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ABSTRACT

Introduction: There are several treatment
options for plaque psoriasis (PsO), but uncer-
tainty remains around the optimal sequencing
of treatments. The aims of this study were to
investigate how adopting a best-treatment-first
treatment sequence impacts patient outcomes
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and healthcare systems and to quantify the cost
of treatment failure to the healthcare system.

Methods: A 3-year state-transition treatment-
sequencing model which identifies all possible
treatment sequences in PsO was adapted to the
[talian healthcare setting. Treatments considered
in the model are those with European Medicines
Agency marketing authorization and reimburse-
ment in Italy as of December 2022. Italian mar-
ket share data (2019-2021) and list prices (2022)
informed the current prescribed sequences;
these sequences were compared against all pos-
sible sequences to determine opportunities for
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improvement. Both the national perspective in
Italy as well as the local perspective from seven
regions were considered. The cost of treatment
tailure was informed through a questionnaire
circulated to Italian dermatologists.

Results: Overall, 1284 possible treatment
sequences are possible when four lines of treat-
ment are considered for patients with mod-
erate-to-severe PsO in Italy. Within the esti-
mated range of treatment failures across those
sequences (0.97-2.56 per patient over 3 years),
current prescribing behavior from the national
perspective suggests patients will face 1.44 fail-
ures on average; this highlights the potential for
improvement. For every treatment failure, the
cost borne by the Italian National Healthcare
Service (NHS) is €676.80. Overall, prescribing
more optimized treatment sequences results
in a 22.95% reduction in failures with a 2.27%
increase in costs. The regional analyses found
similar trends.

Conclusions: Results suggest that selecting the
most effective treatment sequences for incident
patients provides the greatest opportunity to
reduce treatment failures and maximize patient
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outcomes with a modest impact on costs. While
regional variations exist, there is room for improve-
ment across the board, which could translate to
more efficient local healthcare systems.

Keywords: Italy; Patient outcomes; Plaque
psoriasis;  Treatment  failures; Treatment
sequences; Treatment-sequencing model

Key Summary Points

Why carry out this study?

There are several treatment options to treat
plaque psoriasis, which may be combined in
several sequences, but the optimal approach
for sequencing treatment is poorly character-
ized.

Furthermore, in a budget-constrained envi-
ronment, prescribing restrictions are often
introduced that only consider the costs of
therapeutics and not the impact on patient
outcomes or the “knock-on” cost and
resource impact on the healthcare system
resulting from restricted prescribing (i.e.,
where the use of effective treatments is disal-
lowed early in the care pathway).

What did the study ask?/What was the hypothesis of the
study?

The study aimed to assess the change in patient
outcomes and healthcare budgets when shifting
treatment prescribing from a cheapest-treat-
ment-first approach to a best-treatment-first
approach for plaque psoriasis in Italy.

What was learned from the study?

Results suggest that selecting the most effec-
tive treatment sequences for incident psoriasis
patients in Italy could reduce treatment failures
by 22.95% with just a 2.27% increase in costs.

If physicians were free to prescribe the most
effective treatments first in moderate-to-
severe psoriasis, despite their cost, important
health gains would be obtained with rela-
tively modest increases in spending.
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INTRODUCTION

Psoriasis is a chronic, relapsing, immune-medi-
ated skin disease. In Europe, the prevalence of
psoriasis ranges from 0.73% in Scotland to 2.9%
in Italy [1], which is roughly equal to 1,500,000
Italians [2].

Plaque psoriasis (PsO) is the most common
type of psoriasis and is characterized by erythe-
matous, scaly plaques that can be localized or
present over extensive areas of the body [2]. The
quality of life of patients may be greatly affected,
with up to 50% experiencing feelings of deep
helplessness and loneliness, increasing their risk
of depression and suicide [3].

Multiple new and effective treatments with
highly favorable safety profiles have achieved
marketing authorization through the European
Medicines Agency (EMA) in the last decade.
In particular, these include biologic therapeu-
tics targeting specific pathways involved in
the pathogenesis of the disease, such as tumor
necrosis factor (TNF), interleukin (IL)-17,
IL-12/23, and IL-23 [4]. However, uncertainty
remains around the optimal sequence of treat-
ments and, crucially, which treatment(s) should
be used first. Despite the many effective and safe
options available, patients are often required
to start with less costly but less effective treat-
ments due to national and/or local treatment
guidelines, which are typically driven by budget
constraints.

The Optimized Patient Treatment Initiative
(OPT-In) model was developed to help inform
decision-making regarding likely optimal treat-
ment sequences for seven immune-mediated
diseases (ankylosing spondylitis, Crohn’s dis-
ease, non-radiographic axial spondyloarthritis,
psoriatic arthritis, plaque psoriasis, rheuma-
toid arthritis, and ulcerative colitis) [5]. For this
manuscript, we focus on PsO within the Italian
setting.

In Italy, there are 20 regions, and each has
the authority to recommend regional treatment
pathways to meet their respective needs in
accordance with reimbursement decisions made
by Agenzia Italiana del Farmaco (AIFA, the Ital-
ian Medicines Agency). In turn, this results in
variability regarding access to treatments across

regions. We therefore aim to investigate how
shifting treatment prescribing from a cheapest-
treatment-first approach to a best-treatment-
first approach can impact patient outcomes and
healthcare budgets nationally for Italy as well as
for seven of its most populous regions: Apulia,
Campania, Lazio, Liguria, Lombardy, Tuscany,
and Veneto.

METHODS

A 3-year state-transition treatment-sequencing
model was developed using the R programming
language to calculate potential effectiveness
improvements and budget reallocation consid-
erations associated with implementing optimal
sequences for seven immunological diseases. The
treatment sequences for each disease included
three or fewer biological or disease-modifying
treatments, followed by best supportive care.
Disease-specific response measures were selected
based on clinical relevance, data availability, and
data quality. Efficacy and treatment persistency
were differentiated between biologic-naive and
-experienced populations, where possible, using
published network meta-analyses (NMAs) and
real-world data, respectively. All possible treat-
ment sequences, based on country-specific reim-
bursement decisions, were simulated.

The detailed methodology, including all effi-
cacy inputs, assumptions, calculations, and sce-
nario analyses due to variations in inputs and
assumptions for the overall model, has been
described in full elsewhere [5-7]. For ease of ref-
erence, the following sections summarize the
model’s objective and a schematic as well as the
overall data inputs and assumptions related to
PsO. This is followed by details of specific data
inputs that are utilized to adapt the model to
Italy and the seven regions in focus. Finally, the
methodology used to estimate the cost of treat-
ment failure in Italy is described.

This study did not involve any human sub-
ject, and no ethical approval was needed due to
the secondary nature of data analysis.
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Overview of the OPT-In Model and PsO Data
Inputs

The approach used to develop this model was
to first estimate the number of sequences that
could be prescribed (due to the variety of treat-
ments available for a given immunological con-
dition) and then estimate the associated range
of efficacy that would be achievable across all
the possible sequences; this range is referred to
as the ‘efficacy variation.” Once this range was
established, the model considered the market
share in a given country to understand where
current prescribing practice is positioned within
the range of possible sequences. This allowed for
an understanding of whether current prescrib-
ing practice was already at an optimal level,
leveraging the most effective treatments first, or
whether there was room for improvement [6].
If room for improvement was identified, the
model estimated the efficacy and cost associated
with the current prescribing practice and com-
pared it to the efficacy and cost associated with
optimized prescribing sequences. The impact of
optimized prescribing on patient outcomes was
measured as the average number of treatment
failures avoided, and the impact on treatment
expenditure was measured based on the differ-
ence in costs (e.g., the budget for therapeutics)
due to the change in prescribing practice (i.e.,
from cheapest treatment first to best treatment
first) [7].

Each treatment sequence included up to three
lines of treatments, followed by best supportive
care. For PsO, due to the large number of availa-
ble treatments with European Medicines Agency
(EMA) marketing authorization, a ‘blended’
fourth line of treatment was implemented in
the sequence. To model the blended line, the
efficacy inputs of all treatments not previously
used in the first, second, or third lines were aver-
aged and applied.

The transitions of patients through the
model are summarized in Fig. 1. Patients were
assumed to remain on treatment for as long as
they responded to therapy, and response was
defined as achieving a 90% improvement in Pso-
riasis Area and Severity Index score compared to
baseline (PASI 90). In accordance with previous

modeling in PsO, each treatment line is defined
by two treatment phases: (i) induction as the
starting period of treatment and (ii) a mainte-
nance regimen from the end of the induction
period until treatment failure. In alignment
with clinical preference and systematic litera-
ture review findings, the PsO NMA was based on
response data from the induction period; for the
remaining time horizon of the model (the dura-
tion beyond the induction phase), published
discontinuation and persistency data were used.
The data are summarized in Table 1.

We wished to investigate whether current
prescribing practice in Italy was already at an
optimal level, and, if current prescribing prac-
tice in Italy was not at an optimal level, we also
wanted to determine the impact of optimized
prescribing on patient outcomes and expendi-
ture on therapeutics. To do this, Italian inputs
were required. These are presented below.

Data Inputs for Italian Adaptation

To adapt this model to the Italian setting, five
categories of Italian-specific data were required
(Table 2).

These inputs are summarized in Tables 3, 4,
and 5 and Fig. 2.

Cost of Treatment Failure in Italy

The cost associated with a patient failing PsO
treatment (cost of switching) is not widely
understood or well documented. Without this
information, it is difficult to contextualize the
value of avoiding treatment failures through
improved prescribing patterns.

Therefore, to inform this key data input, seven
experts were asked to complete an online ques-
tionnaire aimed at identifying the resources
required to manage a treatment failure. The
experts were Italian dermatologists specifically
approached to represent each of the seven regions
considered in the study. These data, together with
the frequency of use and cost of each resource
required, helped to inform an estimate of the
cost associated with treatment failure. The ques-
tionnaire also gathered data on the average out-
of-pocket expense the experts estimated was
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Fig. 1 Model structure and data implementation. Accord-
ing to the model structure, patients remain on treatment
for as long as they respond to therapy. Each treatment line
is defined by two treatment phases: induction and the
maintenance regimen from the end of the induction period
until treatment failure. The NMA was based on response

incurred by patients (e.g., to purchase the over-
the-counter topical treatments needed to manage
a failure). Table 6 summarizes the information
gathered from the questionnaire.

RESULTS

Efficacy Variation in PsO and Italian
Prescribing Practice

Overall, 1284 possible PsO treatment sequences
were identified after considering EMA approval
and AIFA reimbursement status. Figure 3 shows
the variation in terms of the average number of
failures associated with each sequence, ranging

data from the induction period; for the remaining time
horizon of the model (the duration beyond the induction
phase), published discontinuation and persistency data
were used. HTA health technology assessment, NMA net-
work meta-analysis, RIWE real-world evidence

from the lowest average number of treatment
failures (green) to the highest average number
of failures (red). The most ineffective sequence
would result in a PsO patient facing more than
two treatment failures (2.56) on average over a
3-year period, while the most effective treatment
sequence would result in the patient facing less
than one failure (0.97).

The current prescribing practice for Italy, as
determined by market share data, is mapped
onto the range of efficacy (as a blue triangle) to
assess how current practice compares with the
possible outcomes.

The analysis suggests that current prescribing
practice results in more than one failure (1.44),
on average, in Italy over 3 years. The difference
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Table 2 Italian data to populate the model

Italian-specific data required

Description

1. Treatment positioning in terms of reimbursement and/or

prescribing regulations

2. PsO population size informed by prevalence and incidence

rates

3. Biosimilar displacement rate over the most recent 3-year

period

4. Market share of current treatments over the most recent
3-year period

5. PsO treatment costs

These data inform what treatment sequences are possible in
Italy (and the respective regions), e.g., if a treatment is not
available in Iraly (or in a respective region) from the first

line, no treatment sequence can begin with that treatment

These data inform the magnitude of treatment response

and cost of treatment

These data inform the rate at which biosimilars displace
the originator treatment and are used to extrapolate what
the displacement rate will be for the 3-year model time

horizon

These data inform the current prescribing practice

These data inform the total drug expenditure of both the
current prescribing practice and an optimized prescribing
practice such that the best treatments are prescribed as

carly as possible within the treatment sequence

Table 3 Plaque psoriasis population [12]

Region Italy Apulia Campania  Lazio Liguria Lombardy  Tuscany Veneto
Total popula- 59,236,213 3,933,777 5,624,260 5,730,399 1,518,495 9,981,554 3,692,865 4,869,830
tion (2021)
Prevalence
2019 19,051 1291 2047 2190 487 2401 1130 782
2020 20,797 1254 2411 2127 554 2893 1178 823
2021 24,539 1523 2685 2517 646 3632 1348 1019
Incidence
2019 6706 454 720 771 171 845 398 275
2020 7320 441 849 749 195 1018 414 290
2021 8638 536 945 886 227 1278 475 359

(i-e., the gap) between the blue triangle and the
bottom of the bar represents the opportunity
for improvement; for Italy, this suggests there
is considerable room for improvement from the
perspective of patient outcomes.

Outcomes for current prescribing practice in
the seven regions of Italy considered are pre-
sented along the vertical axis on the right in the
figure and reflect the overall national pattern in
[taly, with the current prescribing practice result-
ing in an average number of treatment failures

A\ Adis
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Table 4 Plaque psoriasis biosimilar displacement rate [13]

Historical rate at Treatments with biosimilar availabil-

which biosimi- ity

lars. disl? la}ced Adalimumab Etanercept Infliximab
their originator (%) (%) (%)

2019 45 56 75

2020 63 64 83

2021 72 67 81

over 3 years ranging from 1.39 to 1.52. Taken
together, these findings indicate that improve-
ments that would benefit patients can be made
across the board.

Optimized Treatment Sequences

To better understand and consider options for
improvement, the current prescribing prac-
tice relative to the 1284 possible treatment
sequences was assessed in greater detail. Fig-
ure 4 plots each of the possible sequences (each
identified by the treatment used as the first line)
according to the efficacy they can achieve based
on a treatment target of PASI 90 versus the aver-
age drug cost associated with each. The point at
which the dotted lines intersect represents the
current prescribing practice for Italy overall (the
blue triangle in Fig. 3).

Figure 4 suggests there are a multitude of
more efficacious treatment sequences to choose
from compared to the current prescribing prac-
tice. Some options—those with similar levels of
efficacy to the current practice—leverage TNF
inhibitors as the first-line treatment within the
sequence; however, more efficacious sequences
leverage IL-17 inhibitors, and the most effica-
cious sequences leverage IL-23 inhibitors as first-
line options.

Table 7 provides greater detail on the most
efficacious treatment sequences by listing the
treatment mechanisms of action (MOAs), by
line of treatment, for the five most effective
sequences and the corresponding average num-
ber of expected failures over a 3-year period.
These results highlight that, in all cases, the

MOAs used in the first-line treatments of the
most efficacious sequences align with the MOA
of the therapy with the best relative response
rates from the literature [manuscript pending
submission]. These results support the adoption
of the most efficacious treatments early in the
treatment pathway and therefore a ‘best-treat-
ment-first’ approach in order to improve patient
outcomes.

In light of these findings, it is important to
consider the impact of a shift from the current
prescribing practice to optimized prescribing on
treatment expenditures. Figure 4 provides a top-
line understanding of treatment costs associated
with various sequences and showcases that more
efficacious options with similar or increased
costs are apparent.

An important additional consideration is the
cost associated with the management of treat-
ment failure. Improved efficacy through opti-
mized prescribing may impact costs due to ear-
lier use of more efficacious treatments compared
to current prescribing; however, cost savings
due to avoiding treatment failures must also be
considered.

The information gathered from the ques-
tionnaire completed by expert dermatologists
resulted in a greater understanding of the key
cost components associated with managing each
treatment failure:

e Cost associated with visits to healthcare pro-
fessionals: €166.17 per failure
e Cost associated with additional laboratory
tests: €89.24 per failure
e Cost associated with additional treatments:
€421.38 per failure.

Therefore, the total cost borne by the Ital-
ian NHS for every treatment failure faced by a
PsO patient is estimated, at a minimum, to be
€676.80 per failure.

Furthermore, the questionnaire highlighted
an additional, often overlooked, cost: out-of-
pocket costs incurred by patients. Based on out-
put from the questionnaire, it was estimated
PsO patients spend €203.90 out of pocket to
purchase over-the-counter topical products per
treatment failure, in addition to the resources

A\ Adis
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Table 5 Plaque psoriasis treatment costs (list price)
Treatment Unit Cost (€)  Dosing References
TNF inhibitor
Adalimumab I: 80 mg at wk 0; M: 40 mg q2w
Humira 40 mg, 2 syringes 964.37 [14]
Amgevita 40 mg, 2 syringes 7715 [15]
Imraldi 40 mg, 2 syringes  684.71 [16]
Hyrimoz 40 mg, 2 syringes  684.71 [17]
Idacio 40 mg, 2 syringes  684.71 (18]
Certolizumab 200 mg, 2 syringes 92055 1:400 mg at wks 0, 2, 4; M: 200 mg q2w [19]
Etanercept 50 mg qlw
Enbrel 50 mg, 4 syringes  921.02 [20]
Benepali 50 mg, 4 syringes 629 [21]
Erelzi 50 mg, 4 syringes 598.66 [22]
Infliximab I: 5 mg/kg BW at wks 0, 2, 6; M: 5 mg/kg BW q8w
Remicade 100 mg vial 463.53 [23]
Inflectra 100 mg vial 386.28 [24]
Remsima 100 mg vial 386.28 [25]
Flixabi 100 mg vial 386.28 [26]
IL12/23 inhibitor
Ustekinumab 45 mg 2,842.88  1:45 (90*) mgat wks 0, 4 M: 45 (90°") mg q12w [27]
IL23 inhibitor
Guselkumab 100 mg 2,062.98  I:100 mgat wks 0, 4; M: 100 mg q8w/q4w* [28]
Risankizumab 150 mg 3,068.5 I: 150 mg at wks 0, 4; M: 150 mg q12w [29]
Tildrakizumab 100 mg 3,11845  I: 100 (200) mgat wks 0, 4 M: 100 (200°) mgql2w  [30]
IL17 inhibitor
Brodalumab 210 mg, 2 syringes  1,10526  I:210 mgat wks 0, 1,2; M: 210 mg q2w [31]
Ixekizumab 80mg, 2syringes  2,0254  I: 160 mgatwk 0+ 80 mgatwks 2,4, 6,8, 10, 12 M:  [32]
80 mg qéw
Secukinumab 300 mg 47381 L:150mgatwks0,1,2,3,4 M: 300 mgq4(2*)w  [33]
Others
Apremilast 30 mg, 56 pills 758.1 30 mg bid [34]

bid twice daily, BW body weight, I induction, IL interleukin, M maintenance, MOA mechanism of action, gXw every X

weeks, TNF tumor necrosis factor

*Dose escalation; ** for BW > 90/100 kg
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Adalimumab
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2% (3% 2%)

Fig.2 PsO treatment market share. Mean market shares
for the period 2019-2021 are presented. The ranges are
shown in parentheses

provided by the Italian NHS. This brings the
total cost, combining NHS and private spend-
ing, to at least €880.69 per failure.

Therefore, the adoption of optimized prescrib-
ing resulting in savings of €676.80 to €880.69
per treatment failure avoided should also be
considered. Current prescribing practice patterns
cost the Italian healthcare system €24,366,675
(3-year time horizon) through the manage-
ment of treatment failures alone, considering
the prevalent PsO population from 2021 and an
average of 1.44 failures per patient over 3 years.
By shifting to prescribing patterns that repre-
sent the 20% most efficacious sequences, the
model suggests that treatment failures would be
reduced by 8,264 units, translating to savings of
€5,593,039 over 3 years for the management of
failures alone.

Impact of Optimized Prescribing in Italy

Under the assumption of the adoption of opti-
mized prescribing in Italy, Fig. 5 shows the pre-
dicted impact on the estimated total number of
failures over 3 years compared to anticipated
outcomes resulting from the current practice.
Importantly, the optimized practice model rec-
ognizes that clinicians require a level of flexibil-
ity when selecting treatments given the vari-
ability in patient needs; therefore, optimized
practice assumes that prescribing would shift to

a mix of the 20% most efficacious sequences.
Results suggest that, over 3 years, 22.95% (from
36,003 to 27,739) of the treatment failures could
be prevented by optimizing practice by leverag-
ing the most efficacious treatment sequences.
Similar findings were observed across each of the
seven regions in Italy considered in the analysis
(see the Electronic Supplementary Material).

Table 8 shows the projected impact on
expenditures resulting from adopting opti-
mized prescribing in terms of cumulative costs
for the full patient population over the 3-year
time horizon (2022-2024). This summary also
includes anticipated cost reductions resulting
from avoided treatment failures, which contrib-
ute to offsetting the costs of increased prescrib-
ing of the most efficacious therapies. Over 3
years, a 2.27% increase in expenditure would
result from adopting optimized prescribing
based on this model. Similar outcomes would
also be expected for each of the seven regions
included in the analysis (see the Electronic Sup-
plementary Material).

DISCUSSION

The analysis presented here was conducted to
investigate how adopting optimized, or “best-
treatment-first,” treatment sequences impacts
patient outcomes and the healthcare system in
Italy. By further investigating and accounting
for the cost associated with the management
of treatment failures to the healthcare system,
this analysis translates the value of avoided
treatment failures to a metric that is relevant
to the Italian NHS.

Our findings demonstrate that adopting
optimized prescribing practices by leverag-
ing more efficacious treatments earlier in the
course of therapy leads to better outcomes
for patients. For a chronic condition such as
PsO, this allows for greater opportunities to
minimize treatment failures while maximiz-
ing benefits to patients. In turn, this model
helps to identify areas for improvement in
current prescribing practice. The results pre-
sented here show that prioritizing the 20%
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Table 6 Resources required to manage a treatment failure, the frequency, and the cost

Resource required to manage one treatment failure Frequency Unit cost
Visits to healthcare professionals
Dermatological visits 2-6 €20.66
Other specialist visits 0-3 €20.66
GP visits 0-6 €19.86
Laboratory tests
Complete blood count 2-2 €7.08
Liver function 0-2 €7.04
Kidney function 0-2 €9.13
Infectious disease screening 0-1 €87.21
Rheumartoid factor 0-1 €4.73
Blood glucose level 0-1 €1.17
Uric acid level 0-1 €1.13
Parameters of inflammation 0-2 €5.82
Lipemia 0-2 €4.31
Protein electrophoresis 0-1 €4.23
Serology 0-1 €17.05
Chest X-ray 0-1 €15.49
Quantiferon test 0-1 €20.59
Joint ultrasound 0-1 €32.54
Therapy
Methotrexate 10-15 mg/week 0-112 days €0.17/day
Cyclosporine 200-300 mg/day 0-84 days €3.69-5.53/
day
Acitretin 25-30 mg/day 0-60 days €1.19-1.70/
day
Phototherapy 3 times/week 0-90 days €8.78/session
Steroid compound for topical use/calcipotriol 1 tube every 3 days 0-60 days €6.74/day
Specific shampoo 0-60 days €0.43/day
Emollients —* €2.91/day
Oily cleaners —* €1.42/day
Keratolytics —* €2.79/day
Enstilar 0-2 packs €61.92/pack
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Table 6 continued

Resource required to manage one treatment failure Frequency Unit cost
Cetaphil 0-2 packs* €26.30/pack
Biologic/biosimilar drugs A
Out-of-pocket expense per failure €10-427.29

*Excluded (included in out-of-pocket expenses)

AExcluded (to avoid double counting)
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Fig.3 Number of treatment failures. Average number
of treatment failures (#7iangles) from the most to the least
effective sequence in Italy and all seven regions, based on

most effective sequences, which accounts for
varying patient needs, could lead to a 22.95%
reduction in treatment failures with a modest
2.27% increase in expenditures.

In today’s environment of increasing pres-
sures on healthcare budgets, treatment costs—
rather than patient outcomes—often become the
primary driver for treatment choice, especially
for inflammatory immune-mediated diseases
such as PsO, for which several treatment options
are available. For example, some Italian regions
impose prescribing constraints on dermatolo-
gists to contain drug costs; such constraints
can include mandating the compulsory use of
the least expensive yet less effective treatments

a treatment target of PASI 90. Red indicates the least effi-
cacious sequence, green the most cfficacious sequence, and
blue the current practice average

for PsO. In recent years, understanding of the
pathogenesis of PsO (in particular the role of the
[L-23/Th17 pathway) has deepened, prompting
the development of new innovative classes of
biologics aimed at modulating the underlying
molecular drivers of disease [35]. Within the
context of healthcare budgetary pressures due
to limited and strained resources, the differen-
tiated value of innovative biologics, leading to
better outcomes for patients, can easily be lost.
While cost-containment policies might produce
short-term savings, they heavily compromise
long-term patient outcomes and will, in turn,
have an overall negative impact on the NHS in
the long term.
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Fig. 4 All possible treatment sequences plotted based on
efficacy and cost. The 1284 possible sequences are repre-
sented as points with various shapes on the cost—effective-
ness plane. The shape depends on the mechanism of action
that is employed as the first line. The sequences are plotted

As described above, this analysis found that
the most effective treatment sequences are
based on using the most effective individual
therapies early in the course of treatment (i.e.,
as first-line therapy); for PsO, the model iden-
tified sequences initiating with IL-23 inhibi-
tors as the optimal first-line treatments. These
results are in line with clinical data that support
the notion that IL-23 inhibitors have a great

Table 7 Detailed breakdown of the current practice com-
pared to the most efficacious treatment sequences by line of
treatment for a PASI 90 treatment target response

Linel Line2  Line3 Line 4 Top result
IL23 IL23 IL17 Blended  0.966
1123 1123 TNF Blended  0.999
IL23 IL17 IL23 Blended 1.003
IL23 IL23 IL12/23 Blended 1.003
IL23 IL17 IL17 Blended 1.023

IL interleukin

Current cost: EUR 37,942 * *

1L23

Efficacy: 1.439

" IL12/23 4 PDE4 ® TNF

according to the efficacy they can achieve based on a treat-
ment target of PASI 90 versus the average drug cost associ-

ated with each. IL interleukin, MOA mechanism of action,
PDE4 phosphodiesterase-4, TNF tumor necrosis factor

immunomodulatory capability and allow long-
term control of skin inflammation [36], given
the role of IL-23 as a regulatory cytokine. As
such, it has been suggested that IL-23 inhibitor
treatment for PsO should be initiated in a timely
manner and as early as possible [36].

Note that untreated or poorly treated PsO
may evolve through progressive phases [36]. In
addition to the worsening of signs and symp-
toms, several comorbidities, in particular psori-
atic arthritis (PsA) [37-39], have been associated
with PsO. Furthermore, it has been suggested
that treatment with the newer, more innovative
biologics may be associated with a lower risk of
PsA incidence [36]. From a disease management
perspective, PsO has also been associated with
several other comorbidities, including intestinal
bowel diseases [40], metabolic syndrome [41],
diabetes mellitus [42], as well as cardio- and cere-
brovascular diseases [43, 44]. From a patient per-
spective, PsO has been associated with a cumula-
tive burden on patients’ psychological and social
well-being [36, 45-49]. In this context, it has
been shown that PsO may impact health-related
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Fig.5 Cumulative difference in the total number of treat-
ment failures between the current practice and the opti-
mized practice in Italy. Current-practice market shares are

derived from the period 2019-2021, whilst the optimized
practice was set up according to the discussed assumptions
on optimized prescribing behavior

Table 8 Cumulative differences in expenditure between the current practice (2019-2021) and the optimized practice

(2022-2024) in Iraly

Current practice Optimized practice Impact of shifting to
optimized practice
Cost of treatment (€) 1,119,553,251 1,151,161,796 31,608,545 (2.82%)
Cost of managing treatment 24,366,675 18,773,635 5,593,039 (-
failures (€) 22.95%)
Total costs (€) 1,143,919,926 1,169,935,431 26,015,506 (2.27%)

quality of life to an extent similar to cancer and
cardiovascular diseases [50].

New innovative biologics have demonstrated
the ability to achieve substantial levels of skin
clearance (e.g., PASI 90 and PASI 100) and lead to
significant improvements in patients’ quality of
life [36]. Increasing evidence suggests that early
initiation of newer biologics could beneficially
affect the clinical course of PsO at the molecular
and genetic levels by preventing comorbidities,
particularly PsA, and by improving quality of life
and decreasing the cumulative impairment of
patients’ lives [36]. From the clinical perspective,
the authors believe there are limited possibilities

to effectively treat PsO patients if less effective
treatments are first initiated, especially when
more effective options are readily available and
their value is recognized by EMA and AIFA. At
the very least, for patients with severe disease, it
would seem appropriate to consider the early use
of the latest generation of biologic treatments
from both the clinical and economic resource
perspectives.

Data on management of treatment failures
in PsO and the associated costs are sparse,
despite their implications for the utilization of
of healthcare resources and impact on health-
care systems. Guerriero and colleagues [51]
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performed a retrospective analysis of adminis-
trative databases in southern Italy and found
that the management of patient switching to
another drug (where switching was consid-
ered a proxy for treatment failure, similar to in
our study) resulted in a 30% increase in addi-
tional expenditures compared to patients who
remained on treatment. To validate this finding
and add more granularity to the actual costs, we
collaborated with practicing expert dermatolo-
gists from northern, central, and southern Italy.
Their input provided a breakdown of the vari-
ous resource components required to manage
a treatment failure, which ultimately included
additional visits to healthcare professionals,
laboratory tests, and additional treatments to
gain short-term relief and disease control while
patients waited to initiate their next line of
treatment. The expert dermatologists further
highlighted additional out-of-pocket costs for
patients to cover over-the-counter topical treat-
ments. Their insights resulted in an estimated
increase in direct healthcare costs to the Ital-
ian NHS of €676.80 per patient per treatment
failure; when out-of-pocket costs are considered,
an additional €203.90 per patient per treatment
failure can be factored in, bringing the predicted
total cost of managing each individual PsO treat-
ment failure to €880.69.

Budget constraints most often lead to pre-
scribing restrictions because the short-term
impact on expenditures for therapeutics is a rel-
atively tangible and immediate result to track.
However, the impacts of more treatment failures
deriving from inadequate early-line treatment
on the patient, the progression of disease, the
healthcare system, and society as a whole are
completely overlooked. By highlighting the sub-
stantial costs of managing treatment failures, we
can begin to understand the wider and longer-
term implications related to treatment choice for
patients with a chronic condition such as PsO.

This study is not without limitations. Those
from a methodology perspective are discussed in
detail elsewhere [5]. From the perspective of the
Italian case study presented here, it is important
to flag that the model considers only a 3-year
time horizon, which is not necessarily in line

with the lifelong, chronic nature of PsO and
the time dedicated by clinicians to managing
it. However, as the objective of this study was
to highlight the impact of treatment choice on
patient outcomes and healthcare system costs,
which are often restricted due to budget consid-
erations, the 3-year timeframe aligns with usual
budgetary planning timelines. Another limita-
tion to consider is that the cost of treatment
failure was determined based on a survey of a
limited number of dermatologists; in future, the
collection of more precise estimates that con-
sider a broader range of stakeholders and data
sources would add value to this analysis. Finally,
the results of this analysis should be interpreted
bearing in mind that there are variations in
reimbursement and healthcare system costs in
each country.

CONCLUSION

Our analysis suggests that, in Italy, there is a
substantial opportunity to improve outcomes
for patients through shifts in prescribing prac-
tice when managing PsO. Treatment sequences
that leverage the most effective classes of ther-
apy early in the course of treatment yield the
best overall outcomes. When clinicians are
given the freedom to prescribe based on their
consideration of the best options, there are
potentially impactful benefits to the patient,
the NHS, and society as a whole. Additionally,
avoiding treatment failures by shifting pre-
scribing practice at a modest increase in cost
is an important new perspective to consider.
However, the short-term nature of this model
does not fully capture the wider and longer-
term benefits of optimized prescribing, which
could help further minimize or neutralize the
impact on budgets. This analysis provides valu-
able insight into potential differences between
the current practice and a model for optimized
practice in Italy that could assist policymak-
ers and budget holders with implementing
more effective prescribing practices that could
reduce treatment failures and maximize patient
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outcomes with a modest impact on healthcare
system resources.
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