EURETINA), it is recommended to
apply dexamethasone first (Schmidt-
Erfurt et al. 2017), and therefore, triam-
cinolone should be used only if dexam-
ethasone does not give the desired
response. Given that a dexamethasone
implant is an innovative treatment, the
WTP threshold could be around
€55 000/QALY, meaning that accord-
ing to this analysis, dexamethasone
would be cost-effective over a two-year
time horizon. After that, triamcinolone
would explicitly be a reasonable choice
for DMO treatment. Thus, this cost-
effectiveness analysis does not necessar-
ily require changes in the current recom-
mendation. However, it can be argued
whether or not the recommendation is
sensible, since the difference in the prices
of a triamcinolone injection and a dex-
amethasone implant is so significant.
Therefore, the budget impact must also
be considered when allocating scarce
resources. Moreover, there is no single
threshold forWTP that would be appro-
priate for all decisions, so the conclusion
for the cost-effectiveness has aspects that

this cost-effectiveness analysis cannot
solely resolve.
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