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ORIGINAL RESEARCH
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(Latanoprost) in open angle glaucoma/ocular hypertension and ocular surface 
disease: an Italian cost-utility analysis
Carlo Lazzaro a,b, Cécile van Steenc, Giorgio Ghirellid, Matteo Sacchie, Dario Sistof, Maurizio Uvag, Luigi Varanoh 

and Luigi Angelilloc
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Biotechnologies Department “Lazzaro Spallanzani,” University of Pavia, Pavia, Italy; cSanten GmbH, München, Germany; dHospital ophthalmology 
unit, Italian National Health Service-endorsed hospital “San Pietro”, Rome, Italy; eUniversity Eye Clinic, San Giuseppe Hospital, Multimedica, Milan, 
Italy; fAcademic ophthalmology unit, Azienda Ospedaliera Universitaria “Policlinico di Bari”, Bari, Italy; gAcademic ophthalmology unit, Azienda 
Ospedaliero Universitaria Policlinico “G. Rodolico - San Marco”, Catania, Italy; hHospital ophthalmology unit, Private eye clinic “Villa Richeldi”, Carpi, 
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ABSTRACT
Background: STN1013001 is an innovative latanoprost cationic emulsion for open-angle glaucoma/ 
ocular hypertension (OAG/OHT) and ocular surface disease (OSD).
Methods and findings: A 5-year, 7 health states, 1-year cycle early Markov model-supported cost-utility 
analysis (CUA) of STN1013001 vs. other latanoprost formulations (Latanoprost) followed the Italian 
National Health Service (INHS) perspective.
One-way, probabilistic and scenario sensitivity analyses tested the uncertainty of the baseline results. 
Value of information analysis (VOIA) investigated the potential cost-effectiveness of collecting further 
evidence.
Results: Over 5 years, the Markov model-supported CUA predicts STN1013001 to be potentially highly 
cost-effective vs. Latanoprost (+€57.60 cost at €2020 values; +0.089 Quality-Adjusted Life Years).
The Incremental Cost-Utility Ratio (€647.65) falls well below the lower limit of the acceptability range 
proposed for Italy (€25,000-€40,000).
Sensitivity analyses confirmed the robustness of the baseline findings. VOIA highlighted that further 
information might only be cost-effective for OAG/OHT utilities and OSD-related disutility.
Conclusion: STN1013001 is potentially highly cost-effective and strongly dominant vs. Latanoprost for 
OAG/OHT+OSD patients from the INHS perspective. These findings should be re-assessed using the 
data from the ongoing Phase III trial (NCT04133311) comparing the efficacy and safety of STN1013001 
vs. Latanoprost and with future real-world CUAs upon the availability of STN1013001 on the Italian 
market.
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1. Introduction

Glaucoma is one of the most frequent causes of irreversible 
blindness and represents a critical issue to healthcare systems 
[1]. By 2040, 112 million glaucoma prevalent patients expected 
worldwide (+ 74% vs. 2013) will bring about severe disease- 
related economic and social consequences [1].

According to the results of a population-based survey, the 
prevalence of open-angle glaucoma (OAG) in Italy reaches 
1.4% [2] and accounts for over 80% of the glaucoma cases, 
causing severe vision loss in approximately 50,000 patients [3].

Glaucoma generally progresses from stage 0 (ocular hyper
tension – OHT) to more advanced stages (stage 1 – early 
glaucoma; stage 2 – moderate glaucoma; stage 3 – advanced 
glaucoma; stage 4 – severe glaucoma; stage 5 – end-stage 
/blindness) [3,4]. Before patient becomes symptomatic in pro
gressing to more advanced disease stages, irreversible vision 
damage is often already present. Therefore early diagnosis and 

appropriate therapies to maintain vision in OAG/OHT patients 
are of primary importance [1].

Based on the most recent data currently available, the 
average annual cost per OAG/OHT patient in Italy reaches 
Euros (€) 788.70 and increases with disease severity (€572.00 
for OHT, €734.30 for stages 1–2 and €1054.90 for advanced 
OAG/OHT), with glaucoma medications and specialist consul
tations being the cost-drivers [5].

The European Glaucoma Society guidelines suggest initiat
ing the treatment with monotherapy and assessing OAG/OHT 
patient characteristics and drug properties before prescribing 
the active agent [6]. In consideration of the amount of med
ication, the intra-ocular pressure (IOP)-lowering efficacy, the 
systemic safety profile and the treatment regimen, prostaglan
din analogues are often used as monotherapy [6].

About 60% of OAG/OHT patients receiving topical IOP- 
lowering drugs experience concomitant ocular surface disease
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(OSD) symptoms (e.g. dry eye disease – DED) [7]. OSD symp
toms negatively impact patients’ health related quality of life 
(HRQoL), which is already worsened by OAG/OHT [6] and 
affect their daily activities [8,9]. In addition, OSD may decrease 
therapy adherence and reduce IOP control, while potentially 
increasing the risk of OAG/OHT progression [8,10–12].

Therefore, improvement of treatment adherence, as well as 
the effective management of concomitant OSD remain unmet 
needs in this patient population, which should be hopefully 
fulfilled by new OAG/OHT therapies.

STN1013001 (Santen, Osaka, Japan), formerly DE-130A, is an 
innovative latanoprost cationic emulsion formulation (based 
on the Novasorb® technology) for the treatment of OAG/OHT 
with concomitant OSD [13].

The cationic emulsion possesses tear film stabilization and 
anti-inflammatory properties and has the ability to reside on 
the ocular surface for a prolonged period of time due to its 
optimized interaction with the tear film [14].

During a 3-month Phase 2 trial, STN1013001 proved to be 
as effective as Latanoprost at lowering IOP (−6.0% vs. −5.4%; 
p > 0.05) and significantly reduced OSD-related signs and 
symptoms (−36.0% vs. −7.0%; p < 0.05) vs. baseline in the 
per protocol study population [15].

A Phase III trial investigating the comparative efficacy and 
safety of STN1013001 vs. Latanoprost (NCT04133311) is cur
rently ongoing [16].

As such, STN1013001 is not available on the market yet.
In order to provide decision makers with provisional evi

dence about the country-specific economic value of 
STN1013001 vs. other latanoprost formulations (henceforth 

Latanoprost) in OAG/OHT+OSD patients, three early Markov- 
model supported cost-utility analyses (CUA) [17–23] for three 
relevant European markets (Germany [24], France [25], and 
Italy) were developed.

The aim of this early Markov-model supported CUA, that 
follows the Italian National Health Service (INHS) perspective, 
is to investigate the economic value of STN1013001 before it 
enters the Italian market.

2. Methods

2.1. Markov model

The Markov model, consisting of 1019 parameters, includes 7 
mutually exclusive health states (OAG/OHT stages 0–5; age and 
gender-specific all-cause mortality) [21–23, 26,27] (Figure 1).

The Markov model was developed in Excel Windows® 2010 
(Microsoft, Redmond, WA, USA) and was mainly populated 
with pooled data collected from a convenience sample [28] 
of 5 Italian ophthalmologists from public and private high- 
volume care practice centers (public teaching hospital: 3, pri
vate eye clinic: 1, and INHS-endorsed private hospital: 1).

Due to their extensive experience in managing OAG/OHT 
(1338 patients followed-up yearly), the glaucoma specialists 
were assumed to be authoritative sources of real world data 
concerning the disease.

The remaining data were retrieved from the literature.
Two cohorts of 1000 notional patients each were simulated 

for STN1013001 and Latanoprost. For both the monotherapies 
the Markov cohort simulation starts at OAG/OHT stage 0 [21,23].

Figure 1. Markov model. Abbreviations: OAG/OHT, open angle glaucoma/ocular hypertension.
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The Markov model adopted a 1-year cycle length 
(365.25 days, correcting for leap years) [29] and stretched 
over 5 years. Despite OAG/OHT being a chronic disease, 
a 5-year time horizon was consistent with the duration of 
a pivotal international, retrospective cost description on 
OAG/OHT that included, among other countries, Germany, 
France and Italy [3]. In addition, in previous health economic 
evaluations supported by early decision models, a timespan 
varying between 1 and 5 years was considered sufficient to 
capture provisional costs and effectiveness results totaled by 
the healthcare programs under comparison [17,30].

For each Markov cycle, a transition probability matrix gov
erned the distribution of each hypothetical cohort among the 
different OAG/OHT stages and all-cause mortality by age and 
gender (Supplementary [S] S1 Table) [21,23]. The probability 
of entering the absorbing state of the Markov model was 
calculated based on the Italian life tables [26].

Consistent with the nature of the disease, the Markov 
model did not allow backward transitions from more to less 
severe OAG/OHT stages.

The half-cycle correction and a 3% real social discount rate 
were applied to costs, life-year saved (LYS), and Quality- 
Adjusted Life Years (QALYs) [19–23,31,32]. The real social dis
count rate was set at 0% and 5% in one-way sensitivity ana
lysis (OWSA) [19–23, 31, 32].

The annual number of current and future OAG/OHT patients 
expected to be eligible to STN1013001 (20,000 per year during an 
assumed 5-year useful life of STN1013001 or 100,000 undiscounted 
patients in total) for Value of Information Analysis (VOIA) [23,33] 
was also discounted at 3% per year [31,32].

2.2. Data collection

As the study population differed from the one considered in 
this research and no economic evaluation was planned along
side the 3-month Phase 2 trial comparing STN1013001 vs. 
Latanoprost [15], the Markov model-supported CUA mainly 
relied on glaucoma specialists judgment.

Experts opinion can be elicited via different methods [34,35]. 
According to the literature [34], a convenience sample [28] of 5 
experts was considered too small for a Delphi panel to be feasible. 
Therefore, a questionnaire aimed at data collection was developed 
and sent out by e-mail to the glaucoma experts separately 
between July-September 2020, along with the STN1013001 target 
product profile. The STN1013001 target product profile reported 
on the Novasorb® technology [14], along with the therapeutic 
indication (OAG/OHT + concomitant OSD), daily posology (one 
drop per eye) and efficacy [15] of this innovative latanoprost 
cationic emulsion formulation.

Upon their validation of both the research tools [34], 
ophthalmologists were requested to fill in the questionnaire 
according to their experience [35] (for Latanoprost) and target 
product profile (for STN1013001).

The questionnaire aimed at collecting the following OAG/ 
OHT stage-specific data across a 5-year time horizon: patient 
anagraphics; annual probabilities of remaining in the same 
health state or transitioning to a more severe one; annual 
adherence probabilities to STN1013001 or Latanoprost mono
therapy; potential add-on therapies and probabilities of their

prescription in case of insufficient IOP control with the mono
therapies under comparison; volume of other healthcare 
resource and probabilities of their consumption (e.g. medica
tions, tests and specialist visits for diagnosis, management and 
follow-up of OAG/OHT and concomitant OSD); utilities.

All questionnaires were returned completed. When needed, 
follow-up teleconferences were scheduled with the experts for 
clarifications.

The parameters that populated the Markov model were 
calculated based on the weighted average of the data pro
vided by glaucoma experts, the weight being the estimated 
annual number of patients eligible to STN1013001 and 
Latanoprost for each OAG/OHT stages (Table 1).

The annual probability of concomitant OSD was the only 
parameter derived from the Phase 2 trial comparing 
STN1013001 to Latanoprost [15].

The 3-month reduction on eye dryness (STN1013001: 0.350 vs. 
Latanoprost: 0.420; p > 0.05) [15] was considered by ophthalmol
ogists as a reasonable proxy for the 3-month probability of con
comitant OSD in the two hypothetical cohorts of patients. The 
annual probability of concomitant OSD (STN1013001: 0.762 vs. 
Latanoprost: 0.837; p > 0.05) was calculated converting the afore
mentioned 3-month probability over a 12-month timespan assum
ing a fixed rate with respect to time [23].

As the Markov model-supported CUA did not require patients 
enrollment [21,23], no Ethics Committee approval of the question
naire was required by the current Italian legislation [36].

2.3. Utility, disutility and QALYs

No OAG/OHT utilities were available for the Italian setting at 
the time this research was performed. Therefore, following 
a previous CUA comparing two POAG surgical procedures 
that adopted the INHS viewpoint [37], utility values were 
retrieved from a Dutch study (OAG/OHT stages 0 and 5) [38] 
or elicited from the experts (OAG/OHT stages 1–4) according 
to their opinion about the expected difference in annual 
adherence to STN1013001 or Latanoprost monotherapy 
(Table 1).

The utility for death was set at 0 for both the hypothetical 
cohorts of patients [19,20].

OSD-related disutility, which was derived from literature 
[39], was assumed to be the same for both STN1013001 and 
Latanoprost notional patients (Table 1).

QALYs were calculated based on LYS, OAG/OHT stage- 
specific utilities and OSD-related disutility.

2.4. Cost

Consistent with the CUA perspective, only INHS-funded 
healthcare resources were valued (Table 1). OSD-related med
ications, such as preservative-free lubricants/artificial tears, 
were therefore not included in the model, as these are not 
funded by the INHS but paid out of pocket by patients. 
Likewise, drug administration was not costed as all medica
tions are self-administered by patients.

In addition, healthcare resources did not include non- 
pharmacological treatments (i.e. surgical or laser procedures) for
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two different reasons. First, the main goal of this research was to 
compare STN1013001 and Latanoprost in terms of costs and 
QALYs. In addition, according to experts opinion, during the 
5-year timespan the probability of undergoing surgery or laser 
procedures was not expected to differ between the two 
monotherapies.

On average, one pack of STN1013001 and Latanoprost was 
assumed to last 30 and 28 days, respectively [40,45].

Add-on therapies, such as timolol, to be prescribed in case of 
insufficient IOP control on STN1013001 or Latanoprost mono
therapy, were assumed to cover, on average, 29 days of 
treatment.

Table 1. Base case analysis – Methods – Unit cost for healthcare resources, utility and disutility values (Costs in €2020).

Model main items Point estimate (95% CI)a,b Source

OAG/OHT stages 0–5

Drugs

Medicationsc,d

STN1013001 €0.30 Santen GmbH, 2020
Latanoprost €0.21 [41,42]

Add-on therapiesd,e

Acetazolamide €0.17 [41,42]
Brimonidine €0.18 [41,42]
Brinzolamide + brimonidine €0.41 [41,42]
Dorzolamide €0.16 [41,42]
Timolol €0.18 [41,42]
Timolol + brimonidine €0.19 [41,42]
Timolol + dorzolamide €0.22 [41,42]

Healthcare procedures

Breakup time test €44.20 (€35.54;€52.86) [44] (Code: 09.19)
Diurnal curve of intraocular pressure measurement €13.94 

(€11.21;€16.67)
[43] (Code: 89.11)

Gonioscopy €7.75 
(€6.23;€9.27)

[43] (Code: 95.26)

Optical coherence tomography retinal nerve fiber layer €35.30 
(€28.38;€42.22)

[43] (Code: 95.03.3)

Pachimetry €38.73 
(€31.14;€46.32)

[43] (Code: 95.13.1)

Retinal nerve fiber thickness assessment €15.49 
(€12.45;€18.53)

[43] (Code: 95.14)

Slit lamp examination €30.99 
(€24.92;€37.06)

[43] (Code: 95.13.2)

Tonometry €13.94 
(€11.21;€16.67)

[43] (Code: 89.11)

Visual field test €16.78 
(€13.49;€20.07)

[43] (Code: 95.05)

Specialist visits

Ophthalmologist €20.66 (€16.61;€24.71) [43] (Code: 89.7)
Optometrist €20.66 (€16.61;€24.71) [43] (Elaborated on Code: 89.7)

Utility and disutility valuesf STN1013001g Latanoprosth

OAG/OHT stage 0 0.900 
(0.857;0.936)

0.900 
(0.855;0.938)

[38]

OAG/OHT stage 1 0.892 
(0.851;0.927)

0.877 
(0.832;0.915)

Experts opinion

OAG/OHT stage 2 0.879 
(0.841;0.913)

0.846 
(0.804;0.884)

Experts opinion

OAG/OHT stage 3 0.876 
(0.839;0.908)

0.836 
(0.795;0.873)

Experts opinion

OAG/OHT stage 4 0.832 
(0.792;0.869)

0.800 
(0.756;0.840)

Experts opinion

OAG/OHT stage 5 0.790 
(0.737;0.838)

0.790 
(0.739;0.837)

[38]

OSD-related disutility −0.120 
(−0.231;-0.045)

−0.120 
(−0.231;-0.045)

[39]

Death 0.000 (-) 0.000 (-) [19,20]

Abbreviations: CI, confidence interval; IOP, intraocular pressure; OAG/OHT, open angle glaucoma/ocular hypertension; OSD, ocular surface disease. 
a95% CI was calculated assuming a Normal probability distribution [22,23]. 
b95% CI was not calculated for the unit cost of drugs since they are exogenous variables [22]. 
cMedications refer to STN1013001 and Latanoprost only. 
dCost per diem calculated on ex-factory price. 
eAdd-on therapies prescribed in addition to STN1013001 or Latanoprost due to poor IOP control. 
f95% CI for utility and disutility values was calculated assuming a Beta and a Gamma probability distribution, respectively [22,23]. 
gAnnual number of expected patients on STN1013001 or Latanoprost stratified by OAG/OHT stage according to experts opinion (female %): 0 = 222 (43.56%); 

1 = 253 (44.19%); 2 = 313 (44.55%); 3 = 348 (44.83%); 4 = 358 (39.51%); 5 = 248 (40.30%). 
hAnnual number of expected patients on STN1013001 or Latanoprost stratified by OAG/OHT stage according to experts opinion (female %): 0 = 200 (43.25%); 

1 = 240 (44.58%); 2 = 310 (45.48%); 3 = 345 (44.93%); 4 = 350 (40.57%); 5 = 265 (41.89%). 
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The unit cost per diem for STN1013001 was calculated 
based on its estimated ex-factory price provided by Santen.

The daily unit cost for Latanoprost was calculated based on the 
ex-factory price, obtained from the Agenzia Italiana del Farmaco 
(The Italian Medicines Agency) (November 2020) [41], of all branded 
and generic latanoprost formulations available on the Italian market, 
weighted for their current market share, as per IQVIA MIDAS Sales 
data to moving annual total third quarter of 2020 [42].

The same approach and sources were adopted to calculate 
the unit costs per diem of add-on therapies.

Tests and specialist visits for OAG/OHT diagnosis, follow-up 
and OSD management were valued at the current INHS or 
regional tariffs for outpatient healthcare procedures [43,44], 
which were assumed to represent fair proxies for the actual 
costs borne by the healthcare facilities to provide those 
healthcare services [46] (Table 1).

Costs were expressed in €2020 values.

2.5. Statistical analysis

Mean and standard deviation (SD) were reported for notional 
patients in each one of the seven health states included in the 
Markov model.

A theoretical probability distribution was assigned to the 
majority of the parameters that populated the Markov model 
(700/1019 = 68.69%) [22,23].

The Beta distribution was fitted to most binomial data (e.g. 
probabilities of undergoing tests), as well as OAG/OHT stage- 
specific utility values.

Multinomial data, such as transition probabilities from less 
severe to more severe OAG/OHT stages, were assigned 
a Dirichlet distribution.

Volume of healthcare resource consumption (if different 
from drugs) and OSD-related disutility were modeled via 
a Gamma distribution.

The Normal distribution was fitted to the unit cost of 
healthcare resources different from drugs.

Being set by national medicines agencies [31] or local 
guidelines [32], drug costs and posology, as well as the real 
social discount rate, were not assigned a theoretical probabil
ity distribution, since they are not uncertain [22].

A parametric 95% confidence interval (95% CI) was calculated 
for all the Markov model inputs that were assigned a statistical 
distribution. The 95% CIs for incremental cost (ΔC), LYS (ΔLYs), 
QALYs (ΔQALYs), monotherapies adherence probabilities and 
probabilities of undergoing tests and specialist visits for diagno
sis, management and follow-up, as well as for OSD management, 
were calculated via the percentile method [22].

As far as the construction of the 95% CIs is concerned, the 
standard error (SE) of the mean was calculated based on the 
number of patients in each OAG/OHT stage expected to be on 
STN1013001 or Latanoprost each year according to experts 
opinion (Table 1 and S1 Table).

Whenever the SE could not be calculated from the data 
collected, it was determined by imposing a coefficient of 
variation on the parameter sample estimate [22,47].

For parameters that were not assigned a theoretical prob
ability distribution, a range was reported.

2.6. Sensitivity analyses

2.6.1. One-way sensitivity analysis
In OWSA, the 1019 parameters were changed one at a time by 
replacing their point estimate with the bounds of their 95% CI 
or range, while the remaining parameters were kept at their 
baseline values [19,20].

2.6.2. Probabilistic sensitivity analysis
Since varying each single parameter across its bounds may 
have a limited impact on the base case ICUR, a probabilistic 
sensitivity analyses (PSA) explored the joint uncertainty sur
rounding the baseline estimate of the parameters via a 10,000- 
iteration Monte Carlo simulation [19,20,22,23].

During each Monte Carlo trial, a random value for each para
meter that was given a statistical distribution was drawn 
[19,20,22,23].

The cost-effectiveness plane [48] presented the ΔC and ΔQALYs 
pairs obtained from the PSA. The non-parametric Cost- 
Effectiveness Acceptability Curve (CEAC) and the Cost- 
Effectiveness Acceptability Frontier (CEAF) were derived from the 
PSA results via the Net Monetary Benefit (NMB) [19,20,22,23,49– 
51]. CEAC and CEAF showed the probability that the healthcare 
program under investigation is cost-effective (CEAC) or optimal 
(CEAF) vs. the comparator(s), against the unofficial acceptability 
range (€25,000-€40,000) for incremental LYS or QALY gained pro
posed for Italy by the Italian Association of Health Economists 
(AIES) [31].

2.6.3. Scenario sensitivity analysis
The uncertainty surrounding the baseline findings was further 
investigated via two scenario sensitivity analyses (SSA) [19,20].

Time horizon may be a source of uncertainty for early decision 
models [17]. Therefore, a first SSA tested whether variations in 
the timespan of the Markov model (from 1 up to 19 years) 
changed the base case cost-effectiveness ranking of the two 
monotherapies under comparison due to discounting, increasing 
fraction of notional patients progressed to the absorbing state 
and non-linear relationships among parameters [23].

A second SSA explored the structural uncertainty [19,20] 
concerning three parameters that potentially played a relevant 
role in driving the baseline ICUR, that is the annual probability of 
concomitant OSD for notional patients on STN1013001 or 
Latanoprost and the OSD-related disutility. A set of assumptions 
was applied to the annual probability of concomitant OSD: no 
concomitant OSD for both the hypothetical cohorts of patients; 
notional patients on STN1013001 or Latanoprost sharing the 
same annual probability of concomitant OSD; reverse annual 
probability of concomitant OSD between the two monothera
pies. Eventually, OSD-related disutility was set at 0.
Consistent with the literature on structural uncertainty [19], 
a PSA (10,000 Monte Carlo iterations) was performed for each 
assumption included in the second SSA.

2.7. Value of information analysis

Regulatory agencies and health technology assessment bodies 
decide whether a given healthcare technology should be
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reimbursed given the current information or whether further 
evidence is required to fund its adoption [23,33].

In order to investigate the necessity and the potential cost- 
effectiveness of future research on CUA results, a VOIA was 
performed [23,33].

VOIA included the expected value of perfect information (EVPI) 
and the EVPI calculated on the 10 most uncertain parameters 
(EVPPI) for both medications among those which were given 
a theoretical probability distribution (OAG/OHT stage-specific uti
lities and OSD-related disutility; unit cost for healthcare resources 
different from drugs; transition probabilities to OAG/OHT stages or 
death; probabilities of being classified as OAG/OHT stage 0–5 at 
diagnosis; annual adherence probabilities to monotherapies; 
annual probability of concomitant OSD, probabilities of under
going diagnostic, follow-up and OSD-related tests and visits).

While the EVPI was calculated via 10,000 Monte Carlo itera
tions, due to computational expense the number of Monte 
Carlo iterations for EVPPI calculation was reduced (outer loop: 
200; inner loop: 100) [23].

EVPI and EVPPI functions were scaled up to a population of 
94,342 patients (i.e. 100,000 in total over 5 years discounted at 
3%) [23,31–33] and contrasted against €0-€40,000 threshold 
values, that includes the aforementioned informal acceptability 
range for the ICUR (€25,000-€40,000) suggested by AIES [31].

3. Results

3.1. Markov model

Both the hypothetical cohorts of patients were assumed to 
enter the Markov model in OAG/OHT stage 0 at 57.60 years of 
age (range: 33.00;82.00) (S2 Table).

During the 5-year time horizon, the Markov model traces of 
both the hypothetical cohorts of patients are similar (Table 2), 
with a relevant share of the notional patients remaining in 
OAG/OHT stage 0 (STN1013001: mean: 440; SD: 324; 
Latanoprost: mean: 429; SD: 329) and a negligible number of 
notional patients who progress to OAG/OHT stage 5 
(STN1013001: mean: 34; SD: 28; Latanoprost: mean: 37; SD: 31).

All-cause mortality is identical (STN1013001: mean: 240; SD: 
170; Latanoprost: mean: 241; SD: 171).

Across all disease stages treatment adherence is similar for 
STN1013001 and Latanoprost (S3 Table).

3.2. Base case analysis

3.2.1. Healthcare resources consumption – Diagnosis
Most notional patients receive at least three ophthalmologist 
visits for the diagnosis of OAG/OHT (STN1013001: 99.55%; 
mean: 4.15; 95% CI: 3.08;5.38; Latanoprost: 97.50%; mean: 
3.95; 95% CI: 2.93;5.12) (S4 Table) and four tonometries 
(STN1013001: 100.00% notional patients; mean: 5.06; 95% CI: 
3.91;6.36; Latanoprost: 99.95%; mean: 4.90; 95% CI: 3.90;6.01).

3.2.2. Healthcare resources consumption – Add-on 
therapies and follow-up
The annual probability of ≥1 add-on therapies to lower IOP in 
case this is not sufficiently controlled with STN1013001 or 
Latanoprost monotherapy, varies from 20% to 95% for OAG/ 
OHT stages 0 and 5, respectively (S5 Table). Timolol (ranging 
from 85% to 60% in OAG/OHT stage 0 and 2, respectively) and 
timolol+dorzolamide (40% in OAG/OHT stages 3–5) are the 
most prescribed add-on therapies.

Table 2. Base case analysis – Results – Markov trace – Hypothetical cohorts of patients on STN1013001 and on Latanoprost (Costs in €2020).

STN1013001

Year

Markov states Cumulative results

Dead
OAG/OHT  
stage 0a

OAG/OHT 
stage 1

OAG/OHT 
stage 2

OAG/OHT 
stage 3

OAG/OHT 
stage 4

OAG/OHT 
stage 5 Total Cost LYS QALYs

0 0 1000 0 0 0 0 0 1000 0 0 0
1 121 614 141 68 30 16 11 1000 €704.61 0.940 0.625
2 198 419 173 99 53 33 25 1000 €1060.58 1.756 1.088
3 284 285 167 108 68 47 41 1000 €1377.04 2.472 1.493
4 374 192 144 104 73 55 58 1000 €1648.63 3.086 1.815
5 464 129 116 92 70 58 71 1000 €1878.89 3.603 2.080

Mean number (SD) of OAG/OHT notional patients in each Markov state during a 5-year time horizon [%]

240 (170) 
[23.99%]

440 (324) 
[43.98%]

123 (64) 
[12.34%]

79 (41) 
[43.98%]

49 (29) 
[4.88%]

35 (23) 
[3.49%]

34 (28) 
[3.44%]

1000 (-) 
[100.00%]

Latanoprost

Year Markov states Cumulative results

Dead
OAG/OHT 

stage 0a
OAG/OHT 

stage 1
OAG/OHT 

stage 2
OAG/OHT 

stage 3
OAG/OHT 

stage 4
OAG/OHT 

stage 5 Total Cost LYS QALYs

0 0 1000 0 0 0 0 0 1000 0 0 0
1 121 601 150 71 29 18 11 1000 €671.76 0.940 0.598
2 199 404 179 102 53 37 26 1000 €1017.49 1.755 1.043
3 285 270 169 111 68 53 45 1000 €1326,38 2.470 1.430
4 376 179 142 105 72 63 63 1000 €1593.77 3.082 1.738
5 467 118 111 91 69 65 79 1000 €1821.29 3.596 1.991

Mean number (SD) of OAG/OHT notional patients in each Markov state during a 5-year time horizon [%]

241 (171) 
[24.14%]

429 (329) 
[42.86%]

125 (66) 
[12.53%]

80 (42) 
[7.98%]

48 (29) 
[4.84%]

39 (26) 
[3.93%]

37 (31) 
[3.72%]

1000 (-) 
[100.00%]

Abbreviations: LYS, life-year saved; OAG/OHT, open-angle glaucoma/ocular hypertension; QALYs, quality-adjusted life years; SD, standard deviation. 
aNotional patients are assumed to enter the Markov model at OAG/OHT stage 0. 
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In all the OAG/OHT stages, tonometry is the most frequent 
follow-up test (STN1013001 notional patients: from 99.91% 
(stage 0) to 99.88% (stage 5); Latanoprost notional patients: 
from 99.50% (stage 0) to 99.87% (stage 5)) (S6 Table).

Both hypothetical cohorts of patients have a similar prob
ability of OAG/OHT follow-up visits with the ophthalmologist 
(STN1013001: 59.68% (stage 3) to 90.81% (stage 0); 
Latanoprost: 58.55% (stage 3) to 89.00% (stage 0)).

3.2.3. Healthcare resources consumption – OSD 
management
Across OAG/OHT stages 1–5, patients in the STN1013001 
hypothetical cohort have a lower chance of requiring a tear 
film breakup time test for the management of OSD vs. 
Latanoprost, varying from −2.98% (95% CI: −5.65%;-0.92%) in 
OAG/OHT stage 1 to −8.21% (95% CI: −12.03%;-4.80%) in OAG/ 
OHT stage 5, respectively (S7 Table).

Additionally, in OAG/OHT stages 2–4 STN1013001 notional 
patients are less likely to undergo an optometrist assessment 
compared to those on Latanoprost. This difference ranges 
from −3.58% (95% CI: −6.07%;-1.60%) in OAG/OHT stage 2 to 
−1.93% (95% CI: −3.72%;-0.57%) in OAG/OHT stage 4.

Across all disease stages, slit lamp examination is the most 
frequently used test for OSD management (STN1013001: from 
81.99% (stage 0) to 94.11% (stage 5); Latanoprost: from 
85.50% (Stage 0) to 97.74% (stage 5)).

Notional patients on STN1013001 and Latanoprost have 
a similar probability to be referred to an ophthalmologist for 
the management of OSD (STN1013001: from 55.44% (stage 5) 
to 70.00% (stage 0); Latanoprost: from 55.44% (stage 4) to 
69.50% (stage 0)).

3.2.4. Cost-utility analysis
The Markov model-supported CUA predicts STN1013001 to 
have the potential to be highly cost-effective vs. Latanoprost. 
The ICUR of €647.65 per QALY, resulting from an incremental

cost of €57.60 divided by an incremental QALY gain of 0.089, 
falls well below the lower limit of the unofficial acceptability 
range (€25,000-€40,000) proposed for Italy by AIES [30].

Over the 5-year time horizon, the mean cost per notional 
patient is similar for STN1013001 and Latanoprost (€1878.89 
vs. €1821.29; ΔC STN1013001: €57.60; 95% CI: -€67.26;€188.60) 
(Table 3). For both the hypothetical cohorts of patients, the 
cost-drivers are add-on therapies and the healthcare resources 
consumed during follow-up (STN1013001: 50.52%; 
Latanoprost: 52.33%).

Higher cost for OAG/OHT monotherapy incurred by 
notional patients on STN1013001 vs. notional Latanoprost 
patients (difference: €89.27; 95% CI: €82.43;€99.00) is partially 
offset by lower costs for the management of OSD compared 
to their Latanoprost counterparts (difference: -€42.47; 95% CI: 
-€87.84;-€1.72).

After 5 years, both hypothetical cohorts of patients total 
similar LYS (3.603 vs. 3.596; ΔLYS STN1013001: 0.006; 95% CI: 
−0.066;0.087), and QALYs (2.080 vs. 1.991; ΔQALYs 
STN1013001: 0.089; 95% CI: −0.028;0.207) (Table 3). The statis
tically insignificant 5-year incremental LYS gain for 
STN1013001 is due to a small difference in the percentage of 
female notional patients in OAG/OHT stage 0 as reported by 
experts (43.56% vs. 43.25% for STN1013001 and Latanoprost, 
respectively) (Table 1). The female advantage in life expec
tancy [26] carries over its negligible effect for STN1013001 
from year 1 to year 5 (Tables 2-3).

The progression of cumulated costs, LYS and QALYs during 
the 5-year timespan is also comparable between the two 
monotherapies (Table 2).

3.3. Sensitivity analyses

3.3.1. One-way sensitivity analysis
Most of the OWSA results confirm that STN1013001 is highly 
cost-effective vs. Latanoprost. OWSA shows that the base case

Table 3. Base case analysis – Results – Costs per patient and cost-utility analysis (€2020).

Items STN1013001 (%) Latanoprost (%) Difference (%) [95% CI]a,b

INHS viewpoint

Cost

Diagnosis €289.13 (15.39) €274.29 (15.06) €14.84 (25.76) 
[-€39.93;€70.09]

Medicationsc €287.86 (15.32) €198.60 (10.90) €89.27 (154.98) [€82.43;€99.00]
Add-on therapies and follow-up €949.12 (50.52) €953.16 (52.33) -€4.04 (−7.01) 

[-€109.30;€113.62]
OSD management €352.78 (18.78) €395.25 (21.70) -€42.47 (−173.73) 

[-€87.84;-€1.72]
Overall €1878.89 

(100.00)
€1821.29 

(100.00)
€57.60 (100.00) 
[-€67.26;€188.60]

LYS and QALYs

LYS 3.603 3.596 0.006 [−0.066;0.087]
QALYs 2.080 1.991 0.089 [−0.028;0.207]

Cost-utility analysis

Incremental costs (ΔC) €57.60
Incremental QALYs (ΔQALYs) 0.089
ICUR (ΔC/ΔQALYs) €647.65 (NE sector of the cost-effectiveness plane)

Abbreviations: CI, confidence interval; INHS, Italian national health service; ICUR, incremental cost-utility ratio; LYS, life-year saved; NE, 
north- east; OAG/OHT, open angle glaucoma/ocular hypertension; OSD = ocular surface disease; QALYs = quality-adjusted life years. 

a(STN1013001 – Latanoprost). 
b95% CI was calculated via the percentile method [22]. 
cMedications refer to STN1013001 and Latanoprost only. 
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ICUR appears most sensitive to changes in age for notional 
patients on Latanoprost across disease stages 0–4 and utility 
values for notional patients on STN1013001 (OAG/OHT 
stage 0) (Figure 2). Furthermore, OWSA proves the baseline 
ICUR to be robust to variations in the annual probability of 
concomitant OSD and OSD-related disutility, as well as in the 
real social discount rate for costs, LYS and QALYs.

3.3.2. Probabilistic sensitivity analysis
STN1013001 has 16.35% likelihood of being strongly dominant 
(i.e. less costly and more effective) than Latanoprost (Figure 3). 
The probability for STN1013001 to be cost-effective reaches 
93.01% and 93.18% at the bounds of the informal willingness-

to-pay (WTP) range (€25,000-€40,000) as suggested by AIES for 
the Italian setting [31] (Figure 4). The CEAF highlights that 
STN1013001 is the optimal alternative (i.e. the healthcare 
program with the highest expected average NMB) from 
a WTP of €800.80 onwards (Figure 4).

3.3.3. Scenario sensitivity analysis
The first SSA shows a progressive, time-dependent decreasing 
ICUR. STN1013001 remains always cost-effective, with the cost 
per ΔQALY falling well below the lower bound of the informal 
acceptability range (€25,000-€40,000) suggested by AIES [31] 
(Table 4). From year 10 onwards STN1013001 proves to be 
strongly dominant vs. Latanoprost.

Figure 2. One-way sensitivity analysis - Results concerning the first 10 parameters of the Markov model that causes the widest variation in base case ICUR 
STN1013001 (€647.65; NE sector of the cost-effectiveness plane) (€2020).a Abbreviations: ICUR, incremental cost-utility ratio; LL 95% CI, lower limit 95% 
confidenceinterval; NE, north-east; OAG/OHT, open angle glaucoma/ocular hypertension; UL 95% CI, upper limit 95% confidence interval. aY and X-axes intersect 
at the baseline ICUR.
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The second SSA confirms the cost-effectiveness of 
STN1013001 even under conservative assumptions concerning 
OSD (Table 5).

Assuming no OSD-related disutility has a negligible effect 
on the baseline ICUR (+28.88%) as well as on the probability 
for STN1013001 to be cost-effective (86.91% and 87.24% for 
a WTP of €25,000 and €40,000, respectively) or optimal 
(55.26% from a WTP of €1001 onwards) (Table 5). These

findings are explained by a reduction in the base case 
ΔQALYs (−22.47%).

Reversing the annual probabilities of concomitant OSD 
between STN1013001 and Latanoprost causes the widest var
iation in the base case ICUR (+370.07%). This result is due to 
a remarkable increase in ΔC (+121.79%) driven by a reduction 
in cost-savings for OSD management with STN1013001 
(−165.17%), and diminished ΔQALYs (−52.81%). Yet,

Figure 3. Probabilistic sensitivity analysis- I - Cost-effectiveness plane (10,000 out of 10,000 Monte Carlo iterationsreported) (€2020).a,b Abbreviations: ΔC, 
incrementalcost; ΔQALYs,incremental quality-adjusted life years; ICUR, incremental cost-utility ratio; NE, north-east; NW, north-west; SE, south-east; SW, south- 
west. aBase caseICUR STN1013001: €647.65; NE sector of the cost-effectiveness plane. bNumber of Monte Carlo iterations (%) for each sector of the cost-effectiveness 
plane: NE=7721 (77.21%); NW=498 (4.98%); SW=146 (1.46%); SE=1635 (16.35%).

Figure 4. Probabilistic sensitivity analysis - II - Cost-effectiveness acceptability curve and frontier (1000 out of 1000 threshold values reported) (€2020).a,b,c 

Abbreviations: CEAC,cost-effectiveness acceptability curve; CEAF,cost-effectiveness acceptability frontier; ICUR, incremental cost-utility ratio; NE, north-east; NMB, 
net monetary benefit; WTP, willingness-to-pay. aBase case ICUR STN1013001: €647.65; NE sector of the cost-effectiveness plane. bThe dotted line represents the 
CEAF. cCEAF shows that Latanoprost has the highest expected NMB up to a WTP <€800.80 and a decreasing probabilityof being optimal; STN1013001 has the 
highest expected NMB from a WTP ≥€800.80 and an increasing probability of being optimal.
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Table 4. Scenario sensitivity analyses – I – Results (€2020).

Items
ICUR (ΔC/ΔQALYs)  
STN1013001

Δ vs. baseline CUA 
(%)

Sector of the cost- effectiveness 
plane

INHS viewpoint

Cost-utility analysis – Base case €647.65 0.00% NE

Cost-utility analysis – Scenario sensitivity analysis – Markov model time horizon

Markov model time horizon = 1 year €1256.30 +93.98% NE
Markov model time horizon = 2 years €958.81 +48.04% NE
Markov model time horizon = 3 years €799.06 +23.38% NE
Markov model time horizon = 4 years €711.73 +9.89% NE
Markov model time horizon = 5 yearsa €647.65 0.00% NE
Markov model time horizon = 6 years €391.38 −39.57% NE
Markov model time horizon = 7 years €211.16 −67.40% NE
Markov model time horizon = 8 years €86.43 −86.65% NE
Markov model time horizon = 9 years €2.43 −99.62% NE
Markov model time horizon = 10–19 yearsb STN1013001 is strongly dominant (ΔC<0; 

ΔQALYs>0)
- SE

Abbreviations: CUA, cost-utility analysis; ΔC, incremental cost; ΔQALYs, incremental quality-adjusted life years; ICUR, incremental cost-utility ratio; INHS, Italian 
national health service; NE, North-East; SE, South-East. 

aBase case ICUR. 
bFrom year 20 onwards, no notional patient on STN1013001 or Latanoprost is expected to be still alive. 

Table 5. Scenario sensitivity analyses – II – Results (€2020).

Items

INHS viewpoint Cost difference for STN1013001

Cost-utility analysis – Base case analysis

Diagnosis Medications

Add-on 
therapies and 

follow-up
OSD 

management ΔCa ΔQALYs

ICUR 
STN1013001 
(ΔC/ΔQALYs)

Sector of the cost- 
effectiveness 

plane

€14.84 €89.27 -€4.04 -€42.47 €57.60 0.089 €647.65 NE

Cost-utility analysis – Scenario sensitivity analysis – Annual probability of concomitant OSD and OSD-related disutility

Deterministic

No concomitant OSD for both 
monotherapies

€14.84 €89.27 -€4.04 €0.00 €100.07 0.069 €1450.11 NE

Δ vs. baseline CUA (%) 0.00% 0.00% 0.00% −100.00% +73.73% −22.47% +123.90%

Annual probability of concomitant OSD 
Latanoprost for both monotherapies

€14.84 €89.27 -€4.04 -€7.67 €92.40 0.065 €1416.39 NE

Δ vs. baseline CUA (%) 0.00% 0.00% 0.00% +453.72% +60.42% −26.97% +118.70%

Annual probability of concomitant OSD 
STN1013001 for both monotherapies

€14.84 €89.27 -€4.04 -€6.98 €93.08 0.066 €1419.57 NE

Δ vs. baseline CUA (%) 0.00% 0.00% 0.00% +508.45% +62.85% −25.84% +119.19%

Reverse annual probabilities of 
concomitant OSD between STN1013001 
and Latanoprost

€14.84 €89.27 -€4.04 €27.68 €127.75 0.042 €3044.38 NE

Δ vs. baseline CUA (%) 0.00% 0.00% 0.00% −165.17% +121.79% −52.81% +370.07%

No concomitant OSD-related disutility for 
both monotherapies

€14.84 €89.27 -€4.04 -€42.47 €57.60 0.069 €834.68 NE

Δ vs. baseline CUA (%) 0.00% 0.00% 0.00% 0.00% 0.00% −22.47% +28.88%

Probabilisticb

Probability that STN1013001 is cost-effective Probability that STN1013001 is optimal

Threshold value per ΔQALY gained €25,000 €40,000 from €1001.00 
onwards

from €1601.60 onwards from €3203.20 
onwards

No concomitant OSD for both 
monotherapies

85.83% 86.40% - 53.71% -

Annual probability of concomitant OSD 
Latanoprost for both monotherapies

85.91% 86.35% - 53.86% -

Annual probability of concomitant OSD 
STN1013001 for both monotherapies

86.13% 86.68% - 53.99% -

Reverse annual probabilities of 
concomitant OSD between 
STN1013001and Latanoprost

73.36% 74.37% - - 50.69%

No concomitant OSD-related disutility for 
both monotherapies

86.91% 87.24% 55.26% - -

Abbreviations: CUA, cost-utility analysis; ΔC, incremental cost; ICUR, incremental cost-utility ratio; ΔQALYs, incremental quality-adjusted life years; INHS, Italian 
national health service; NE, North-East; OSD, ocular surface disease; PSA, probabilistic sensitivity analysis. 

aΔC = (Diagnosis + Medications + Add-on therapies and follow-up + OSD management). 
bPSA was calculated via 10,000 Monte Carlo iterations. 
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STN1013001 has a pretty high probability of being cost- 
effective (73.36% and 74.37% for a WTP of €25,000 and 
€40,000, respectively) and optimal (50.69% from a WTP of 
€3203.20 onwards).

The extreme research hypothesis of no OSD for both the 
monotherapies produces an apparent increase in the baseline 
ICUR (+123.90) because of increased ΔC (+73.73%) coupled 
with reduced ΔQALYs (−22.47%). However, the likelihood of 
STN1013001 to be cost-effective (85.83% and 86.40% for 
a WTP of €25,000 and €40,000, respectively) and optimal 
(53.71% from a WTP of €1601.60 onwards) is still relevant.

3.4. Value of information analysis

The EVPI increases for WTP values higher than €8000 and, as 
expected, reaches a local maximum for a threshold value 
(€600.60) that approaches the baseline ICUR (€647.65) 
(Figure 5).

If additional research aimed at reducing the uncertainty 
surrounding the current information costs €0.97 million it is 
potentially cost-effective for WTP values greater than €200.20.

The EVPPI functions highlight that, for most of the para
meters under consideration, further evidence is not expected 
to change INHS decision makers’ opinion about the cost- 
effectiveness of STN1013001 made on the grounds of current 
information.

For 4 out of the 10 parameters included in VOIA (unit cost for 
healthcare resources different from drugs; probability of patients’ 
gender, diagnostic, and OSD-related tests and visits) the EVPPI is

zero regardless of the WTP value. Hence, the existing information 
is sufficient for the INHS to decide to reimburse STN1013001 as 
a cost-effective healthcare program for OAG/OHT+OSD patients.

The EVPPI absolute maxima for 5 parameters (probability of: 
transition to OAG/OHT stages or death; OAG/OHT stage at diag
nosis; adherence to monotherapies; follow-up tests and visits; 
OSD) ranges between €3635 (probabilities of being classified as 
OAG/OHT stage 0–5 at diagnosis) and €0.23 million (probability 
of adherence to monotherapies) for a WTP value of €2000. To 
the right of those turning points the 5 EVPPI functions decline 
and reach zero for threshold values varying between €4000 and 
€8000. These findings prove that, given the current evidence, the 
economic consequences of reimbursing STN1013001 as a cost- 
ineffective alternative (opportunity loss) is totally offset by the 
increasing probability for STN1013001 to be cost-effective at 
WTP values well below the lower limit (€25,000) of the informal 
acceptability range for ICUR recommended for Italy [31].

Eventually, OAG/OHT stage-specific utilities and OSD- 
related disutility EVPPI and population EVPI functions share 
the very same shape and similar results whether to acquire 
further evidence for WTP values greater than €200.20.

4. Discussion

Despite currently available glaucoma therapies [11,12], the 
frequent occurrence of OSD in OAG/OHT patients remains 
a therapeutic challenge. This research suggests that, thanks 
to its innovative technology [13,14], STN1013001 could play 
an important role in managing OSD in OAG/OHT patients and

Figure 5. Value of information analysis - Expected value of perfect information and expectedvalueof parameter perfect information scaled up to a population of 
94,342 patients (i.e., 100,000 in total over 5 years discounted at 3%) (€2020).a,b Abbreviations: AE, adverse events; EVPI, expected value of perfect information; EVPPI, 
expected value of parameter perfect information; FU, follow-up; OAG/OHT, open angle glaucoma/ocular hypertension; OSD, ocular surface disease. aEVPI: 10,000 out 
of 10,000 Monte Carlo iterations reported. bEVPPI: 100 and 200 Monte Carlo iterations reported for the inner and outer loop, respectively.
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help address a significant unmet need in this patient popula
tion in a cost-effective way.

The present study aimed at evaluating the cost-utility of 
STN1013001 vs. Latanoprost in OAG/OHT+OSD patients from 
the INHS perspective via an early Markov model [17–23].

Therefore, our predicted results [17,30] should be re- 
assessed using the data from the currently ongoing Phase III 
trial investigating the comparative efficacy and safety of 
STN1013001 vs. Latanoprost (NCT04133311) [16].

In addition, more research is needed to prove the cost- 
effectiveness profile of STN1013001 in the real-world clinical 
practice via future CUAs carried out alongside empirical trials 
aimed at comparing the two monotherapies.

That said, the base case CUA predicts that, when con
trasted against the informal acceptability range for the ICUR 
(€25,000-€40,000) suggested by AIES [31], STN1013001 has 
the potential to be highly cost-effective vs. Latanoprost 
across a 5-year time horizon. This finding is partly driven by 
the fact that, based on experts opinion, HRQoL was higher 
across disease stages 1–4 in notional patients in the 
STN1013001 cohort compared to their Latanoprost counter
parts. Another important factor contributing to this result 
was the lower probability of developing OSD in notional 
patients on STN1013001 vs. notional Latanoprost patients. 
This finding is in line with previous research, which indicated 
that glaucoma patients suffering from concomitant OSD 
reported significantly lower HRQoL compared to glaucoma 
patients without concomitant OSD [6,9]. This underlines the 
importance of effectively managing OSD in this patient 
population.

Being less likely to develop OSD, notional patients on 
STN1013001 incurred significantly less costs related to the 
management of this concomitant disease vs. notional patients 
on Latanoprost.

The baseline findings were substantively confirmed by 
comprehensive sensitivity analyses. Most of the variations 
included in OWSA support the evidence that the ICUR of 
STN1013001 is far below the lower bound of the unofficial 
WTP range (€25,000) proposed by AIES [31], suggesting that 
STN1013001 is a highly cost-effective treatment option for 
patients suffering from OAG/OHT+OSD vs. Latanoprost in 
Italy. The base case results appeared most sensitive to changes 
in Latanoprost notional patients’ age, as this parameter influ
ences, via age and gender-specific all-cause mortality prob
ability, and half-cycle correction [19–23], both costs and 
QALYs.

Additionally, the CEAF indicates that, for the €25,000- 
€40,000 WTP range [31], INHS healthcare resources misalloca
tion as a result of funding STN1013001 is negligible.

Interestingly, SSA findings confirms that STN101300 has the 
potential to be highly cost-effective and optimal regardless of 
remarkable variations in OSD probability and OSD-related 
disutility.

VOIA findings suggest that collecting further evidence 
might only be cost-effective for OAG/OHT stage-specific utili
ties and OSD-related disutility, also due to the lack of 
researches on this topic for the Italian setting. As recom
mended by the literature [23,33], the expected value of 

sample information along with the expected benefit of sam
pling shall be calculated to investigate whether the upper 
bound on further research placed by the EVPPI exceeds the 
expected cost of sampling to obtain more information on 
OAG/OHT patients’ HRQoL suitable for QALYs calculation.

The shape of the population EVPI and OAG/OHT stage- 
specific utility and OSD-related disutility EVPPI functions are 
consistent with the lack of statistical significance in ΔQALYs 
resulting from the baseline CUA [51]. However, statistical sig
nificance of ΔQALYs (and/or ΔCost) is irrelevant to reimburse
ment decisions, as what matters to decision makers is whether 
current evidence is sufficient or not to fund a given healthcare 
technology [23,33,52,53].

In this respect, most of the VOIA results clearly indicate that 
STN1013001 is to be reimbursed by INHS as a cost-effective 
healthcare technology in the light of existing information 
[23,33,53].

In the literature, two cost-effectiveness analyses (CEAs) that 
compared Latanoprost with other active compounds targeting 
OAG/OHT following the INHS viewpoint were identified [54,55]. 
One study [54] compared Latanoprost to bimatoprost and timo
lol separately, whereas, in the second study, the cost- 
effectiveness of three fixed-dose combination therapies, includ
ing Latanoprost+timolol, was investigated in OAG-patients. Both 
CEAs, adopting relatively short time horizons (3 months [55] and 
1 year [54], respectively), used IOP reduction as the effectiveness 
outcome. Given the chosen comparators and outcome in the 
identified studies, a meaningful comparison of their results with 
those of the present research was not possible.

As part of the multinational health economic study that the 
present study belongs to, the cost-utility of STN1013001 vs. 
Latanoprost has also been investigated in OAG/OHT+OSD 
patients in Germany [24] and France [25] adopting the same 
methodology as the present research.

The French and German CUAs were mainly populated 
based on the input of local glaucoma experts and were cus
tomized to adhere to local unit costs and guidelines for health 
economic evaluation [56,57]. Therefore, country-specific cost
ing approaches made results pooling unfeasible [51].

The distribution of the notional patients across the 6 OAG/ 
OHT stages in both studies was similar to the present one, 
with at least 40% of the hypothetical cohorts remaining in 
OAG/OHT stage 0 over the 5-year time horizon.

STN1013001 proved to be strongly dominant vs. 
Latanoprost (ΔC = -€141.73; ΔQALY = +0.247) in Germany 
[24] and highly cost-effective in France (ΔC = €7.39; 
ΔQALY = +0.348; ICUR = €21.2 per ΔQALY vs. an informal 
WTP range of €30,000-€50,000) [25,57].

These baseline findings were confirmed by PSA. For the 
German setting CEAF showed that STN1013001 was the opti
mal healthcare program regardless of the WTP [24], whereas 
for France the probability for STN1013001 to be the optimal 
healthcare program reached 100% from a WTP = €1000 
onward [25].

Similar to the present study these results were mainly 
driven by the lower probability of OSD that, in turn, caused 
cost-savings for OSD management and higher QALYs for 
STN1013001.

What are the main limitations of this research?
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First, as STN1013001 is currently being investigated in 
a pivotal phase III trial [16], a health economic evaluation based 
on empirical data was not possible. As a consequence, at the 
time of conducting this research, it was unfeasible to incorporate 
disease stage specific utility values in the model that were col
lected directly from patients during a head-to-head clinical trial. 
However, the utility values for stage 0 and 5 were collected from 
a Dutch cross-sectional study including 537 OAG/OHT patients 
and were assumed to be a good alternative [38] due to the 
aforementioned lack of Italian data. For disease stages 1–4, the 
experts opinion of the 5 Italian ophthalmologists included in our 
convenience sample [28], was assumed to be a good proxy for 
patients’ HRQoL, given the experts’ extensive experience with 
and in-depth knowledge of glaucoma.

The extensive use of experts opinion that supported this 
research poses a wider methodological issue on the appropriate
ness of this source of data elicitation for early decision models.

While early assessment of healthcare programs should pave 
the way to later rigorous empirical trials [17,18,58], experts 
opinion is justified due to the temporary lack of evidence, 
provided that a comprehensive set of sensitivity analyses is 
performed to check their robustness [17,58–60] and VOIA is 
carried to prioritize further data collection [18].

In an early decision tree-supported CEA aimed at comparing 
an innovative vascular closure device vs. manual compression in 
managing bleeding complications following revascularization 
procedures, due to the lack of published data a German research 
group elicited from experts the probabilities of treating retro
peritoneal hematomas and performing vascular surgery [60].

In a UK study aimed at calculating the headroom of tissue 
engineering for bladder and urethra, utility values after cysto
plasty were elicited from urologists as they cannot be 
retrieved from literature [61].

However, while the use of experts opinion cannot replace 
empirical data, it can contribute to populating an early decision 
model aimed at predicting the future cost-effectiveness profile 
of the healthcare technology under investigation [17,30].

A second limitation is that country specific OSD-related 
disutility values were unavailable. Hence, a disutility value 
equal to severe DED was applied in the model to reflect the 
loss of HRQoL experienced by OAG/OHT patients suffering 
from concomitant OSD [39].

A small number of inner and outer Monte Carlo iterations 
for EVPPI calculations [23,33] represents the third limitation of 
this research.

5. Conclusion

STN1013001 is potentially a highly cost-effective and strongly 
dominant treatment alternative vs. Latanoprost for OAG/OHT 
+OSD patients from an INHS perspective. These findings 
should be re-assessed in the light of the data from the cur
rently ongoing Phase III trial comparing the efficacy and safety 
of STN1013001 vs. Latanoprost (NCT04133311) [16], and con
firmed by future health economic evaluations carried out 
alongside head-to-head comparisons of STN1013001 vs. 
Latanoprost in real-world clinical practice upon the availability 
of STN1013001 on the Italian market.
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