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Abstract

Background: Psoriasis is a chronic immune-mediated inflammatory skin disease which can also involve joints. It is
often associated with burdensome comorbidities which negatively impact prognosis and quality of life (QoL).
Biologic agents have been shown to be effective in controlling disease progression, but their use is associated with
higher costs compared with traditional systemic treatments. The economic analysis of the CANOVA (EffeCtiveness
of biologic treAtmeNts for plaque psOriasis in Italy: an obserVAtional longitudinal study of real-life clinical practice)
study aims to assess the costs and cost-effectiveness of biologics in a real-world context in Italy.

Methods: The annualised overall direct costs of moderate-to-severe plaque psoriasis management, the annualised
cost of biologic drugs and the cost per responder in the Italian National Health System perspective were assessed.
More specifically, the cost per response and cost per sustained response of the most prescribed biologic therapies
for the treatment of moderate-to-severe plaque psoriasis within the CANOVA study were assessed using the
Psoriasis Area Severity Index (PASI) at several score levels (75, 90 and 100%).
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Results: The most frequently used biologic therapies for plaque psoriasis were secukinumab, ustekinumab,
adalimumab originator, and ixekizumab. Cost of biologics was the driver of expenditure, accounting for about 98%
of total costs. Adalimumab originator was the biologic with the lowest cost per responder ratio (range: €7848 -
€31,378), followed by secukinumab (range: €9015 - €33,419). Ustekinumab (range: €11,689 – €39,280) and
ixekizumab (range: €11,092 – €34,289) ranked respectively third and fourth, in terms of cost-effectiveness ratio. As
concerns the cost per sustained response analysis, secukinumab showed the lowest value observed (€21,375) over
the other options, because of its high response rate (86% vs. 60–80%), which was achieved early in time.

Conclusion: Biologic therapy is a valuable asset for the treatment of moderate-to-severe plaque psoriasis.
Concomitant assessment of treatment costs against the expected therapeutic response over time can provide
physicians and payers additional insights which can complement the traditional risk-benefit profile assessment and
drive treatment decisions.

Keywords: Biologic, Secukinumab, Adalimumab, Ustekinumab, Ixekizumab, Costs, Cost per responder, Response
rate, Real-world

Background
Psoriasis is a chronic immune-mediated inflammatory
skin disease which can also involve joints. It is often as-
sociated with burdensome comorbidities (arthritis, car-
diovascular diseases, metabolic syndrome, and
inflammatory bowel disease) which negatively impact
prognosis and QoL, even when the affected body surface
area (BSA) is relatively limited [1–3]. In addition to
physical pain, psoriasis causes social and psychological
burden: social exclusion, discrimination, and stigma can
be devastating for patients, who suffer from burdensome
depression, as demonstrated by a number of studies [2,
4–7]. Severity of psoriasis is related to several different
aspects of this disease, including extent of psoriasis, lo-
cation of lesions, degree of inflammation, responsiveness
to treatment and impact on QoL, although no validated
categories of severity are internationally recognised [8].
Psoriasis can occur at any age, but it is more common

between 50 and 69 years of age [2]. It is considered
equally prevalent in both sexes, although some studies
reporting prevalence by sex indicated that psoriasis is
more common in men. The worldwide prevalence of
psoriasis is highly variable, ranging between 0.91% in the
United States and 11.43% in Norway [2]. In Italy, the es-
timated psoriasis incidence is 2.30–3.21 cases per 1000
per person per year [9], with a prevalence range of 1.8–
3.1% [10]. Plaque psoriasis, characterised by well-defined
round or oval plaques that differ in size and often co-
alesce, is the most prevalent clinical type of psoriasis, af-
fecting between 58 and 97% of all patients [2], with
about 20–30% of them suffering from a moderate or se-
vere condition [11]. As regards Italy, 2.8% of the entire
population suffer from plaque psoriasis [12].
The severity of chronic plaque psoriasis is generally

assessed with different tools. Typically, efficacy of psoria-
sis treatments in reducing the burden of disease is mea-
sured (in clinical trials) in terms of proportion of

patients achieving > 75% reduction in their baseline
Psoriasis Area and of Severity Index score (PASI 75)
after 12 weeks of therapy and later in time.
The management of plaque psoriasis is highly variable,

and guidelines are published at national as well as Euro-
pean level [13]. Typically, patients with severe plaque
psoriasis are considered for systemic therapy and/or
phototherapy. Conventional systemic agents include aci-
tretin, cyclosporine, and methotrexate. During the last
decade, the development of biologic agents, such as
infliximab, etanercept, adalimumab, ustekinumab, secu-
kinumab, and ixekizumab, has changed the therapeutic
landscape of moderate-to-severe plaque psoriasis [14–
18]. Treatment regimens for psoriasis patients should be
tailored to meet their specific needs based on disease se-
verity, impact on quality of life, response to previous
therapies, and any comorbidities, such as hepatitis, ma-
lignancy, obesity, and cardiovascular diseases [19, 20].
Biologic agents have shown greater efficacy and fewer
adverse events compared to traditional therapies in clin-
ical trials, but observational, real-life studies are needed
to determine whether these effects persist during long-
term therapy in clinical practice [21]. Biologic agents
have clinically proven efficacy, but their use is associated
with much higher costs compared with traditional sys-
temic treatments [22]. Therefore, there is a great need to
evaluate efficiency and costs of healthcare interventions
in real practice. At the time of launch of a new treat-
ment, economic evidence is tested through models
(cost-effectiveness, budget impact), assuming that the
outcomes observed in clinical trials are achieved in clin-
ical practice as well. Also, evidence of long-term effects
is rarely available at the launch of a new treatment;
therefore, 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
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the economic implications of the adoption of new tech-
nology in their respective countries [23]. The use of ob-
servational research to collect economic evidence would
overcome the typical limitations of these economic
models, and inform decision makers with “real-world”
cost-effectiveness indicators [24].
Given the chronic nature of plaque psoriasis and the

considerable amount of direct costs attributable to it
(pharmacological treatment, hospitalisations, monitor-
ing, etc.) [11, 25, 26], analysis of real-world data is im-
portant to assess the economic burden of the disease
[27].
The CANOVA was an observational study designed to

provide real-world evidence of the effectiveness of bio-
logic treatments for plaque psoriasis in Italy [27]. The
analysis presented in this paper refers to the economic
secondary endpoints evaluated in the context of the CA-
NOVA study. Finally, the annualised management and
biologics costs for moderate-to-severe plaque psoriasis,
as well as the cost per responder and cost per sustained
responder ratios in the Italian National Health System
perspective were assessed. More specifically, we analysed
costs and cost-effectiveness of the most prescribed bio-
logic therapies used in the treatment of moderate-to-
severe plaque psoriasis within the CANOVA study.

Methods
Source of clinical data
Observational study design
The CANOVA study is a multicenter, non-
interventional longitudinal study which involved both
the use of primary data (registered during the visits in
the CANOVA study) and secondary data (collected from
medical records of each participating patient). The study
was conducted in 17 Italian hospital dermatology clinics,
which enrolled N = 727 patients. Patients aged ≥18 years,
with moderate-to-severe plaque psoriasis, having pro-
vided written informed consent before data collection
and having initiated biologic treatments between 24
weeks and 24 months before enrolment visit (retrospect-
ive period), were included. In order to avoid potential se-
lection bias, patients who interrupted treatment before
enrolment could also be included. All treatments had
been administered according to current clinical practice.
Pregnant or breast-feeding women, patients receiving or
having received biologic treatments for psoriasis as part
of a clinical trial, or having no available information
about biologic treatments and response were excluded.
Patients were withdrawn from the study in case of with-
drawal of informed consent or privacy form, death, loss
to follow-up, inclusion in a clinical trial involving treat-
ment with biologic agents for psoriasis, or pregnancy.
The study design ensured a total length of observation
(retrospective + prospective) of at least 12 months for

each patient (except for withdrawals). For instance: i) pa-
tients enrolled 6 months (24 weeks) after starting a bio-
logic therapy line were prospectively observed for 6
months, and underwent 2 visits (enrolment + 6-month
follow-up visit), for a total observation period of 12
months; ii) patients enrolled 24months after starting a
biologic therapy line were prospectively observed for 6
months, and underwent 2 visits (enrolment + 6-month
follow-up visit), for a total observation period of 30
months. The Patient’s scheme is provided in Add-
itional File 1. Enrollment lasted from 24 April 2018
(First Patient In) to 26 February 2019 (Last Patient In).
End date of data collection (Last Patient Last Visit) was
31 October 2019 [27].

Treatments
In the study, all eligible patients (N = 669, overall group
from now on) were treated with at least one of the fol-
lowing biologic therapies: secukinumab (Cosentyx), uste-
kinumab (Stelara), adalimumab originator (Humira),
adalimumab biosimilar (Amgevita), adalimumab biosimi-
lar (Imraldi), ixekizumab (Taltz), certolizumab (Cimzia),
etanercept (Enbrel), etanercept biosimilar (Benepali),
golimumab (Simponi).
For subgroup analyses, the “reference biologic ther-

apy”, identified by the type of biologic drug (active sub-
stance and originator / biosimilar features), was defined
as the biologic therapy ongoing at enrollment (or the
most recently interrupted treatment with respect to en-
rollment, in case of no ongoing biologic therapy) [27].

Response criteria
The primary objective of the CANOVA study was to as-
sess effectiveness of biologic therapies in the treatment
of moderate-to-severe plaque psoriasis [27]. The Psoria-
sis Area Severity Index (PASI) is one of the most largely
used psoriasis rating scales in clinical trials [28–30].
PASI is a measure of the average severity of psoriasis
skin clinical signs weighted by the affected area in four
body regions: head, upper limbs, trunk, and lower limbs.
The PASI index, with a range between 0 and 72, is ob-
tained by summing up the severity score of each body
region, [28].
According to the European consensus of treatment

goals, treatment success is defined as a 75% or more re-
duction in the Psoriasis Area and Severity Index score
(PASI 75) which allows for treatment continuation [31].
In the context of the economic analyses presented in this
paper, PASI 75, PASI 90, and PASI 100 in respect of the
score evaluated at the initiation of the reference biologic
treatment line are considered to estimate the cost-
effectiveness of the biologic treatments. In the evaluation
of response according to PASI, patients who had avail-
able information about clinical response/no response at
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week 16, 24, and 52 were considered. An evaluation of
the clinical response at time point t (t = 16, 24, 52 weeks)
was possible for patients with available PASI score at the
start of biologic therapy and at time point t. In case of
therapy discontinuation before time point t due to lack
of efficacy of biologic therapy, the patient was included
in the evaluation of the response (to avoid potential se-
lection bias) and considered as non responder at time
point t. In this case, the PASI scores assessed after ther-
apy interruption were not taken into consideration. In
case, instead, a patient discontinued therapy before time
point t, due to reasons different from lack of efficacy
(such as side effects, patient decision, or lack of compli-
ance), and had an available PASI score at time point t
recorded within 4 weeks after therapy discontinuation,
then the patient was included in the evaluation of re-
sponse and the PASI score was taken into consideration.

Source of economic data
Resource consumption
The following resource consumption data were collected
to determine costs of moderate-to-severe plaque psoria-
sis: i) pharmacological biologic treatments received dur-
ing the study period, settings of administration
(inpatient, ambulatory outpatient, home), frequency of
treatment, duration of treatment; ii) pharmacological /
topical concomitant (adjunctive) moderate-to-severe
plaque psoriasis treatments (topical corticosteroids, cal-
cipotriol, methotrexate); iii) biologic treatment-related
adverse events (drugs prescribed, follow-up visits, proce-
dures, hospitalisations to manage the adverse events
(AEs); iv) treatment follow-up/monitoring during the
study period (specialist visits, laboratory examinations,
diagnostic examinations); v) other interventions during
the study period (hospitalisations due to disease progres-
sion / worsening, phototherapy).

Costs
The economic analyses were conducted adopting the
Italian national healthcare service (NHS, or SSN in Ital-
ian) 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 [32, 33].
For systemic biologic therapies, the cost was obtained

by multiplying the unit cost by the estimated total quan-
tity of drug received by the patient during the observa-
tion period, taking into consideration treatment duration
and posology as declared and prescribed by the treating
physician.
The costs of topical therapies and of other pharmaco-

logical / topical therapies for moderate-to-severe plaque
psoriasis, as well as of other relevant concomitant

medications to manage adverse events related to biologic
treatments, were obtained by multiplying the unit cost
by the estimated total quantity of drug received by the
patient during the observation period, according the
treatment duration declared by the physician; posology
was estimated based on the indications in the Summary
of Product Characteristics of each drug.
Phototherapy costs were obtained by multiplying the

unit cost by the total number of sessions received.
Charges for Emergency department (ED) accesses, and

inpatient hospitalisations were based on DRG (diagnosis
related group) codes. General practitioner (GP) visit
costs for moderate-to-severe plaque psoriasis were allot-
ted according to Garattini et al. [34] (Cost inflated from
January 2003 to October 2019 [35]). The costs of spe-
cialist outpatient visits for moderate-to-severe plaque
psoriasis were assigned according to Italian Ministry of
Health, outpatient, and hospital tariffs, respectively [32,
36].
Test/procedures/instrumental examination costs were

assigned according to Italian Ministry of Health, out-
patient tariffs [32].

Economic analysis
No formal statistical hypotheses were set. Descriptive
analyses were performed (comparison between treat-
ments was not in the scope of the study).
The economic assessment consisted of three different

analyses in the Italian National Health System perspec-
tive: i) moderate-to-severe plaque psoriasis annualised
management and biologics costs analysis; ii) cost per re-
sponse analysis, iii) cost per sustained response analysis.
The annualised cost of moderate-to-severe plaque

psoriasis patients was calculated, for each patient, as the
sum of the costs of therapies and healthcare services
since initiation of the reference biologic therapy divided
by the observation window from the start of the refer-
ence biologic therapy (in years). Each patient then had a
specific annual cost of management: such values
returned the estimated annualised cost of patient man-
agement. The cost per responder ratio was calculated to
estimate cost-effectiveness of the reference biologic ther-
apies and it was defined as the amount of investment re-
quired to successfully treat one patient, according to
PASI 75, PASI 90, and PASI 100 response criteria. The
cost per responder ratio at 16 weeks (tolerance window:
10 to 20 weeks), 24 weeks (tolerance window: 20 to 30
weeks), and 52 weeks (tolerance window: 40 to 64 weeks)
was calculated as the sum of individual costs, sustained
over the first 16/24/52 weeks from the start of the refer-
ence biologic therapy (considering all sources of costs
sustained over the first 16/24/52 weeks from the start of
the reference biologic therapy and prior to subsequent
biologic line, if any) divided by the number of patients
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achieving clinical response (in terms of PASI 75/90/100)
at the respective time point, using the following
equation:

Cost per responder with treatment x at time point t

¼ Total cost of patients treated with treatment x from the start of the therapy to time−point tð Þ
Number of patients achieving clinical response in terms of PASI 75=90=100ð Þ at time−point t

Where x = overall cohort, secukinumab, ustekinumab,
adalimumab originator, ixekizumab, and t = 16, 24, 52
weeks.
Finally, a post-hoc analysis was carried out to measure

the cost per sustained responder ratio, defined as the
amount of investment required to achieve PASI 75 re-
sponse both at 16 and at 52 weeks. The cost per sus-
tained responder ratio at 52 weeks was calculated as the
sum of individual costs during the first 52 weeks from
the start of the reference biologic therapy (and prior to
subsequent biologic line, if any), divided by the number
of patients achieving clinical response (in terms of PASI
75) both at 16 and at 52 weeks, using the following
equation:

Cost per sustained responder with treatment x at at 52 weeks

¼ Total cost of patients treated with treatment x from the start of the therapy to week 52ð Þ
Number of patients achieving clinical response in terms of PASI 75=90=100ð Þ both at 16 and at 52 weeks

Where x = overall cohort, secukinumab, ustekinumab,
adalimumab originator, ixekizumab.
The economic analyses were carried out for the overall

cohort and for the most numerous reference biologic ther-
apy subgroups contributing at least to 10% of the sample
size within the CANOVA study (i.e. Secukinumab, Usteki-
numab, Adalimumab originator, Ixekizumab).

Results
Participants and subgroups
A total of N = 727 patients were enrolled in the CA-
NOVA study. Among these, N = 669 patients (92.0% of
enrolled subjects) were eligible based on inclusion/exclu-
sion criteria [27]. Considering only the biologic drug on-
going at the enrolment visit (or the most recently
interrupted, if any), the most frequently used biologic
medication for psoriasis in the eligible population was
secukinumab (41.0%; n = 274), followed by ustekinumab
(25.3%; n = 169), adalimumab originator (13.0%; n = 87),
and ixekizumab (12.1%; n = 81). The complete list of bio-
logics in use at enrolment is reported in Table 1.
Overall median treatment duration was 17.9 months

(interquartile range (IQR) 13.8–23.2; N = 669). In the
treatment subgroups, the median treatment duration
ranged from 14.2 months (IQR 11.9–16.3; N = 81) for
the ixekizumab subgroups to 20.2 months (IQR 15.1–
25.0; N = 168) for the ustekinumab subgroups.
Considering the reference biologic therapy, naïve pa-

tients were 52.1% of the overall sample, while 33.8% re-
ceived only one previous biologic line, and 14.1%

received more than one previous biologic treatment. The
proportion of naïve patients was similar in the secukinu-
mab, ustekinumab, and adalimumab groups, while
biologic-naïve patients were about 35% of the ixekizu-
mab group. Patients switching from one biologic treat-
ment to another during the observation period were
6.4% of the overall population.

Resource consumption
Table 2 provides a summary of resources used (specialist
outpatient visits, tests/procedures/ instrumental exami-
nations, GP visit, ED access, hospitalisation, and day-
hospital visit) in the overall cohort, in terms of: i) pro-
portion of patients using the resource at least once, dur-
ing the observation period; ii) average rate of utilisation,
per patient/year. As expected, almost all patients re-
ferred to specialists for moderate-to-severe plaque psor-
iasis management. Only 5.7% of the overall cohort of
patients (n = 38) went to the GP for a plaque psoriasis-
related issue, while nearly all of them (97.9%; n = 655)
had at least one specialist outpatient visit during the ob-
servation period. The mean rate of specialist outpatient
visits was 3.7 per patient/year (standard deviation (SD):
1.6; median: 3.6; IQR range: 2.7–4.7).
Use of tests, procedures and instrumental examina-

tions was common in the observed cohort. The number
of patients receiving at least one test, procedure, or in-
strumental examination for moderate-to-severe plaque
psoriasis during the observation period was n = 516
(77.1%). On average, patients received 6.5 examination
per year (SD: 6.1; median: 5.2; IQR: 0.8–10.6). The most
common examinations (conducted in > 50% of the over-
all patients) were blood cell count, liver function test,
kidney function test, glycemia.
The use of hospital resources (hospital admissions, ED

accesses, duration of hospitalisation) during the

Table 1 Biologic treatments details: type of treatments (Eligible
patients)

Reference biologic treatment line Eligible patients
N = 669
n (%)

Secukinumab (Cosentyx) 274 (41.0%)

Ustekinumab (Stelara) 169 (25.3%)

Adalimumab (Humira) 87 (13.0%)

Ixekizumab (Taltz) 81 (12.1%)

Certolizumab 19 (2.8%)

Etanercept (Enbrel) 17 (2.5%)

Etanercept (Benepali) 13 (1.9%)

Adalimumab (Amgevita) 5 (0.7%)

Golimumab 3 (0.4%)

Adalimumab (Imraldi) 1 (0.1%)
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observation period was extremely low, with only: i) 1.3%
of the overall patients (n = 9) having at least one hospital
admission; ii) 0.1% of the overall patients (n = 1) having
one emergency department admission (due to a
treatment-related adverse event); iii) 3.9% of the overall
patients (n = 26) having at least one day-hospital visit. As
a result, the economic impact of hospital care for the
n = 669 patients followed-up during the observational
period was negligible, compared with the cost of the
pharmacological treatment with biologic drugs.

Annualised costs
Figure 1 shows the results of the moderate-to-severe
plaque psoriasis management and biologic therapy cost
analyses, respectively. On average, the annualised man-
agement cost of the overall cohort was €15,001 (inter-
quartile range (IQR): €13,785 - €15,779). Almost all of
this cost (98.34%) is attributable to biologic therapy
(mean: €14,752; IQR range: €13,623 - €15,562). A certain
variability of management costs was observed, by type of
biologic drug. Adalimumab originator and ixekizumab
were the subgroups with the lowest (€13,255) and

highest (€17,858) annualised cost (Fig. 1), respectively.
The variability of annualised costs was driven by the dif-
ference in the acquisition costs of the biologics. Same
cost-ranking was observed in the management costs,
with the adalimumab originator subgroup being the
cheapest (€13,055) cohort of patients and ixekizumab
the most expensive (€17,557).

Cost per response analysis
The cost per response analysis was carried out on differ-
ent numbers of patients at 16, 24, and 52 weeks. The
study was mainly retrospective, possibly implying a cer-
tain heterogenicity in the consistency of the collected
data. Not all patients had available complete data on
clinical response at all study timepoints.
Cost-effectiveness of biologic therapies was evaluated

by calculating the cost per responder ratio, defined as
the cost required to successfully treat one patient
(achieve clinical response). Calculation of cost per re-
sponder ratios depended on: i) timeframe (16 weeks, 24
weeks, 52 weeks); ii) type of outcome used to define

Table 2 Use of healthcare resources, by type (sorted by utilisation rates)

Resource Number of patients using the
resource (n)

Proportion of patients using the
resource
(%)

Frequency of resource
use
(n per patient/year)

Specialist outpatient visits 655 97.9% 3.7

Tests/Procedures/Instrumental
examinations

516 77.1% 6.5

GP visits 38 5.7% 0.1

Day-hospital visits 26 3.9% 0.1

Hospitalisations 9 1.3% NC

ED accesses 1 0.1% NC

ED: Emergency Department; GP: General Practitioner; NC: Not Calculated

Fig. 1 Annualised costs of patient management and biologic therapy (Mean, C.I. 95%)
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“response” (PASI 75, PASI 90, PASI 100, sustained PASI
75 as post-hoc analysis).
Table 3 shows the results of the cost per response ana-

lysis, over the 16-, 24-, and 52-week period. At 16 weeks,
secukinumab showed systematically the highest response
rate through all the PASI criteria considered. Ixekizu-
mab, ustekinumab, and adalimumab originator were
ranked second, third, and fourth in the biologic response
rate, considering PASI 75 and PASI 90 outcomes. The
second, third, and fourth biologic in terms of PASI 100
response rate were ixekizumab, adalimumab originator,
and ustekinumab.
At 24 weeks, secukinumab showed the highest PASI

75 and PASI 90 response rate while the highest PASI
100 response rate was observed in adalimumab origin-
ator. The ixekizumab subgroup showed the highest PASI
75 and PASI 90 cost per responder ratio, followed by the
ustekinumab, secukinumab, and adalimumab originator

subgroups. The highest PASI 100 cost per responder ra-
tio was observed in the ustekinumab subgroup, followed
by the ixekizumab, secukinumab, and adalimumab ori-
ginator subgroups.
At 52 weeks, ustekinumab showed the highest PASI 75

response rate whereas the highest PASI 90 and PASI
100 response rate were observed in ixekizumab. In terms
of response rate, secukinumab always ranked second. At
52 weeks, the lowest and second lowest cost per re-
sponder ratio subgroups were systematically adalimumab
originator and secukinumab. The ustekinumab subgroup
showed the highest PASI 90 and PASI 100 cost per re-
sponder ratio while the most expensive PASI 75 cost per
responder drug was ixekizumab.

Cost per sustained response analysis (post-hoc analysis)
An additional post-hoc cost per response analysis, based
on PASI 75 sustained response at 52 weeks, was

Table 3 Results of the cost per response analysis at 16, 24, and 52 weeks

Outcome Parameter Week Overall Secukinumab Ustekinumab Adalimumab originator Ixekizumab

PASI 75 Number of evaluated patients (N) 16 405 165 118 38 49

24 380 154 105 46 38

52 551 241 145 63 65

Response rate (%) 16 86% 95% 80% 74% 90%

24 90% 97% 87% 83% 89%

52 91% 93% 94% 87% 91%

Cost per responder ratio (€) 16 €9774 €9015 €11,689 €7848 €11,092

24 €11,652 €10,982 €13,617 €10,069 €13,710

52 €20,281 €19,932 €21,387 €18,491 €22,084

PASI 90 Number of evaluated patients (N) 16 391 162 113 36 46

24 362 150 95 45 35

52 540 238 140 62 63

Response rate (%) 16 59% 64% 56% 50% 63%

24 74% 84% 69% 67% 71%

52 75% 77% 74% 71% 81%

Cost per responder ratio (€) 16 €14,378 €13,395 €16,806 €11,560 €15,839

24 €14,213 €12,742 €17,035 €12,477 €17,172

52 €24,662 €23,978 €27,522 €22,755 €24,743

PASI 100 Number of evaluated patients (N) 16 421 172 123 38 52

24 393 158 107 48 40

52 564 243 150 66 65

Response rate (%) 16 36% 42% 29% 32% 37%

24 46% 51% 38% 56% 53%

52 53% 55% 51% 52% 58%

Cost per responder ratio (€) 16 €23,350 €20,079 €32,031 €18,312 €27,129

24 €22,674 €20,857 €30,779 €14,784 €23,268

52 €35,045 €33,419 €39,280 €31,378 €34,289

PASI: Psoriasis Area Severity Index
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conducted to evaluate consistency of findings vs per-
protocol analyses. Results are shown in Fig. 2. The aver-
age cost per sustained response according to PASI 75
for the overall cohort was €23,480. The cost per re-
sponder ratio varied by treatment subgroup, with the
lowest value observed in the secukinumab subgroup
(€21,375), and the highest value observed in the adali-
mumab originator subgroup (€26,144). The cost per sus-
tained responder ratio in the ustekinumab and
ixekizumab subgroups was €25,425 and €24,902 respect-
ively. Patients treated with secukinumab had the highest
sustained response rate (86%) followed by ixekizumab
(80%), ustekinumab (78%), and adalimumab originator
(60%).

Discussion
Results of the CANOVA study showed that biologic
therapies were effective for the treatment of moderate-
to-severe plaque psoriasis in the real-world setting and
confirmed that biologic therapy is an important asset for
patients with moderate-to-severe disease. In most pa-
tients, the effect of treatment was observed early in time;
PASI 75 response rates were remarkable already at week
16 (85.93%) and kept increasing at week 24 (90.26%) up
to week 52 (91.47%). A similar trend was observed for
the overall PASI 90 responder rates, which progressively
increased from 58.57% at week 16, to 73.76% at week 24
and to 75.19% at week 52. Disease remission, measured
with PASI 100, was achieved by approximately half of
the patients during the study.
From an economic perspective, the study allowed: i)

quantification of the economic burden and analysis of
the utilization of healthcare resources; ii) assessment of
the cost per responder ratios, as an indicator of cost-
effectiveness of biologic therapies. The economic ana-
lyses were carried out for the overall cohort of patients
and for the biologic therapy subgroups that accounted

for at least 10% of the sample size within the CANOVA
study.
The annual economic impact of plaque psoriasis was

about €15,000 per patient, with some variability driven
by the different acquisition costs of biologics. This esti-
mate is aligned with relatively recent cost of illness ana-
lyses in plaque psoriasis [37, 38]. In our study,
annualised total costs in the subgroup of patients receiv-
ing secukinumab (€14,892) were in line with the overall
group (€15,001). This was somehow expected, as secuki-
numab was the most used drug in the CANOVA study
(41% of patients; N = 274 out of N = 669). However, the
difference became more evident by comparing the uste-
kinumab (€15,842), and the ixekizumab (€17,858) sub-
groups with the group of secukinumab treated patients.
Adalimumab originator was the cheapest biologic drug
among the considered treatments (€13,255) because of
its lower acquisition costs, in comparison to other ther-
apies. In fact, cost of biologics was the cost driver, ac-
counting for about 98% of total costs in all subgroups.
Secukinumab was the most frequently used biologic
drug, followed by ustekinumab, tumor necrosis factor
(TNF) inhibitors, and ixekizumab, a ranking that roughly
corresponds to the prescription trends for moderate-to-
severe plaque psoriasis in Italy [39]. Moreover, during
the CANOVA study period, biosimilars were not widely
used due to their recent market introduction.
This distribution of costs, by type of resource, was in

line with recent literature [40]. The distribution of costs
by type confirmed another well-known aspect of plaque
psoriasis, which is in common with other autoimmune,
inflammatory diseases (e.g. rheumatoid arthritis, anky-
losing spondylitis, etc.): management of these conditions
is almost exclusively carried out by specialised physi-
cians, who monitor their patients on a regular basis to
assess clinical response to pharmacological treatments
and prescribe typical routine tests to evaluate the course

Fig. 2 Results of the cost per sustained response analysis (based on PASI 75) at 52 weeks
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of the disease (e.g. inflammation markers, renal and liver
functions, imaging). Patients rarely consulted general
practitioners, and they never required acute care except
for rare, unexpected situations (e.g. acute disease pro-
gression, treatment-related adverse events).
In the CANOVA protocol, the cost per response was

selected as cost-effectiveness indicator, instead of the
typical incremental cost-utility ratio used in standard
cost-effectiveness analyses [41, 42]. Although less com-
mon than ICER, this indicator has already been used in
the past [43]. The choice of cost per response analysis
was driven by a number of factors intrinsically correlated
to the design of the CANOVA study: i) the objective of
the study was to provide a picture of the economic im-
pact of biologic treatments, and not to conduct 1:1 phar-
macoeconomic comparisons between biologics; ii) a
traditional cost-utility approach was not pursued be-
cause of the CANOVA study design, consisting 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 plaque psoriasis
when a longer time horizon (of at least 10 years) can be
observed, which is not the case of the CANOVA study.
The cost per response is an informative indicator be-
cause, in principle, it allows detecting treatment groups
with the lowest cost per therapeutic success and ranking
them according to economic opportunity.
In all the analyses, adalimumab originator and secuki-

numab had the lowest and second-lowest cost per re-
sponder ratio, respectively, with a slight difference
between the two. This difference was driven by the fact
thatsecukinumab requires an induction phase of 4 weeks
(5 secukinumab administration), while adalimumab does
not. Afterwards, during maintenance, the cost of the two
drugs becomes similar. However, the slightly higher
costs of secukinumab were offset by an earlier and more
sustained response, compared with adalimumab. Unlike
adalimumab originator and secukinumab, it was not pos-
sible to rank cost per responder ratio of the overall
group, and of the the ustekinumab and ixekizumab sub-
groups. As a matter of fact, the lowest cost per re-
sponder ratio among these three groups changed based
on type of indicator (PASI 75, PASI 90, PASI 100) and
time of assessment (16 weeks, 24 weeks, 52 weeks).
Finally, an interesting trend was found, concerning the

cost per sustained response. PASI 75 response rates at
week 52 of > 85% were observed in all different treatment
groups, suggesting that in a 1-year timeframe, biologics
guarantee remarkable clinical benefit in most patients.
However, time to response seemed to depend on treat-
ment, with earlier response rates being observed in the
secukinumab subgroup, followed by the ixekizumab, uste-
kinumab, and finally the adalimumab originator subgroup.

Therefore, the post-hoc analysis of the cost per sustained
response (PASI 75) showed some favourable trends for
secukinumab, driven by its high response rate, which was
achieved early in time (16 weeks) and confirmed subse-
quently (24 and 52weeks) in comparison with ixekizumab
and adalimumab originator. At 16 and 24weeks, secuki-
numab was associated with higher response rates than
ustekinumab; at 52 weeks, the response rate became simi-
lar in the two subgroups of patients (secukinumab:
93%,ustekinumab: 94%). The findings of this economic
analysis should be evaluated taking into consideration po-
tential limitations. First of all, it is likely that both annual
direct healthcare costs of the disease and cost per re-
sponse ratios might have been overestimated. In fact, the
cost of pharmacological treatment, which was the cost
driver in this analysis, was calculated using ex-
manufacturer unit prices, extracted from the databases of
the Italian Drug Agency (AIFA). Indeed, the price of these
therapies might be lower in the real world, as manufac-
turers might grant discounts during the procurement
process. Also, costs of therapies after procurement might
vary by region, and even by hospital, depending on local
purchase mechanisms. However, since the amount of such
discounts is not clearly known (rarely in the public do-
main), the use of official prices to conduct the analysis
was preferred. Secondly, one could argue that only direct
costs of the disease were captured, but it is well known in
literature that plaque psoriasis (as well as other auto-
immune conditions) poses a significant economic burden
on patients’ productivity [38]. Thirdly, at the date of the
study, biosimilars were little used due to their recent entry
into the market. However, their entry into the market
could change the study results. For this reason, an update
of the present analysis would be desirable, when more ro-
bust data are available, coming from real-world use.
Furthermore, given that the present analysis assessed

the cost of disease by treatment groups, another poten-
tial limitation is that costs were not adjusted by patient
characteristics at baseline. Plausibly, there could be het-
erogeneity in patients’ characteristics (in terms of co-
morbidities, health conditions) that might affect
selection of the appropriate therapy and hence costs and
response rates [19, 20]. However, due to the exploratory
purpose of the study (comparison by treatment groups
was not a primary objective), the authors believe that re-
sults of the analysis remain valid and informative.
Finally, in the assessment of clinical response at week

16, 24, and 52, the number of patients evaluated could
be variable at different time points. However, the calcu-
lation methodology adopted was designed to avoid po-
tential selection bias, also including patients who
discontinued treatment.
Despite those limitations, we still believe that the ana-

lysis has great value in informing budget holders on the
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costs sustained by the Italian National Health System
(SSN), and on consequent budget allocation. Further-
more, there might have been some differences in pa-
tients’ characteristics by treatment group, somehow
affecting the results of the stratified analyses. As a com-
ment to this methodological issue, it can be said that: i)
most of the potential confounding factors (time since
diagnosis, number of prior lines received, proportion of
patients switching to a new biologic therapy) were well
balanced by treatment group; ii) small treatment sub-
groups were excluded from stratified analysis to avoid is-
sues of consistency; iii) the economic analysis was not
designed to compare therapies among each other from
an economic perspective, or to test hypotheses of cost-
effectiveness superiority of one therapy versus the
others, but rather to describe costs and cost per re-
sponse, and eventually detect trends requiring further in-
vestigation in the future. For all these reasons, and
despite some possible limitations, this concomitant as-
sessment of treatment costs against the expected thera-
peutic response remains a valuable tool providing
physicians and payers with additional useful insights
which can complement the traditional risk-benefit pro-
file assessment and drive treatment decisions.

Conclusion
We acknowledge that the choice of the appropriate ther-
apy in a condition like plaque psoriasis is driven by com-
plex and individualised considerations, which would
include intrinsic patient characteristics that cannot be
easily incorporated in a simple “cost-effectiveness equa-
tion”. However, in the absence of long-term data show-
ing clear superiority of one drug versus the others, time
to response and then cost per response could provide
payers and prescribers with valuable information to in-
form on treatment decision-making.
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