Zagni et al. BMC Health Services Research (2022) 22:1537 .
https://doi.org/10.1186/512913-022-08954-8 BMC Health Services Research

: : : : ®
A real-world economic analysis of biologic = ==

therapies for psoriatic arthritis in Italy: results
of the CHRONOQOS observational longitudinal
study

Emanuela Zagni'", Micol Frassi?, Giuseppa Pagano Mariano?, Enrico Fusaro®, Claudia Lomater”,

Patrizia Del Medico®, Florenzo lannone’, Rosario Foti®, Massimiliano Limonta®, Antonio Marchesoni'®,

Bernd Raffeiner'', Ombretta Viapiana'?, Walter Grassi'?, Rosa Daniela Grembiale'*, Giuliana Guggino'?,
Antonino Mazzone'®, Enrico Tirri'/, Roberto Perricone'®, Pier Carlo Sarzi Puttini'®, Salvatore De Vita®®,

Fabrizio Conti?', Alessandro Zullo?, Lucia Simoni??, Martina Fiocchi', Roberto Orsenigo' and Delia Colombo'

Abstract

Background: Psoriatic arthritis (PsA) is a chronic, immune-mediated, spondyloarthropathy characterised by muscu-
loskeletal signs and symptoms with associated joint pain and tenderness. The average worldwide PsA prevalence is
133/100,000, while in the Italian population is 90-420/100,000.

Traditionally, nonsteroidal anti-inflammatory drugs, glucocorticoid, and disease-modifying antirheumatic drugs have
been used in the treatment of PsA. However, for those patients who are not adequately controlled with conven-
tional therapies, the new biologics compounds represent a valid option. Biologic therapies have been shown to be
more effective but also more expensive than conventional systemic treatments. Based on the CHRONOS study, the
economic analyses presented in this paper aim to assess the annualised direct costs and the cost-per-responder of
biologics in a real-world context assuming the Italian National Health System perspective.

Methods: The economic assessments were carried out on the overall cohort of patients, and on the tumour necro-
sis factor alpha inhibitors (TNFi) and the secukinumab subgroup, the most prescribed biologic therapies within the
CHRONOS study.

Results: The annual economic impact of PsA in the overall group was €12,622,€11,725 in the secukinumab sub-
group, and €12,791 in the TNFi subgroup. Biologics absorbed the main expenditure costs in the treatment of PsA
accounting for about the 93% of total costs. At 6 months, secukinumab performed better in all the considered
outcomes: cost-per-responder according to EULAR DAS28 and ACR50 response criteria were €12,661- €28,975,
respectively, while they were €13,356 - €33,368 in the overall cohort and €13,138 - €35,166 in the TNFi subgroup.
At 12 months secukinumab remained the subgroup with the lowest cost-per-responder ratio in EULAR DAS28 and
ACR50 response criteria, while TNFi subgroup was the lowest one considered the ACR20.
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Conclusion: Despite some potential methodological limitations, our cost-per-response analysis provides physicians
and payers additional insights which can complement the traditional risk-benefit profile assessment and drive treat-

ment decisions.
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Background

Psoriatic arthritis (PsA) is a seronegative spondyloar-
thropathy characterised by musculoskeletal signs (arthri-
tis, enthesitis, spondylitis) and symptoms (fatigue and
stiffness) with associated joint pain and tenderness [1, 2].

The worldwide PsA prevalence and incidence rates in
the general population are 133 every 100,000 subjects
(95% CI, 107-164 every 100,000 subjects) and 83 every
100,000 subjects per year (95% CI, 41-167 every 100,000
subjects per year), respectively [3]. As regards Italy, a
recent study estimated an overall PsA prevalence of
90-420 cases every 100,000 subjects [4].

As for other chronic, systemic inflammatory disorders,
management of PsA aims to suppress inflammation to
minimise articular and dermatologic symptoms, prevent
structural damage, and improve quality of life of affected
patients [5].

A wide spectrum of pharmacologic treatments is avail-
able for PsA. Mild forms of arthritis are generally treated
with nonsteroidal anti-inflammatory drugs (NSAIDs)
and intraarticular glucocorticoid injections. Patients with
moderate-severe PsA are treated with immunomodula-
tory therapies, which include oral small molecules such
as methotrexate, leflunomide, sulfasalazine, cyclosporine
(and more recently, apremilast), defined as disease-mod-
ifying antirheumatic drugs (DMARDs). For PsA patients
who are not adequately controlled with conventional
DMARD:s therapy, the new biologic therapies are a valid
option. TNFi (infliximab, adalimumab, etanercept, goli-
mumab, certolizumab) are the first-line biologics in the
treatment of PsA patients [6, 7]. Other biologic options
include the interleukin-12/23 inhibitors (IL12/23: usteki-
numab), and interleukin 17 inhibitors (IL17: secuki-
numab, ixekizumab) [7]. Given the complexity in treating
PsA patients, several international and national guide-
lines are currently available to support rheumatologists
in daily clinical practice management of PsA [6-8].

Biologic therapies have been shown to be more effec-
tive but also more expensive than conventional systemic
treatments (DMARDs) [9]. Use of biologic therapies for
PsA has increased significantly over the last decades,
with consequent increase of National Health Service
budget allocated on PsA [10].

At the time of launch of a new treatment, the economic
evidence is assessed using models, under the assump-
tion that the efficacy observed in clinical trials would be

similar in the “real-world” Also, evidence of long-term
effects is rarely available during the early stage of com-
mercialization. Therefore, long-term simulations are
used to predict “lifetime” costs and clinical consequences
of treatment use. Finally, health technology assessment
agencies and pricing and reimbursement institutions are
interested in evaluating the economic implications of
new technology adoption in their respective countries
[11].

The use of observational research for economic pur-
poses can inform on critical aspects of decision-making,
such as budget impact/allocation, cost-effectiveness and
cost-utility analysis of new technologies [12]. Given the
chronic nature of PsA and the considerable amount of
direct costs (drugs costs, inpatient costs for acute care,
outpatient costs for regular monitoring) and indirect
costs (caregivers, loss of working days) spent in the treat-
ment of PsA [13-16], the analysis of real-world data is
important to assess the economic burden of the disease
[17].

The CHRONOS (EffeCtiveness of biologic treatments
for psoriatic artHRitis in Italy: an ObservatioNal 10n-
gitudinal Study of real-life clinical practice) study was
designed to provide real-world evidence (RWE) of the
effectiveness of biologic treatments for PsA in the Ital-
ian real-life clinical practice; main results of the study are
presented elsewhere [17].

The study also collected economic endpoints concern-
ing costs and cost-effectiveness of biologics for PsA. The
present paper is aimed to describe the cost-effectiveness
of biologic agents as used in clinical practice, with real-
life conditions. For this purpose, the annualised overall
costs of PsA management, the annualised cost of bio-
logic drugs and the cost-per-responder ratios in the
Italian National Health System (NHS) perspective were
assessed.

Methods

Source of clinical data

Observational study design

The CHRONOS study was a multicenter, non-interven-
tional retro-prospective cohort study conducted in 20
Italian rheumatology hospitals, which involved both the
use of primary data (registered during the visits in the
CHRONOS study) and secondary data (e.g. unit costs
of drugs, visits, phototherapy, rehabilitation, collected
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through the desk research). Retrospective data since
initiation of the earliest biologic were collected back at
enrolment visit from hospital medical charts or other
clinical documents, while prospective data were col-
lected at the enrolment and 6-month (+1month) fol-
low-up visits, which took place as per normal clinical
practice.

Patients aged >18years, with diagnosis of PsA accord-
ing to the treating rheumatologist, who had initiated
a biologic treatment between 24weeks and 24 months
before enrolment visit (retrospective period), were con-
secutively enrolled, provided they had available data for
DAS28 in the retrospective period. Enrolment lasted
from September 2018 to September 2019 and end date
of data collection was in April 2020. Patients who had
interrupted treatment before enrolment could also be
included. Detailed description of eligibility and evaluabil-
ity criteria are reported elsewhere [17].

At the enrolment visit, data since initiation of the ear-
liest biologic were retrospectively collected from hos-
pital medical charts or other clinical documents, while
the prospective observational period was 6months
(1 month), so that each patient was planned by
design to have a total of observational period of at least
12months except in case of early withdrawal. Patients
who withdrew from the study were included in the analy-
ses if they had available clinical outcomes.

Treatments

In our analyses the “reference biological therapy” was
defined as the biologic therapy ongoing at enrolment or
taken last before the enrolment visit, in case the patient
was no longer assuming a biologic at enrolment. All
enrolled patients were treated with at least one of the fol-
lowing biologic therapies: secukinumab (Cosentyx), adal-
imumab (Humira), adalimumab biosimilar (Amgevita,
Imraldi), certolizumab (Cimzia), etanercept (Enbrel),
etanercept biosimilar (Benepali, Erelzi), golimumab
(Simponi), infliximab (Remicade), infliximab biosimilar
(Flixabi, Remsima), ustekinumab (Stelara).

Two types of analyses were conducted: i) overall anal-
ysis, on the entire cohort of PsA patients treated with
biologic therapies; ii) a post-hoc analysis stratified by
secukinumab or TNFis subgroups (TNFi comprising
adalimumab (originator and biosimilar), certolizumab,
etanercept (originator and biosimilar), golimumab, and
infliximab (originator and biosimilar)) given that most
patients were treated with these two major treatment
groups [17]. All other treatments were not analysed as
subgroups in the post-hoc analyses, as their sample size
was small, with findings being potentially affected by pre-
cision and accuracy issues.
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Response criteria in the economic analyses

Both DAS28 (Disease Activity Score 28 points) provided
by the European League Against Rheumatism (EULAR)
and American College of Rheumatology (ACR) response
criteria were used as response criteria in our economic
analyses. There was consensus among clinicians partici-
pating at the study that these two tools were the most
used and comprehensive instruments to measure dis-
ease activity in PsA. EULAR DAS28 and ACR criteria
are clinical composite outcomes developed for rheuma-
toid arthritis (RA) largely used to determine both dis-
ease activity and treatment response in PsA patients [5,
18-20]. DAS28 is frequently used also in Italian clinical
practice [21, 22]; it takes into account a 28 tender joint
count (range 0-28), a 28 swollen joint count (range
0-28), erythrocyte sedimentation rate (ESR) or C-reac-
tive protein (CRP), and patients’ general health (GH)
measured by a visual analogue scale [23]. The EULAR
response criteria classify patients as good, moderate or
non-responders, using the individual amount of change
in the DAS28 and the DAS28 value reached (low, mod-
erate, or high) [24, 25]. Patients who achieved a good or
moderate response were considered as responders in our
cost-effectiveness analysis.

Achievement of sustained response at 12months
(intended as achievement of DAS28 good/moderate
response through all the time points considered; 6 and
12 months) was evaluated as well.

The ACR20-50 criteria are standard measures of the
effectiveness of various treatments in clinical trials for RA
[5, 19, 20, 26, 27]. ACR20 stands for achievement of 20%
improvement in N=68 tender or N=66 swollen joint
counts, as well as a 20% improvement in at least three
of the other five criteria (patient assessment, physician
assessment, pain scale, disability/functional question-
naire, acute phase reactant - erythrocyte sedimentation
rate or C-reactive protein -). The same logic applies to the
interpretation of ACR50 in which the improvement is set
at 50%.

The analyses were performed considering only patients
with available EULAR DAS28 and ACR responses at start
of biologic therapy and after 6 (or 12) months.

Source of economic data

Resource consumption

The following resource consumption data were collected
to determine costs of PsA: i) pharmacological biologic
treatments received during the study period, settings
of administration (inpatient, ambulatory outpatient,
home), frequency of treatment, duration of treatment;
ii) pharmacological concomitant adjunctive PsA treat-
ments (topical and non-topical therapies, non-biological
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therapies) iii) biologic treatment-related adverse events
(drugs prescribed, follow-up visits, procedures, hospi-
talisations to manage the AEs); iv) treatment follow-up/
monitoring during the study period (general practitioner
-GP- and specialist outpatient visits, laboratory exami-
nations, diagnostic examinations); v) rehabilitative care
received during the study period (description of the
intervention, number of sessions); vi) other interventions
during the study period (hospitalisations due to disease
worsening or adverse events, emergency department
(ED) accesses, phototherapy, rehabilitation).

Costs

The economic analyses were conducted adopting the Ital-
ian national healthcare service (NHS or SSN in Italian)
perspective: therefore, only direct costs sustained by the
Italian SSN were considered and collected.

Ex-manufacturer acquisition costs of therapies and tar-
iffs for outpatient and inpatient services were retrieved
from national databases [28, 29].

For systemic biologic therapies, the cost was obtained
multiplying the unit cost by the total quantity of drug
received by the patient during the observation period,
taking into consideration the treatment posology.

The costs of topical therapies for PsA, other pharmaco-
logical therapies for PsA, and other relevant concomitant
medications to manage adverse events related to biologic
treatments, were obtained multiplying the unit cost by
the total quantity of drug received by the patient dur-
ing the observation period. The posology was estimated
according to the indications of the Summary of Product
Characteristics of each drug.

Phototherapy [28] and rehabilitative [29] care costs
were obtained multiplying the unit costs by the total
number of received sessions.

ED accesses, and inpatient hospitalisations tariffs were
based on the DRG codes; GP visits costs for PsA were
assigned according to Garattini et al. [30] (Cost inflated
from January 2003 to October 2019 [31]). The costs
of specialistic outpatient visits for PsA were assigned
according to Italian Ministry of Health, outpatient and
hospital tariffs, respectively [28, 29].

The test/procedures/instrumental examination costs
were assigned according to Italian Ministry of Health,
outpatient tariffs [28].

Economic analysis
The economic assessment consisted of three differ-
ent analyses: i) PsA management cost analysis; ii) cost-
per-response analysis, iii) cost-per-sustained response
analysis.

In the PsA management cost analysis, per-patient costs
of therapies and healthcare services were summed and
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then divided by the duration of observation window (in
months) from the start of reference biologic therapy.

In the cost-per-response analysis, the cost-per-patient
and the cost-per-responder ratio were calculated. The
first one was defined as the total cost spent in the over-
all population or in a subgroup of patients divided by
the number of patients belonging, respectively, to the
overall sample or to the related subgroup. The cost-per-
responder ratio was calculated to estimate cost-effec-
tiveness of biologic therapies [32] and was defined as
the amount of investment required to successfully treat
one patient, according to DAS28 and ACR response cri-
teria. The cost-per-responder ratio at 6 (tolerance win-
dow: 4 to 9months) and 12months (tolerance window:
10 to 15 months) was calculated as the sum of individual
costs divided by the number of patients achieving clini-
cal response (in terms of DAS28 and ACR20-50) at the
respective time-point. Results of the cost-per-response
analysis depend on: i) timeframe (6 months, 12 months);
ii) type of outcome used to define the “response” (DAS28,
ACR20, ACR50); iii) response rate achieved.

A cost-per- DAS28 good/moderate sustained response
analysis at 12months, was conducted to evaluate con-
sistency of findings in the cost-per-response analyses.
The sustained cost-per-responder ratio was defined as
the amount of investment required to achieve sustained
response. The sustained cost-per-responder ratio at
12 months was calculated as the sum of individual costs
divided by the number of patients achieving sustained
response (as previously defined).

The previously mentioned indicators were calculated
both (i) considering the overall cohort of patients and
(ii), as post-hoc analysis, by treatment subgroup (secuki-
numab and TNFi). The choice of subgroups was guided
by sample size reasons and was not intended to conduct a
formal statistical comparison, which would have been not
in the scope of the study and would have not been pos-
sible given the purely observational design of the study.
However, the secukinumab was the only large-enough to
be assessed as a single-agent subgroup, while the other
therapies (mainly TNFi, either originators or biosimilars)
were quite small in size to be analysed individually.

Results

Patients’ enrolment and subgroups

The study was conducted in 20 Italian rheumatology hos-
pitals, which enrolled N=409 patients; of these, N=10
patients did not meet the CHRONOS study inclusion cri-
teria [17]. Therefore, N=399 patients were evaluated in
terms of clinical assessment and healthcare resource use.
Socio-demographic and main clinical characteristics at
enrolment have been reported in previous publications
[17] and are also summarized in the additional file [see
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Additional file 1]. Mean age at enrolment was 52.4 years
(SD 11.6), and N=172 patients (43.1%) were male. N=17
patients (4.3% of the eligible) prematurely discontinued
the study (11 were lost to follow-up, 2 became pregnant,
2 due to Covid-19 emergency, 1 died and 1 moved to
another structure). N=186 patients (46.6%) were receiv-
ing at least one concomitant systemic treatment for PsA
(most prescribed therapies: methotrexate, 28.1%; NSAID,
12.3%; systemic corticosteroids -oral or injected-, 10.8%),
and N'=32 patients (8.0%) were receiving topical thera-
pies during the observation period.

Patients might receive any of the biological therapies
approved and reimbursed by the National Healthcare
Service, at the time of the study. At enrolment, N=186
patients (46.6%) were naive to biological treatment
and N=323 (81.0%) received one biologic therapy dur-
ing study. The most frequently used biologic medica-
tions for PsA in the eligible population were TNFi drugs
(adalimumab (originator and biosimilar): 17.8%, N=71;
etanercept (originator and biosimilar): 16.5%, N=66;
certolizumab: 9.8%, N=39; golimumab: 5.0%, N=20; inf-
liximab (originator and biosimilar): 3.0%, N=12; TOTAL
TNFi drugs: 52.1%, N=208) followed by IL17 inhibitors
(secukinumab: 40.4%, N=161), and finally IL12/23 inhib-
itors (ustekinumab: 7.5%; N'=30).

When the overall cohort was divided into the two sub-
groups (secukinumab and TNFi drugs), no statistical dif-
ferences were observed between treatment groups that
might have influenced the effectiveness, except for the
proportion of bio-naive patients, which was higher in the
TNFi group (Additional file 1).

For the economic analyses, N=1 additional patient was
excluded because of data incompleteness on drug utiliza-
tion. As a result, N=398 patients were included in the
overall economic analysis.

Smaller groups were assessed in the cost-per-response
analyses (Table 1) because not all patients were evaluated
for DAS28 and ACR outcomes at 6 months and 12 months
since observation start. The number of patients consid-
ered in the calculation of cost-per-response and cost-per-
sustained response analyses are presented in Table 1.

The total mean duration of the reference biologic
treatment line was 18.6 (standard deviation -SD-: 6.5)
months in the overall eligible population (N=399), 18.8
(SD: 6.6) months in the secukinumab subgroup, 18.7 (SD
6.6) months in the TNFi drugs subgroup. Of the eligible
patients, 97.7% (N=390) had been on treatment with
biologicals for >6months. During the study, 4.8% of
patients (N=19) discontinued biologic treatment, and
8.3% (N=33) switched from the reference biologic treat-
ment to another biologic treatment; the remaining 86.9%
(N=347) of patients persisted in the reference biologic
therapy (did not switch nor discontinued it).
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Table 1 Number of patients considered in cost-per-response
and cost-per-sustained response analyses according to response
criteria

Response Cost-per -response analyses Cost-per-
criterion sustained
response analysis

Patients Patients Patients evaluable
evaluable at evaluable at at 6 months and
6 months (N) 12months (N) 12months (N)

DAS28 307 296 271

ACR20 194 189 NE

ACR50 194 191 NE

ACR College of Rheumatology response, DAS28 Disease Activity Score 28 joints,
NE Not evaluated

Resource consumption

During the observation period, all patients (N=399,
100.0%) referred to outpatient specialists for PsA man-
agement, while only 1.8% of total patients (N=7) went to
the GP for a PsA-related issue. The mean rate of special-
istic outpatient visits was 3.9 per patient/year (standard
deviation (SD): 1.5).

Use of tests, procedures and instrumental examina-
tions was common in the observed cohort. Most patients
(80.2%; N'=320) received at least one test, procedure, or
instrumental examination for PsA during the observa-
tion period. On average, patients received 11.2 analyses
per year (SD: 8.1). The most common examinations (con-
ducted in >50% of total patients) were markers of inflam-
mation, blood cell count, liver function test, and kidney
function test.

The use of hospital resources (hospital admissions, ED
accesses, duration of hospitalisation) during the observa-
tion period was extremely low, with only: i) 0.5% of total
patients (N=2) having at least one hospital admission;
ii) 1.0% of total patients (N=4) having at least one ED
admission (N=3 with one ED admission; N=1 with two
ED admissions). As result, the economic impact of hos-
pital care for patients followed up during the observation
period was negligible, compared with the cost of biologic
drugs.

Table 2 provides a summary of resources used in the
total cohort, in terms of: i) number of patients using the
resource; ii) proportion of patients using the resource at
least once during the observation period; iii) average rate
of utilisation, per patient/year.

Annualised costs

Figure 1 shows the results of the PsA management cost
analysis. On average, the annualised patient management
cost in the overall cohort was €12,622. The mean overall
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Table 2 Use of healthcare resources, by type
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Resource Number of patients using the Proportion of patients using the Frequency of use
resource (N) resource (%) (Number per patient/

(N=399) year)

Specialistic outpatient visits 399 100.0% 3.90

GP visits 1.8% NC

ED accesses 1.0% NC

Hospitalizations 0.5% NC

Day-hospital visits 0.0% 0

Tests/Procedures/Instrumental examina- 320 80.2% 11.20

tions

ED Emergency Department, GP General Practitioner, NC Not Calculated

€ 14,000

€ 13,000

12,622

€ 12,000

€ 11,000

Costs (€ thousands)

€ 10,000

€9,000

€ 8,000
Patient managment cost

inhibitors)

T 11,801

Biologic cost

Fig. 1 Annualised costs of patient management and biologic therapy in PsA (overall cohort; Mean, 95% C.1.). TNFi (Tumor Necrosis Factor alpha

total annualised cost was €11,725 in patients receiving
secukinumab and €12,791 in the group of patients receiv-
ing TNFi.

Most of the management costs were due to the acqui-
sition costs of biologic therapies. In fact, the percentage
ratio of biologic therapies versus the total management
costs ranged from 93.5% in the overall cohort to 93.0% in
the TNFi group.

The cost of drug acquisition was €11,801 in the over-
all cohort (Fig. 1), €10,955 in the secukinumab group and
€11,891 in the TNFi group. The different annual eco-
nomic impact reflected the different acquisition costs.

Cost-per-response analysis

The response rate for the DAS28 outcomes at 6 months
was 71.7% in the overall cohort, 73.4% in the secuki-
numab subgroup) and 71.7% in the TNFi subgroup.
The proportion of responders was similar at 12 months
(around 70.0% in the overall cohort and both subgroups).

The mean cost-per-DAS28 good/moderate response at
6months was €13,356 in the overall cohort, while for
the secukinumab and the TNFi groups was €12,661 and
€13,138, respectively. At 12months after therapy start,
the mean cost-per-responder ratio was €21,912 in the
overall cohort, €20,337 in the secukinumab group, and
€20,874 in the TNFi group.

Figure 2 shows the response rate and the cost-per-
responder ratios at 6 months and 12 months according to
EULAR DAS28 criteria.

Complete results of the cost-per-response analysis
(EULAR DAS28 and ACR criteria) in the overall popula-
tion and in the secukinumab and the TNFi subgroups are
showed in Table 3.

Considering ACR20 and ACR50 criteria, responders
were somewhat more with secukinumab at 6 months.
At 12months the ACR20 and ACR50 response rates
for the overall cohort, secukinumab and the TNFi
subgroups became more similar. At 6months the
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Fig. 2 Cost per good/moderate EULAR DAS28 responder ratio at 6 and 12 months (overall cohort). DAS28: Disease Activity Score 28 joints
Table 3 Results of the cost-per-response analysis after 6 and 12 months
Outcome Parameter Month Overall Secukinumab TNFi
DAS28 (good/moder- Number of evaluated patients (N) 6 307 128 159
ate) 12 296 125 148
Cost-per-patient (€) 6 €9571 €9298 €9420
12 €14,879 €14,155 €14,668
Response rate (%) 6 71.7% 73.4% 71.7%
12 67.9% 69.6% 70.3%
Cost-per-responder ratio (€) 6 €13,356 €12,661 €13,138
12 €21912 €20,337 €20,874
ACR20 Number of evaluated patients (N) 6 194 75 105
12 189 74 100
Cost-per-patient (€) 6 €9804 €9658 €9377
12 €14,877 €14,674 €14,188
Response rate (%) 6 41.2% 453% 39.0%
12 34.9% 35.1% 36.0%
Cost-per-responder ratio (€) 6 €23,775 €21,305 €24,016
12 €42,604 €41,765 €39412
ACR50 Number of evaluated patients (N) 6 194 75 105
12 191 75 101
Cost-per-patient (€) 6 €9804 €9658 €9378
12 €14,832 €14,612 €14,158
Response rate (%) 6 29.4% 33.3% 26.7%
12 26.7% 29.3% 25.7%
Cost-per-responder ratio (€) 6 €33,368 €28,975 €35,166
12 €55,548 €49,815 €54,997

ACR College of Rheumatology response, DAS28 Disease Activity Score 28 joints

cost-per-responder ratio ranged between €9804- €33,368
in the overall cohort, €9658 - €28,975 in the secukinumab
group and €9377 - €35,166 in the TNFi group (Table 3)
and at 12 months between €14,832 - €55,548 in the over-
all cohort, €14,612 - €49,815 in the secukinumab group

and €14,158 - €54,997 in the TNFi group, depending on
the response criteria (Table 3).

Two main factors influence the non-linear increase
of cost-per-responder at 12months compared to the
6months cost-per-responder: i) differences in the
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response rate, usually lower at 12 months than 6 months;
ii) considering the therapy duration (6 vs 12 months) the
cost-per-patients at 6 months were in proportion higher
than the cost-per-patient at 12 months.

Cost-per-sustained response analysis

Overall cost-per-sustained response are shown in Fig. 3.
As expected, overall cost-per-sustained DAS28 good/
moderate responder ratio at 12months was higher than
the cost-per-responder ratio for the same criteria at
12months. Secukinumab and TNFi cost-per-sustained
DAS28 responder ratio were €23,421 and €23,731,
respectively, and on average €1062 lower than the over-
all group value (response rate 59.8% in Secukinumab and
61.7% in TNFi patients).

In the end, to better characterize the two larger treat-
ment subgroups, we described main socio-demographic
(such as age, gender, and smoking habits) and clinical
characteristics (such as time since PsA diagnosis, number
of prior lines received, duration of exposure to biologic
treatment) at start of biologic therapy in secukinumab
and TNFis subgroups to find potential confounding fac-
tors (data not shown). No difference emerged in any of
the analysed variables and so the two subgroups can be
considered comparable.

Discussion

Results of the CHRONOS study show that biologic
treatments were effective for the treatment of PsA in
a real-world setting, with a large proportion of patients
achieving good/moderate DAS28 response rates at 6
(response rate: 71.7%) and 12months (response rate:
67.9%) after treatment start. Such findings confirmed
that the effectiveness shown by biologics in pivotal RCTs
is maintained in clinical practice [19, 33-36].
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From an economic perspective, the study evaluated
and quantified some relevant aspects of the treatment
of patients with PsA: i) the economic burden and the
healthcare resource utilisation; ii) the cost-per-responder
ratio, in the overall cohort and in the secukinumab and
TNFi subgroups; iii) the cost-per-sustained response in
the overall cohort and by subgroups.

In the CHRONOS study, the annual economic impact
of PsA in the overall cohort was ~€13 thousand per
patient. This data is very much aligned with a recent pub-
lication in which the yearly PsA management costs per
patient was approximately €14,500 - €15,500 [37]. In our
study, the annualised total cost was €12,622 in the over-
all group of patients, €11,725 in the subgroup of patients
receiving secukinumab, and €12,791 in the subgroup of
patients treated with TNFi. The different annual eco-
nomic impact of PsA reflected the different acquisition
costs of biologic therapies. Not surprisingly, almost all
healthcare direct costs were absorbed by the cost of bio-
logics, which had a mean impact of 93.3% (range: 93.0—
93.5%) on total patient management costs. Again, this
cost distribution is in line with previously published arti-
cles in which the expenditure range per biologic drugs
accounts for the 80-87% of the total costs [37].

The introduction of biologic therapies has determined
significant benefits for patients, but at higher costs, if
compared with the pre-biologic era. The distribution
of costs confirmed another well-known aspect of PsA,
which is in common with other autoimmune, inflamma-
tory diseases (e.g. rheumatoid arthritis, ankylosing spon-
dylitis, etc.): management of these conditions is almost
exclusively in charge of specialised physicians, who
monitor their patients on a regular basis to assess clinical
response to pharmacological treatments, and prescribe
typical routine tests to evaluate the course of the disease

€ 25,000
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€ 24,000
€ 23,500
€ 23,000
€ 22,500
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€ 21,500

Cost-per-sustained responder (€)
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Fig. 3 Cost per good/moderate EULAR DAS28 sustained responder ratio at 12 months (overall cohort). DAS28: Disease Activity Score 28 joints
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(e.g. inflammation markers, renal and liver functions,
imaging). Patients rarely refer to general practitioners,
and do not need of acute, hospital care, except for rare,
unexpected situations (e.g. acute disease progression,
treatment-related adverse events).

In the CHRONOS study, the cost-per-response ratio
was chosen as cost-effectiveness indicator, instead of the
more typical incremental cost-utility ratio, used in most
of pharmacoeconomic evaluations [38, 39]. However, this
indicator has been used previously [9, 32]. The choice
was driven by several important factors: i) the objec-
tive of the CHRONOS study was to provide a picture of
the economic impact of biologic treatments, and not to
conduct a 1:1 pharmacoeconomic comparisons between
biologics; ii) a traditional cost-utility approach was not
pursued because of the CHRONOS study design, consist-
ing of a mainly retrospective phase, during which patient
utilities (required in a cost-per-QALY assessment) could
not be collected; iii) a cost-utility assessment would be a
valid approach in a chronic condition like PsA, when a
longer time horizon (of at least 10 years) can be observed,
which is not the case of the CHRONOS study.

Considering the DAS28 outcomes, as well as the
ACR20 and ACR50 response criteria at 6months,
the cost-per-responder ratio was lower in the secuki-
numab group than the overall cohort and the TNFi
group. At 12months after therapy initiation, the cost-
per-responder ratio in the secukinumab subgroup was
still lower only considering the DAS28 and ACR50
outcomes. Interesting, the cost-per-responder ratio at
12months in the overall group was higher (less favour-
able) than in the secukinumab as well as TNFi subgroup.
Since both secukinumab and TNFi subgroups were part
of the overall group, this means that the remaining treat-
ment groups (ustekinumab) were associated with a much
higher cost-per-responder ratio. Finally, in the post-hoc
analysis on the cost-per-DAS28 (good/moderate) sus-
tained responder ratio at 12 months, the observed ranked
of the analysed groups was secukinumab subgroup, fol-
lowed by TNFi, and the overall group. A similar response
was observed in both treatment subgroups at 6 months,
considering DAS28 criteria. The proportions of respond-
ers became similar for all the outcomes considered at
12months, suggesting that in a 1-year timeframe bio-
logics guarantee remarkable clinical benefit in most
patients. However, time to response seemed depending
on treatment, with earlier response rates being observed
in the secukinumab subgroup. Therefore, the cost-per-
sustained DAS28 response analysis showed some favour-
able trend for secukinumab, driven by its high response
rate, which was achieved early in time (6 months). Prob-
ably, in absence of long-term data showing clear superi-
ority of one drug versus the others, time-to-response and
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then cost-per-sustained response might be relevant fac-
tors influencing treatment decisions.

Moreover, findings of this economic analysis should
be evaluated against some possible methodological limi-
tations of the analysis itself. First, both annual direct
healthcare costs of the disease and cost-per-response
ratio might be overestimated. In fact, the cost of phar-
macological treatment, which was the cost driver in this
analysis, was calculated using the ex-manufacturer unit
prices, extracted from the databases of the Italian Drug
Agency (AIFA). Indeed, the price of these therapies
might be lower in real-world, because during the pro-
curement process manufacturers might grant discounts.
Also, costs of therapies after procurement might be dif-
ferent by region, and even by hospital, depending on local
purchase mechanisms. However, since the amount of
these discounts (if any) is not clearly known (rarely in the
public domain), it was preferred to use official prices to
conduct the analysis. Second, only the direct costs of the
disease were captured, but it is well known in literature
that PsA (as well other autoimmune conditions) poses
a significant economic burden on patients’ productiv-
ity [37, 40]. Despite this poses some issues of complete-
ness of our assessment, we still believe that the analysis
has great value in informing budget holders on the costs
sustained by the SSN, and on consequent budget alloca-
tion. Third, the analysis is not suitable for a formal cost-
effectiveness comparison among therapies. Because of
the observational, non-randomized design of the study,
the limited possibility of controlling for confounding
factors, the complexity of the treatment pathway, the
small sample size of certain subgroups (e.g. biosimilars,
ustekinumab), and the uncertainty on the real acquisition
costs of biologics, any attempt of comparing costs and
outcomes of single therapies (to each other) might lead
to misleading conclusions. For these reasons, given that
most of the patients were treated with secukinumab and
TNFi, we conducted subgroup analysis (on secukinumab
and TNFi) without a formal comparative aim (no statisti-
cal tests were applied).

The choice of evaluating these two subgroups was
driven by sample size (secukinumab group was rela-
tively large, while it could make sense to merge TNFi
drugs for their similar mechanism of action to obtain a
larger group), and the relatively good balance of demo-
graphic and clinical characteristics in the two subgroups.
However, while merging TNFi drugs in one single group
increased sample size and made the two groups quite
comparable from a clinical aspect, that unfortunately
increased the heterogeneity of costs (originators and
biosimilars might have different acquisition costs), thus
reducing the validity of a potential comparison. This
would justify the choice of not comparing therapies to



Zagni et al. BMC Health Services Research (2022) 22:1537

each other from an economic perspective, or testing
hypotheses of cost-effectiveness superiority of one ther-
apy versus the others, but just to statistically describe
costs and cost-per-response.

Nevertheless, a concomitant assessment of treat-
ment costs against the expected therapeutic response
over time, can provide physicians and payers additional
insights which can complement the traditional risk-bene-
fit profile assessment and drive treatment decisions.

Conclusions

In conclusion, the cost-effectiveness profile of secuki-
numab was favourable, due to its cost (which is in line
with average cost of the other biologic therapies) and
the high-response rates. Cost-effectiveness results in the
CHRONOS study showed that secukinumab performed
better than the overall cohort (better=Ilower cost-per-
responder ratio) in all the considered outcomes. How-
ever, this analysis cannot provide definitive conclusions
on cost-effectiveness ranking of the individual therapies.
Despite some potential methodological limitations of the
cost-per-response analysis, we believe this approach is
still an efficient, valuable, and informative economic out-
come, because it allows, in principle, to detect treatment
groups with the lowest cost-per-therapeutic success and
rank them by economic opportunity.

Abbreviations

ACR: American College of Rheumatology; AE: Adverse Event; AIFA: Italian

Drug Agency; CRP: C-Reactive Protein; DAS: Disease Activity Score; DMARDs:
Disease-Modifying AntiRheumatic Drugs; ED: Emergency Department; ESR:
Erythrocyte Sedimentation Rate; EULAR: European League Against Rheu-
matism; GH: General Health; GP: General Practitioner; NHS: National Health
System; NSAIDs: NonSteroidal Anti-Inflammatory Drugs; PsA: Psoriatic Arthritis;
QALY: Quality Adjusted Life Year; SD: Standard Deviation; SSN: Servizio Sani-
tario Nazionale (national healthcare service in Italy); TNFi: Tumour Necrosis
Factor alpha inhibitors.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512913-022-08954-8.

[ Additional file 1. }

Acknowledgements

The authors meet the criteria of the International Committee of Medical
Journal Editors (ICMJE) for authorship and were fully responsible for all aspects
of manuscript development. We are also grateful to the participating centers,
involved in data collection.

Authors’ contributions

Delia Colombo, Emanuela Zagni, Martina Fiocchi, Roberto Orsenigo, Alessan-
dro Zullo, Lucia Simoni provided contribution to conception and design of the
work and to interpretation of the data. Micol Frassi, Giuseppa Pagano Mariano,
Fusaro Enrico, Claudia Lomater, Patrizia Del Medico, Florenzo lannone, Rosario
Foti, Massimiliano Limonta, Antonio Marchesoni, Bernd Raffeiner, Ombretta
Viapiana, Walter Grassi, Rosa Daniela Grembiale, Giuliana Guggino, Mazzone
Antonino, Enrico Tirri, Roberto Perricone, Pier Carlo Sarzi Puttini, Salvatore De

Page 10 of 12

Vita, Fabrizio Conti provided contribution to data collection. Lucia Simoni
provided contribution to data analysis and to draft the paper. All authors
revised the paper and provided final approval of the version to be published
and agree to be accountable for all aspects of the work.

Funding
The study was supported by a grant from Novartis Farma S.p.A. Origgio (VA),
Italy.

Availability of data and materials

The data that support the findings of this study are available from authors and
Novartis Farma S.p.A. but restrictions apply to the availability of these data,
which were used under license for the current study, and so are not publicly
available. Data are however available from the authors (correspondence to
Emanuela Zagni, emanuela.zagni@novartis.com) upon reasonable request and
with permission of the authors and Novartis Farma S.p.A.

Declarations

Ethics approval and consent to participate

The study was conducted in accordance with the amended Declaration of
Helsinki. Ethical approval for this study was obtained from each participating
site according to Italian Regulation applicable for prospective observational
studies.

The patients provided written informed consent to their involvement in the
study.

The study was approved by the Ethic Committee of the coordinating center
(A.Q.U. Policlinico-Vittorio Emanuele PO. San Marco, Catania, Italy).

Consent for publication
Not applicable.

Competing interests

Dr. Zagni is an employee of Novartis Farma Italy.

Dr. Marchesoni reports grants from Novartis, during the conduct of the study;
personal fees from Novartis, Abbvie, Pfizer, Eli Lilly, UCB, Janssen, outside the
submitted work.

Dr. Zullo is employee of MediNeos Observational Research (Modena, Italy),
hired by Novartis Farma Italy, responsible for the design and conduction of
the CHRONOS study, as well as scientific support, clinical operations, data
management, statistical analysis.

Dr. Simoni is employee of MediNeos Observational Research (Modena, Italy),
hired by Novartis Farma Italy, responsible for the design and conduction of
the CHRONOS study, as well as scientific support, clinical operations, data
management, statistical analysis.

Dr. Fiocchi is an employee of Novartis Farma Italy.

Dr. Orsenigo is an employee of Novartis Farma Italy.

Dr. Colombo is a part-time employee of Novartis Farma Italy.

No further Col were declared for all other authors.

Author details

"Walue &Access, Novartis Farma S.p.A, Largo Umberto Boccioni, 1 21040 Varese,
Origgio, Italy. 2Rheumatology and Clinical Immunology Unit, ASST Spedali
Civili, Brescia, Italy. >UOSD Reumatologia GOM “Bianchi-Melacrino-Morelli”
Reggio Calabria, Italy. “Rheumatology Dept. AOU Citta della Salute e della
Scienza di Torino, Turin, Italy. >SSDDU Reumatologia ASO Ordine Mauriziano,
Turin, Italy. °Ospedale civile, Civitanova Marche, Italy. ’U.O. Reumatologia,
A.0.U. Policlinico Consorziale, Bari, Italy. 8UOS Reumatologia, A.O.U. Policlinico
-Vittorio Emanuele, Catania, Italy. “UOSD Reumatologia, ASST Papa Giovanni
XXIII, Bergamo, Italy. '°Department of Rheumatology, ASST Gaetano Pini-CTO,
Milan, Italy. '"Ospedale Centrale di Bolzano, Bolzano, Italy. '?U.0.C. Reumato-
logia, AOUI Verona Borgo Roma, Verona, Italy. "*Policlinico A. Murri, Jesi, Italy.
4U.0. Medicina Interna, A.O.U. Mater Domini, Catanzaro, Italy. '°U.O. Reumato-
logia, A.O.U. Policlinico Giaccone, Palermo, Italy. '®Medicina Interna MAC area
medica, Ospedale Civile di Legnano, Legnano, Italy. '’ Ospedale San Giovanni
Bosco, Naples, Italy. '®U.0.C. Reumatologia, Policlinico Tor Vergata, Rome, Italy.
19U.0.C. Reumatologia, ASST FBF Sacco, Milan, Italy. °Clinica Reumatologica,
ASUIUD, Udine, Italy. 2'U.O.C. Reumatologia, Azienda Policlinico Umberto |,
Rome, Italy. *MediNeos Observational Research, Modena, Italy.


https://doi.org/10.1186/s12913-022-08954-8
https://doi.org/10.1186/s12913-022-08954-8
emanuela.zagni@novartis.com

Zagni et al. BMC Health Services Research

(2022) 22:1537

Received: 15 June 2021 Accepted: 12 December 2022
Published online: 16 December 2022

References

1.

Gottlieb A, Korman NJ, Gordon KB, Feldman SR, Lebwohl M, Koo JYM,

et al. Guidelines of care for the management of psoriasis and psoriatic
arthritis. Section 2. Psoriatic arthritis: overview and guidelines of care

for treatment with an emphasis on the biologics. J Am Acad Dermatol.
2008;58(5):851-64.

Eder L, Polachek A, Rosen CF, Chandran V, Cook R, Gladman DD. The
development of psoriatic arthritis in patients with psoriasis is preceded
by a period of nonspecific musculoskeletal symptoms: a prospective
cohort study. Arthritis Rheumatol. 2017;69(3):622-9. https://doi.org/10.
1002/art.39973.

Scotti L, Franchi M, Marchesoni A, Corrao G. Prevalence and incidence of
psoriatic arthritis: a systematic review and meta-analysis. Semin Arthritis
Rheum. 2018;48(1):28-34.

Prignano F, Rogai V, Cavallucci E, Bitossi A, Hammen V, Cantini F. Epidemi-
ology of psoriasis and psoriatic arthritis in Italy—a systematic review. Curr
Rheumatol Rep. 2018;20(7):43

Kavanaugh A, Mease PJ, Reimold AM, Tahir H, Rech J, Hall S, et al.
Secukinumab for Long-term treatment of psoriatic arthritis: a two-year
Followup from a phase Ill, randomized, double-blind placebo-controlled
study. Arthritis Care Res (Hoboken). 2017,69(3):347-55.

Gossec L, Smolen JS, Ramiro S, De Wit M, Cutolo M, Dougados M, et al.
European league against rheumatism (EULAR) recommendations for

the management of psoriatic arthritis with pharmacological therapies:
2015 update. Ann Rheum Dis. 2016;75(3):499-510 Available from: https://
pubmed.ncbi.nim.nih.gov/26644232/.

Singh JA, Guyatt G, Ogdie A, Gladman DD, Deal C, Deodhar A, et al. Spe-
cial article: 2018 American College of Rheumatology/National Psoriasis
Foundation guideline for the treatment of psoriatic arthritis. Arthritis Care
Res. 2019;7(1):2-29 Available from: https://pubmed.ncbi.nim.nih.gov/
30499259/.

Coates LC, Kavanaugh A, Mease PJ, Soriano ER, Laura Acosta-Felquer M,
Armstrong AW, et al. Group for Research and Assessment of psoriasis and
psoriatic arthritis 2015 treatment recommendations for psoriatic arthritis.
Arthritis Rheumatol. 2016;68(5):1060-71 Available from: https://pubmed.
ncbi.nlm.nih.gov/26749174/.

Ahn CS, Gustafson CJ, Sandoval LF, Davis SA, Feldman SR. Cost effective-
ness of biologic therapies for plague psoriasis. Am J Clin Dermatol.
2013;14(4):315-26 Available from: https://pubmed.ncbi.nlm.nih.gov/
23696234/.

D'Angiolella LS, Cortesi PA, Lafranconi A, Micale M, Mangano S, Cesana

G, et al. Cost and Cost Effectiveness of Treatments for Psoriatic Arthritis:

A Systematic Literature Review [Internet]. Vol. 36, PharmacoEconomics.
Springer International Publishing; 2018 [cited 2020 Nov 6]. p. 567-89.
Available from: https://pubmed.ncbi.nlm.nih.gov/29441473/

. Makady A, ten Ham R, de Boer A, Hillege H, Klungel O, Goettsch W. Poli-

cies for use of real-world data in health technology assessment (HTA):

a comparative study of six HTA agencies. Value Heal. 2017;20(4):520-32
Available from: https://pubmed.ncbi.nlm.nih.gov/28407993/.

Berger ML, Sox H, Willke RJ, Brixner DL, Eichler HG, Goettsch W, et al. Good
practices for real-world data studies of treatment and/or comparative
effectiveness: recommendations from the joint ISPOR-ISPE special task
force on real-world evidence in health care decision making. Pharma-
coepidemiol Drug Saf. 2017,26(9):1033-9 Available from: https://pubmed.
ncbi.nim.nih.gov/28913966/.

Radtke MA, Reich K, Blome C, Rustenbach S, Augustin M. Prevalence and
clinical features of psoriatic arthritis and joint complaints in 2009 patients
with psoriasis: results of a German national survey. J Eur Acad Dermatol-
ogy Venereol. 2009,23(6):683-91 Available from: https://pubmed.ncbi.
nim.nih.gov/19309433/.

Christophers E, Barker J, Griffiths C, Daudén E, Milligan G, Molta C, et al.
The risk of psoriatic arthritis remains constant following initial diagnosis
of psoriasis among patients seen in European dermatology clinics. J Eur
Acad Dermatol Venereol. 2010;24(5):548-54.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 11 of 12

Wong K, Gladman DD, Husted J, Long JA, Farewell VT. Mortality studies in
psoriatic arthritis: results from a single outpatient clinic. I. Causes and risk
of death. Arthritis Rheum. 1997,40(10):1868-72.

AliY, Tom BDM, Schentag CT, Farewell VT, Gladman DD. Improved
survival in psoriatic arthritis with calendar time. Arthritis Rheum.
2007,56(8):2708-14.

Colombo D, Frassi M, Pagano Mariano G, Fusaro E, Lomater C, Del Medico
P, et al. Real-world evidence of biologic treatments in psoriatic arthritis

in Italy: results of the CHRONOS (EffeCtiveness of biologic treatments for
psoriatic artHRitis in Italy: an ObservatioNal IOngitudinal study of real-life
clinical practice) observational lo. BMC Rheumatol. 2022;6:57. https://doi.
0rg/10.1186/541927-022-00284-w.

Salaffi F, Ciapetti A, Carotti M, Gasparini S, Gutierrez M. Disease activity

in psoriatic arthritis: comparison of the discriminative capacity and
construct validity of six composite indices in a real world. Biomed Res Int.
2014;2014:528105.

MclInnes IB, Mease PJ, Kirkham B, Kavanaugh A, Ritchlin CT, Rahman P,

et al. Secukinumab, a human anti-interleukin-17A monoclonal antibody,
in patients with psoriatic arthritis (FUTURE 2): a randomised, double-
blind, placebo-controlled, phase 3 trial. Lancet. 2015;386(9999):1137-46
Available from: https://pubmed.ncbi.nim.nih.gov/26135703/.

Mease PJ, McInnes IB, Kirkham B, Kavanaugh A, Rahman P, Van Der Heijde
D, et al. Secukinumab inhibition of interleukin-17A in patients with psori-
atic arthritis. N Engl J Med. 2015;373(14):1329-39.

Nash P, Ohson K, Walsh J, Delev N, Nguyen D, Teng L, et al. Early and sus-
tained efficacy with apremilast monotherapy in biological-naive patients
with psoriatic arthritis: a phase IlIB, randomised controlled trial (ACTIVE).
Ann Rheum Dis. 2018;77(5):690-8 Available from: https://pubmed.ncbi.
nim.nih.gov/29343507/.

Chiricozzi A, Burlando M, Caldarola G, Conti A, Damiani G, De Simone C,
et al. Ixekizumab effectiveness and safety in the treatment of moderate-
to-severe plaque psoriasis: a multicenter, retrospective observational
study. Am J Clin Dermatol. 2020;21(3):441-7 Available from: https://
pubmed.ncbi.nim.nih.gov/31786732/.

Prevoo MLL, Van'T Hof MA, Kuper HH, Van Leeuwen MA, Van De Putte
LBA, PLCM VR. Modified disease activity scores that include twenty-
eight-joint counts development and validation in a prospective
longitudinal study of patients with rheumatoid arthritis. Arthritis Rheum.
1995;38(1):44-8.

Van Gestel AM, Haagsma CJ, Van Riel PLCM. Validation of rheumatoid
arthritis improvement criteria that include simplified joint counts. Arthri-
tis Rheum. 1998;41(10):1845-50.

DAS28-EULAR Response criteria [Internet]. Available from: https://www.
das-score.nl/en/das-and-das28/das28-why/eular-response-criteria.
Accessed Dec 2022.

Felson DT, Anderson JJ, Boers M, Bombardier C, Chernoff M, Fried B, et al.
The American college of rheumatology preliminary core set of disease
activity measures for rheumatoid arthritis clinical trials. Arthritis Rheum.
1993;36(6):729-40 Available from: https://pubmed.ncbi.nim.nih.gov/
8507213/.

Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D, Goldsmith C, et al.
American college of rheumatology preliminary definition of improve-
ment in rheumatoid arthritis. Arthritis Rheum. 1995;38(6):727-35 Avail-
able from: https://pubmed.ncbi.nlm.nih.gov/7779114/.

Italian Ministry of Health. Outpatient intervention tariffs. Italian Republic
Official Gazette. Chapter n. 23; Supplement n. 8; 28 January 2013. 2013a.
p.27-57.

Italian Ministry of Health. Inpatient intervention tariffs. Italian Republic
Official Gazette. Chapter n. 23; Supplement n. 8; 28 January 2013.2013. p.
6-23.

Garattini. Duration and costs of general practitioners'visits: the DYSCO
project. Farmeconomia Percorsi Ter. 2003;4(2):109-14.

National Institute of Statistics of Italy (ISTAT). Inflation rates. Available at:
http://rivaluta.istat.it/Rivaluta/. Accessed: Sept 2018.

PoulinY, Langley R, Teixeira HD, Martel MJ, Cheung S. Biologics in the
treatment of psoriasis: clinical and economic overview. In: Journal of
cutaneous medicine and surgery, vol. 13. Los Angeles: SAGE Publications-
Sage CA; 2009. p. S49-57. https://doi.org/10.2310/7750.2009.00021.
Mease PJ, Ory P, Sharp JT, Ritchlin CT, Van Den Bosch F, Wellborne F, et al.
Adalimumab for long-term treatment of psoriatic arthritis: 2-year data
from the Adalimumab effectiveness in psoriatic arthritis trial (ADEPT).


https://doi.org/10.1002/art.39973
https://doi.org/10.1002/art.39973
https://pubmed.ncbi.nlm.nih.gov/26644232/
https://pubmed.ncbi.nlm.nih.gov/26644232/
https://pubmed.ncbi.nlm.nih.gov/30499259/
https://pubmed.ncbi.nlm.nih.gov/30499259/
https://pubmed.ncbi.nlm.nih.gov/26749174/
https://pubmed.ncbi.nlm.nih.gov/26749174/
https://pubmed.ncbi.nlm.nih.gov/23696234/
https://pubmed.ncbi.nlm.nih.gov/23696234/
https://pubmed.ncbi.nlm.nih.gov/29441473/
https://pubmed.ncbi.nlm.nih.gov/28407993/
https://pubmed.ncbi.nlm.nih.gov/28913966/
https://pubmed.ncbi.nlm.nih.gov/28913966/
https://pubmed.ncbi.nlm.nih.gov/19309433/
https://pubmed.ncbi.nlm.nih.gov/19309433/
https://doi.org/10.1186/s41927-022-00284-w
https://doi.org/10.1186/s41927-022-00284-w
https://pubmed.ncbi.nlm.nih.gov/26135703/
https://pubmed.ncbi.nlm.nih.gov/29343507/
https://pubmed.ncbi.nlm.nih.gov/29343507/
https://pubmed.ncbi.nlm.nih.gov/31786732/
https://pubmed.ncbi.nlm.nih.gov/31786732/
https://www.das-score.nl/en/das-and-das28/das28-why/eular-response-criteria
https://www.das-score.nl/en/das-and-das28/das28-why/eular-response-criteria
https://pubmed.ncbi.nlm.nih.gov/8507213/
https://pubmed.ncbi.nlm.nih.gov/8507213/
https://pubmed.ncbi.nlm.nih.gov/7779114/
http://rivaluta.istat.it/Rivaluta/
https://doi.org/10.2310/7750.2009.00021

Zagni et al. BMC Health Services Research

34.

35.

36.

37.

38.

39.

40.

(2022) 22:1537

Ann Rheum Dis. 2009;68(5):702-9 Available from: https://pubmed.ncbi.
nlm.nih.gov/18684743/.

Mease PJ, Kavanaugh A, Reimold A, Tahir H, Rech J, Hall S, et al. Secuki-
numab in the treatment of psoriatic arthritis: efficacy and safety results
through 3 years from the year 1 extension of the randomised phase Il
FUTURE 1 trial. RMD Open. 2018;4(2) Available from: https://pubmed.
ncbi.nim.nih.gov/30167329/.

Coates LC, Gladman DD, Nash P, Fitzgerald O, Kavanaugh A, Kvien TK, et al.
Secukinumab provides sustained PASDAS-defined remission in psoriatic
arthritis and improves health-related quality of life in patients achieving
remission: 2-year results from the phase Il FUTURE 2 study 11 medical
and health sciences 1117 public health and health services. Arthritis Res
Ther. 2018;20(1) Available from: https://pubmed.ncbi.nim.nih.gov/30526
678/.

Mease PJ, Gladman DD, Collier DH, Ritchlin CT, Helliwell PS, Liu L, et al.
Etanercept and methotrexate as monotherapy or in combination for pso-
riatic arthritis: primary results from a randomized, controlled phase Ill trial.
Arthritis Rheumatol. 2019;71(7):1112-24 Available from: https://pubmed.
ncbi.nim.nih.gov/30747501/.

Esposti LD, Perrone V, Sangiorgi D, Buda S, Andretta M, Rossini M, et al.
Analysis of drug utilization and health care resource consumption in
patients with psoriasis and psoriatic arthritis before and after treatment
with biological therapies. Biol Targets Ther. 2018;12:151-8 Available from:
https://pubmed.ncbi.nlm.nih.gov/30518996/.

Kuster D, Nast A, Gerdes S, Weberschock T, Wozel G, Gutknecht M,

et al. Cost-effectiveness of systemic treatments for moderate-to-

severe psoriasis in the German health care setting. Arch Dermatol Res.
2016;308(4):249-61.

Hendrix N, Ollendorf DA, Chapman RH, Loos A, Liu S, Kumar V, et al.
Cost-effectiveness of targeted pharmacotherapy for moderate to severe
plague psoriasis. J Manag Care Spec Pharm. 2018;24(12):1210-7.
Burgos-Pol R, Martinez-Sesmero JM, Ventura-Cerda JM, Elfas |, Caloto MT,
Casado M. Coste de la psoriasis y artritis psoridsica en cinco paises de
Europa: una revisién sistemdtica. Actas Dermosifiliogr. 2016;107(7):577-90
Available from: https://pubmed.ncbi.nim.nih.gov/27316590/.

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

Page 12 of 12

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://pubmed.ncbi.nlm.nih.gov/18684743/
https://pubmed.ncbi.nlm.nih.gov/18684743/
https://pubmed.ncbi.nlm.nih.gov/30167329/
https://pubmed.ncbi.nlm.nih.gov/30167329/
https://pubmed.ncbi.nlm.nih.gov/30526678/
https://pubmed.ncbi.nlm.nih.gov/30526678/
https://pubmed.ncbi.nlm.nih.gov/30747501/
https://pubmed.ncbi.nlm.nih.gov/30747501/
https://pubmed.ncbi.nlm.nih.gov/30518996/
https://pubmed.ncbi.nlm.nih.gov/27316590/

	A real-world economic analysis of biologic therapies for psoriatic arthritis in Italy: results of the CHRONOS observational longitudinal study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Source of clinical data
	Observational study design
	Treatments
	Response criteria in the economic analyses

	Source of economic data
	Resource consumption
	Costs

	Economic analysis

	Results
	Patients’ enrolment and subgroups
	Resource consumption
	Annualised costs
	Cost-per-response analysis
	Cost-per-sustained response analysis

	Discussion
	Conclusions
	Acknowledgements
	References


