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Abstract

Introduction: Psoriasis (psoriasis) is a chronic disease with a number of significant comorbidities and often with a very
significant impact on the quality of life of patients. Recently, a relatively large number of biological treatment products
with a significant effect have entered the market, but they are also significantly more expensive than systemic conventional
treatment. In the context of the published long period of inadequate treatment of patients with psoriasis in the Czech Republic,
the health care system and the limited costs of center drugs, it is necessary to make the greatest possible effort at the level of
the provider of this health care to effectively spend financial resources and provide highly effective treatment to the greatest
possible number of patients.

Method: With a model-set amount of the unit prices of the packaging of preparations according to the maximum
reimbursements in the Czech Republic in 2021, a fictitiously set amount of bonuses for only two selected preparations (this is
a model example that does not reflect the real state of business policy at the University Hospital Olomouc), and the conditions
for reimbursement of biological treatment preparations psoriasis in the Czech Republic in 2021, a cost-effectiveness analysis
(CEA) was carried out in the selected PASI 100 efficiency parameter. The analysis was carried out and processed interactively
in the Excel software into the graphical form of the outputs, especially in the form of forest plot graphs (in the CER and ICER
parameters) and in a two-dimensional efficient frontiers graph (costs vs. efficiency).

Results: The differences in the cost-effectiveness of individual preparations according to the point values of the CER and ICER
parameters are up to several times. Taking into account the 95% confidence intervals, some of the differences between the
preparations are also statistically significant. With the most cost-effective sequence of treatment for a gradually more effective
drug in one patient during the induction period of treatment, we can, based on the saved costs, start induction treatment with
a less effective biologic in two more patients than when using the second cost-effective sequence of treatment escalation.
Conclusion: The cost-effectiveness analysis (CEA) of biological drugs in the treatment of psoriasis at the level of the health
service provider has great potential in the effort to make the treatment as effective as possible with limited financial resources,
or in the effort to provide effective treatment to additional patients with the same limitations.
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Introduction

Psoriasis (psoriasis) is a chronic inflammatory disease
with typical skin symptoms. We include it in the group of
immune-related diseases. From an etiopathogenetic point of
view, psoriasis is viewed not only as a purely skin disease, but
rather as a systemic disease [1]. Worldwide, the prevalence
of psoriasis varies between 0.5-11.4 % in adults and 0-1.4 %
in children. Prevalence increases with increasing geographic
distance from the equator [2]. According to the NZIS report
[3], a total of 97,450 patients were treated for psoriasis in
the Czech Republic in 2017. However, the total number of
patients in the Czech Republic may be up to 300,000, which
is also due to the complexity of the exact determination of
the diagnosis [4]. It is reported [5,6] that approximately 70
- 80 % of patients with plaque psoriasis (see below) have a
mild form of the disease that can be managed with topical
treatment.

The basic manifestation of psoriasis is a slightly raised,
bordered papule of red color, which is covered with easily
identifiable silvery scales [1]. Hyperproliferation of the skin
in patients with psoriasis is characterized in particular by
an accelerated renewal of the epidermis (4 days in psoriasis
vs. 27 days in normal skin). Psoriatic skin also has abnormal
differentiation of keratinocytes manifested by different ratios
of individual types of keratin compared to healthy skin. The
main clinical types of psoriasis are:

e  Chronic focal (plaque) psoriasis (is the most common
form, accounting for 55 - 79 % of cases).
guttate psoriasis.
pustular psoriasis.

e erythrodermic psoriasis [2].

Psoriasis patients also often have various comorbidities,
e.g.: psoriatic arthritis (may be present in up to 30 % of
psoriasis patients), depression (up to 10 % of patients),
metabolic syndrome, type 2 diabetes mellitus, chronic renal
insufficiency (in moderate severe to severe psoriasis), ocular
manifestations (e.g. blepharitis, conjunctivitis, uveitis) [2,7].

Psoriasis is a genetically determined disease, other
risk factors are certain environmental and lifestyle factors
(e.g.: smoking, obesity, alcohol use, certain medications).
In the past, psoriasis was perceived as a disease caused
by hyperproliferation, now it is understood as a complex
disease with a complex interaction (controlled by cytokines
- eg: TNFq, IL-12, 1L-17, 1L-22, IL-23) between the cells

Duda J. Cost-Effectiveness Analysis of Biologics in the Treatment of Moderate-to-Severe Plaque

of the immune system (especially dendritic cells and
T-lymphocytes) and keratinocytes [1,2,8].

The following scoring systems [6,9,10] are most often
used to assess the severity of psoriasis - the first three (listed
below) are assessed by healthcare professionals, the last is
assessed by the patient:

e PASI (Psoriasis Area and Severity Index), the value
ranges from 0 to 72, a value above 10 means moderate to
severe psoriasis, above 20 means very severe psoriasis.

e BSA (Body Surface Area), a value above 10 % means
severe psoriasis.

e PGA (Physician Global Assessment), the value usually
ranges from 0 to 7, possibly up to 6 or 5, a value of 3 or
more usually means moderate to severe psoriasis.

e DLQI (Dermatology Life Quality Index), the value ranges
from 0 to 30, a value higher than 5 means a moderate
effect on the quality of life, a value above 10 means a
large impact of psoriasis on the patient’s quality of life.

The PASI score is also used as a parameter of treatment
response [11] in this case the value is then reported as a
percentage response rate (e.g. PASI 75 means achieving a
75 % or greater reduction in the initial PASI score before
treatment, PASI 100 means achieving complete healing
of skin lesions). Achieving PGA 0/1 is also often used as a
parameter for successful treatment [10].

In mild forms of psoriasis, treatment is usually started
with local agents (e.g. corticosteroids, vitamin D3 derivatives,
tars, ichthamol, cignolin), in moderate to severe psoriasis,
light treatment (NBUVB, PUVA or re-PUVA) or systemic
treatment with combination of local therapy [9] (Figure 1).

Systemic treatment can be divided into [8,10]:

e conventional (e.g. cyclosporine, methotrexate, acitretin).

e targeted via “small molecules” (e.g. PDE4 inhibitor
(e.g. apremilast), JAK inhibitors (e.g. deucravacitinib,
tofacitinib).

e targeted through biological drugs (currently: anti-TNFa,
anti-IL 12/23, anti-IL 17 and anti-IL 23 preparations).

According to the recommendations of the EuroGuiDerm
group [10], it is now possible to start the treatment of
severe psoriasis with so-called “first-line” biologics, if the
insufficient effect of conventional systemic treatment can be
assumed (Figures 2 & 3).
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Figure 1: Algorithm for the first-line treatment of moderate to severe focal (plaque) psoriasis without comorbidities
(modified according to the French recommendation [12] note CSA (ciclosporin), MTX (methotrexate), NBUVB (narrowband
UVB phototherapy), PUVA (psoralen UVA phototherapy), re-PUVA (retinoid, psoralen UVA phototherapy).

not shown in the picture).

Figure 2: overview of treatment options for moderate to severe focal (plaque) psoriasis (modified according to the
EuroGuiDerm recommendation from 2020 [10] note: phototherapy is not addressed in this recommendation, therefore it is

An explanation must be attached to Figure 2 that
apremilast is not (as of 18/09/2021) reimbursed for
psoriasis in the Czech Republic [13] and according to the
reimbursement conditions in the Czech Republic (as of
18/09/2021) biologics cannot be used for psoriasis alone,
without meeting the conditions listed below, can be used
as 1st line systemic treatment [13] they can be used in the
treatment of psoriasis with a PASI of more than 10 in adults
where two of the following conventional systemic treatments
cannot be used: acitretin, methotrexate, ciclosporine or
phototherapy (PUVA or NBUVB) due to lack of effectiveness,
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intolerance or contraindications. The conditions for
treatment termination or direct transfer to another biologic
(exceptfor termination due to an adverse effect) are as follows
in the Czech Republic [13] failure to reach the PASI 50 value
(for anti-TNFa and ustekinumab) or PASI 75 (for anti-IL 17
and anti-IL 23) after 16 weeks of treatment (after 12 weeks
only for etanercept) or a decrease in the effectiveness of the
established treatment below PASI 50 or with effectiveness in
the PASI 50-75 interval, if the DLQI value is > = 5 at the same
time.
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to the Belgian recommendation [36]).

Figure 3: evidence for the use of specific systemic treatment in psoriasis under different clinical conditions (modified according

Anti-IL 12/23, anti-IL 17 and anti-IL 23 preparations
can also be used in the Czech Republic as next-line biological
treatment preparations for psoriasis with a PASI of more than
10 in adults [13] under the condition that a PASI value of 50
has not been reached after 3 or 4 months (depending on the
type of product) of previous biological treatment; or there
has been a decrease in the effectiveness of the established
biological treatment below PASI 50 or with effectiveness in
the interval PASI 50-75, if at the same time the DLQI value is
>=5; or another biological treatment is contraindicated, or
the previous biological treatment is discontinued due to an
adverse effect.

Anti-TNFa preparations, as well as secukinumab with
ixekizumab, are additionally reimbursed in the Czech
Republic as of 18/09/2021 [13] for adult patients with
psoriasis with a PASI of more than 10 who simultaneously
have active psoriatic arthropathy, where methotrexate
cannot be used due to insufficient effectiveness, intolerance
or contraindications. Ustekinumab and guselkumab can also
be used in patients with psoriasis and current active psoriatic
arthropathy according to the SPCs as of 18/09/2021 [13],
but this option is not explicitly stated in the reimbursement
conditions for the given product in the Czech Republic.

As of 31 December 2020, a total of 2,474 patients were
treated with biological or targeted treatment for psoriasis in
the Czech Republic, a total of 366 patients [14] started their
first biological or targeted treatment in 2020.

Due to the wide portfolio of biological treatment
products that can be used in the Czech Republic for moderate
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to severe psoriasis (hereinafter referred to as “psoriasis”),
and also due to the fact that their price is higher than that
of conventional products, and that their prescription is tied
to specialized care centers, only the biological treatment
preparations themselves were selected for our cost-
effectiveness evaluation. The perspective of the health care
provider was chosen due to the different methodology
used for pharmacoeconomic analyzes carried out by SUKL
(State Institute for Drug Control in Czech Republic - this is
the perspective of the insurance payer) [5], the maximum
reimbursement amount of the product set by SUKL may
also exceed the real prices at a specific provider due to, for
example, individually agreed bonuses falling under trade
secrets [15]. Biological treatment preparations are billed
as a separately billed preparation to the health insurance
company only by specialized workplaces, on the basis of a
contract concluded between them and the health insurance
company [13], these centers of specialized care also have a
limited annual budget determined by the reimbursement
legislative [15].

The aim of our work is to verify the hypothesis that the
model chosen by us for the analysis of the cost-effectiveness
of biological drugs indicated and reimbursed for psoriasis
(in the context of modeled prices and health care provider
bonuses) can clearly quantify the effectiveness of the limited
financial resources spent and will allow the creation of a
proposal for a treatment escalation algorithm with the aim
of enabling the most effective treatment for the greatest
possible number of patients at limited costs.
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Method

A cost-effectiveness analysis (hereafter referred to as
“CEA”) was chosen for the pharmacoeconomic evaluation of
biological treatmentof psoriasis [16]. The PASI 100 parameter
was chosen for mutual comparison of the treatment effect
of individual preparations, separately after the induction
period (10-16 weeks depending on the preparation) and
separately after long-term use (48-52 weeks depending
on the preparation) based on the results of an indirect
comparison through a network meta-analysis (further just
“NMA”), including the indicated 95 % confidence intervals
(hereafter “95% CI”) [17]. For etanercept after an induction
period of 100 mg weekly for 12 weeks, a PASI 100 value
was used based on the results of an indirect comparison
through another NMA [18]. Due to the unavailability of data
on the efficacy of certolizumab and infliximab after long-
term use (48-52 weeks) in the sought-after NMAs, for the
purposes of this analysis, the values from PASI 100 achieved
after the induction period were taken for these products -
the limitations of this assumption are listed below in the
Discussion section. Although the reimbursement conditions
for biological treatment preparations in the Czech Republic
[13] are determined by achieving a PASI value of 50 or 75,
only the PASI 100 parameter was selected for this CEA - the
reasons for its selection and limitations are given below in
the Discussion section.

Comparisons of the effectiveness of individual
preparations in the parameter PASI 100 (especially after
the induction period and especially after long-term use)
were processed in the form of forest plot graphs [19] in the
parameter number needed to treat (hereinafter referred to
as “NNT”) [20] for PASI 100 and that including 95 % CI. As a
supplement to the results from the above-mentioned NMA, an
overview of the total number of patients assigned to a given
biologic as the 1st, 2nd, or 3rd choice was also processed and
the % of patients assigned who were transferred to another
biologic, or have completed treatment with the given biologic,
based on the data of the Dermatologic Clinic of University
Hospital in Olomouc from 2016 to 8/27/2021.

For the purposes of modeling this CEA, the prices for
the unit packaging of the preparations were taken from the
values of the maximum reimbursements set by SUKL as of
18/09/2021 [13], and for the purposes of the modeling we
used a fictitious bonus of 30% only for Zessly and Hyrimoz
brands preparations (this is a model example of a price
reduction based on an agreement between the manufacturer
and the hospital not reflecting the current situation!).
Packages registered, paid for and traded in the Czech
Republic as of September 18, 2021 [13] were used as unit
packages of preparations. For individual preparations, the
total treatment prices for the induction period (i.e. the first
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16 weeks of treatment (for etanercept for the first 12 weeks)
were calculated, due to the need to evaluate the achievement
of a certain percentage PASI after the end of the induction
period as a condition for further reimbursement according
to the conditions set by SUKL (see above). The total price for
treatment with individual preparations was also calculated
separately after long-term use (i.e. for one year of treatment
(52 weeks), with the dosage maintained in the maintenance
regimen throughout this period).

The dosage used to calculate the prices was taken from
the recommendations in the SPCs [13] of the individual
products and according to the corresponding data on
effectiveness [17,18], in the case of the products listed below
with more options, the following dosage was used:

e Stelara (only a dose of 45 mg was chosen for patients up
to 100 kg due to reimbursement in the Czech Republic
only for dose 45 mg).

e Enbrel (a higher induction dosage of 100 mg per week
until the 12th week was chosen because its effectiveness
(according to the PASI 100 parameter) is almost 2x
higher than with a lower dosage of 50 mg per week).

e Cimzia (both dosage variants chosen, i.e. 200mg or
400mg after the initial 3 doses).

e Humira and Hyrimoz (after an initial dose of 80 mg, a
dosage of 40mg every 2 weeks was chosen).

e Inflectra and Zessly (selected 70kg patient weight to
calculate the dose of 5mg/kg and also assuming the
possibility of dividing doses from one bottle of the
preparation).

The results of CEA were processed in Excel software in
the form of forest plot graphs [19] in parameters CER [21] and
ICER [16] including 95% CI according to PASI 100, separately
after the induction period and separately after long-term
use. The results of CEA (point values only) were also shown
together both after the induction period and after long-term
use in a two-dimensional graph (cost vs. effectiveness) with
the efficient frontiers lines [22] marked, separately for the
induction period and separately for long-term use with
with the exception of preparations containing infliximab
- because of its specific position among biologic drugs (i.e.
administration by IV infusion and the highest frequency of
discontinuation of treatment of all compared biologics due to
adverse effects - see above). All the above graphs correspond
in the Excel software with the corresponding table of unit
prices of preparations and bonuses. This enables immediate
interactivity and graphic visualization during any change
in input variables (i.e. unit prices, bonuses, efficiency data,
or addition of a new product). Based on these results, an
algorithm of recommended lines of individual biologics was
proposed both for patients with only plaque psoriasis and for
patients with simultaneously active psoriatic arthropathy,
and individual preparations were also compared in terms
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of advantages vs. disadvantages according to clinical
[6,13,17,18,23] and pharmacokinetic-dynamic parameters
[13,24].

Results

As the most effective biologics in the PASI 100 parameter
after the induction period, ixekizumab, risankizumab and
brodalumab are very likely (Figure 4) - their NNT point

value of 2.5 is approximately the same for all of them (the
difference from secukinumab and guselkumab is, however,
only on the border of statistical significance), the least
effective is most likely etanercept Figure 4. In the PASI 100
parameter after long-term use, risankizimab is very likely
the most effective preparation - the NNT point value is 1.5
(the difference from brodalumab and guselkumab is also
only at the limit of statistical significance) (Figure 5).

Figure 4: effectiveness of biologics in the PASI 100 parameter after the induction period (the range for adalimumab is
highlighted for the purpose of visualizing CI differences/overlaps for the preparations - see text in the Results section).

Figure 5: effectiveness of biologics in the PASI 100 parameter after 1 year of treatment (the range for adalimumab is highlighted
for the purpose of visualizing the differences/overlaps of the CI for the preparations - see the text in the Results section).
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According to the point values, only these three above the
listed preparations reach an NNT below 2. The least effective
is most likely, as well as after the induction period, etanercept
Figure 5. Although certolizumab has NNT values similar to
etanercept, the informative value of the result is limited by
taking long-term efficacy values as values after the induction
period of therapy. Risankizumab (Skyrizi) and brodalumab
(Kyntheum) are therefore probably the preparations with
the highest efficacy in the PASI 100 parameter both after the
induction period and after long-term use. Both charts show
that anti-IL-17 and anti-IL-23 preparations are statistically
significantly more effective than anti-TNFa preparations
(exceptinfliximab) and also than anti-IL 12/23 preparations.
Of the anti-TNFa preparations, etanercept is probably the
least effective.

From the overview of the number of patients switched
at the Olomouc University Hospital to another biological

product (except for cases of transfer to a biosimilar product

and when evaluating only original products for those

substances that already have biosimilar alternatives) or from

the rates of treatment termination given as 1st- 3rd choice of

biologic drug Table 1 follows the following order of patient

persistence on treatment (arranged in descending order

- for preparations with a small number of patients, a high

probability of result distortion must be assumed):

e anti-IL 23 preparations (so far but there are few patients
on them, especially on risankizumab).

e anti-IL 17 ixekizumab and brodalumab (he also has few
patients so far).

e anti-IL 17 secukinumab, anti-IL 12/23 ustekinumab and
anti-TNFa infliximab.

e anti-TNFa adalimumab.

e anti-TNFa etanercept. Certolizumab was not ranked
because of the small number of patients.

of witch:
1st choice - . -
number of Switch (%) approx. median | Termination of | Switch to
paitents )| time to switch | treatment (%) | biosimilar
ENBREL (etanercept) inhibiltor TNF alfa 34 62% 16 months 15%
HUMIRA (adalimumab) |inhibiltor TNF alfa 30 57% 13 months 7% 33%
HYRIMOZ (adalimumad) |inhibiltor TNF alfa 22 14% 16 months
REMICADE (infiliximad) |inhibiltor TNF alfa 11 55% 19 months 45%
REMSIMA (infliximmad |inhibiltor TNF alfa 6 67% 13 months 33%
INFLECTRA (infliximab) |inhibiltor TNF alfa 0
CIMZIA (certolizumab) |inhibiltor TNF alfa 8 25% 6 months
STELERA (ustekinumab) ‘“h‘bllli‘fgémza 12 42% 22 months 17%
COSENTYX (secukinumab) | inhibiltor IL- 17A 28 25% 15 months 4%
cannot be
TALTZ (ixekizumab) | inhibiltor IL- 17A 9 119 | Ocunted-onlyl
patient switched -
15 months
inhibiltor IL- 17A
0,
KYNTHEUM (brodalumab) IL-17F a 1L-25 6 33% 17 months
TREMFYA (guselkumab) | inhibiltor IL-23 8 median usage: 8 50%
months
SKYRIZI (risankizumab) | inhibiltor IL-23 3 median usage: 21
months

Table 1: Overview of patients placed on biological treatment as 1st, 2nd or 3rd choice at the University Hospital in Olomouc.

According to the total price of drug therapy for the
induction period of treatment (i.e. the first 16 weeks of
treatment (with etanercept for the first 12 weeks), the
cheapest drug is Hyrimoz (adalimumab) in the amount of
CZK 42,318 (Table 2), the cheapest drug other than anti-
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TNFa of preparations is Kyntheum (brodalumab) in the
amount of CZK 120,721 (i.e. almost 3 times more expensive
than Hyrimoz), the most expensive preparations are
Taltz (ixekizumab), Cosentyx (secukinumab) and Skyrizi
(risankizumab) in the amount of approximately CZK
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210,000 for the first 16 weeks of treatment. According to
the total price of therapy with the product after long-term
use (i.e. for a year of treatment (52 weeks) with a dosage
in the maintenance regimen maintained throughout this
time), the cheapest product is Zessly (infliximab), but due
to the specific position of infliximab among biologics (i.e.
administration in the form of i.v. infusion and the highest
frequency of discontinuation of treatment of all compared

biologics due to adverse effects) will be the most commonly
used preparation in terms of frequency of administration,
second in order Hyrimoz (adalimumab), in the amount of
CZK 110,027 Table 2. The cheapest product other than anti-
TNFa preparations is Stelara (ustekinumab) in the amount
of approx. 270,000 CZK (i.e. it is approx. 2.5 times more
expensive than Hyrimoz), followed by other non-anti-TNFa
preparations in the same amount of approx. 310,000 CZK.

Price of Maintainance | Price for the First 16
Treatment for 1 Patient/| Weeks of Treatment
Active Year Including Crediting| (Etanercept for 12
The Name of the Drug Substance Mechanism of Action | of Bonuses (According | Weeks) for 1Patient
to Doses in the SPCs or | Including Crediting of
in Parenthesis Next to |Bonuses (According to
the Name of the Drug) Doses in SPC s)
HYRIMOZ 40 mg inj. (at a dose
of 40 mg every 2 weeks after an | adalimumab inhibitor TNF-alfa 110 027 Kc 42 318 Kc
initial dose of 80 mg)
INFLECTRA 100mg inf. 1x100mg|
(prices are for a 70 kg patient, infliximab inhibitor TNF-alfa 133 363 Kc 82 070 Kc
when dividing inj. Bottle)
KYNTHEUM 210 mg. inj. 2x1,5ml| brodalumab mh‘b‘tor;h;l;sA' L-17F 313 874 Kc 120 721 Kc
TALTZ 80mg inj. 2x1 ml ixekizumab inhibitor IL-17A 313879 Kc 217 301 Kc

ZESSLY 100mg inf. 1x100mg
(prices are for a 70 kg patient, infliximab inhibitor TNF-alfa 93 354 Kc 57 449 Kc

when dividing inj. Bottle)

TREMFYA 100mg inj. 1x1ml guselkumab inhibitor IL-23 313876 Kc 144 866 Kc
COSENTYX 150 mg inj. 2x1ml | secukinumab inhibitor IL-17A 314737 Kc 209 824 Kc
HUMIRA 40mg inj 2x0.4ml (at
a dose of 40mg every 2 weeks | adalimumab inhibitor TNF-alfa 157 181 Kc 60 454 Kc
after an initial dose of 80 mg)

ENBREL 50mg inj. 4x1ml (ata
dose of 100mg per week until | oo inhibitor TNF-alfa 158 178 Kc 72 543 Kc
the 12th week, 50 mg once per
week)
STELARA 45 mg inj. 1x0.5ml
(only a dose of 45 mg was chosen
for patients up to 100 kg due to | ustekinumab | inhibitor IL-12 a IL-23 267 809 Kc 185 421 Kc
reimbursement a dose of only 45
mg in the Czech Rep)
CIMZIA 200 mg inj. 2x1ml (while| certolizumab | = b rNE. a1 157 179 Kc 72 544 Kc
maintaining dose of 400mg) pe gol
CIMZIA 200 mg inj. 2x1ml (while| certolizumab | ;15 se - PNE.alfa 314 357 Kc 108 816 Kc
maintaining dose of 400mg) pe gol
SKYRIZI 75mg inj. 2x0.83ml | risankizumab inhibitor IL-23 305076 Kc 210 397 Kc

Table 2: Therapy prices for the induction period and for maintenance treatment for 1 year (Hyrimoz is listed first (for the
reasons for its priority, see the Results section), the ordering of the other preparations in the table is random and does not reflect

the order of preference!).
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When comparing the cost-effectiveness of the
preparations in the CER parameter (i.e. the total price spent
on treating patients with a given preparation to achieve PASI
100 in 1 patient after 16 weeks of treatment (for etanercept
in 12 weeks), respectively the total price for maintaining
PASI 100 in 1 patient after 1 year of treatment) is the most
cost-effective according to the point values, after excluding
products with infliximab, always Hyrimoz (adalimumab),
both after the induction period (CER = 269,565 CZK /
PASI100 Figure 5 and after long-term use (CER = CZK 409,299
/ PASI 100 Figure ). After the induction period, Hyrimoz
(adalimumab), after excluding products with infliximab,

is statistically significantly more cost-effective in the CER
parameter than the other products, except for Kynthea
(brodalumab) - but this is almost 3 times more expensive
than Hyrimoz Figure 10. After long-term use, Hyrimoz
(adalimumab), after excluding infliximab preparations
and other adalimumab preparations, is statistically only
insignificantly more cost-effective in the CER parameter than
Skyrizi (risankizumab), Kyntheum (brodalumab), Tremfya
(guselkumab) and Taltz (ixekizumab) - those but they are
almost 3 times more expensive than Hyrimoz (Table 2) and
(Figures 6 & 7).

Figure 6: cost-effectiveness of biologics in the CER parameter during the induction period of treatment (the range for Hyrimoz
is highlighted for the purpose of visualizing CI differences/overlaps for the preparations - see text in the Results section).

Figure 7: cost-effectiveness of biologics in the CER parameter in maintenance treatment for 1 year (the range for Hyrimoz is
highlighted for the purpose of visualizing CI differences/overlaps for the preparations - see text in the Results section).
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Hyrimoz (adalimumab) is therefore the cheapest and
most cost-effective preparation in the CER parameter in our
model, after excluding preparations with infliximab. When
comparing the cost-effectiveness of the preparations through
ICER to Hyrimoz, namely to its point value of effectiveness in
PASI 100, after the induction period, excluding preparations
with infiximab, Kyntheum is statistically significantly
more cost-effective (brodalumab - its point value ICER =

CZK 318,400 / PASI 100 (Figure 8). Next in order, Tremfya
(guselkumab), Skyrizi (risankizumab) and Taltz (ixekizumab)
have an ICER point value for Hyrimoz approx. 2x higher than
Kyntheum. In terms of costs for the duration of induction
treatment, however, Tremfya is only about 24,000 CZK more
expensive than Kyntheum, while Skyrizi and Talz are about
90,000 CZK, respectively CZK 96,000 more expensive than
Kyntheum Table 2.

Figure 8: cost-effectiveness of biologics compared to Hyrimoz in the ICER parameter during the induction period of treatment
(the range for Kyntheum is highlighted for the purpose of visualizing CI differences/overlaps for the preparations - see text in
the Results section).

Figure 9: cost-effectiveness of biologics compared to Hyrimoz in the ICER parameter in maintenance treatment for 1 year
(range for Skyrizi is highlighted for visualization of CI differences/overlaps for the preparations - see text in the Results section).

After long-term use, again excluding preparations
with infiximab, Skyrizi is statistically almost significantly
more cost-effective (risankizumab - the ICER point value

compared to treatment with Hyrimoz is CZK 506,914 /
PASI 100 (Figure 9) and compared to others in the order of
Kyntheum (brodalumab) and Tremfya (guselkumab) has an

Duda J. Cost-Effectiveness Analysis of Biologics in the Treatment of Moderate-to-Severe Plaque
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ICER of more than CZK 200,000 / PASI 100 lower. The price
of a one-year maintenance treatment with Skyrizi is even
about CZK 8,000 cheaper than treatment with Kyntheum
or Tremfya (Table 2 and Figure 10). The ICER parameter in
our model can be interpreted as follows: “how many extra

CZK will I spend to achieve PASI 100 in 1 extra patient in the
first 16 weeks of treatment (for etanercept in 12 weeks), or
how many CZK will I spend extra to keep 1 extra patient on
PASI 100 for 1 year of treatment compared to treatment with
Hyrimoz”".

(for the reasons, see the text in the Results section).

Figure 10: cost-effectiveness of biologics in a two-dimensional graph (cost vs. effectiveness) with efficient frontiers (yellow
color and triangle marks indicate the induction phase of treatment, blue color and diamond marks indicate maintenance
treatment, blue dashed line indicates the inclusion of KYNTHEUM as a 2nd-line drug after HYRIMOZ due to the result of the
line of effectiveness after the induction phase of treatment, the underlined preparations indicate the preparations belonging to
the most cost-effective - with the exception of preparations containing infliximab due to its specific position among biologics

Based on the above mentioned results of our model, it
is possible to propose the most cost-effective sequence of
administration lines of individual biologics (i.e. escalation
of treatment) both for patients with plaque psoriasis
only (hereinafter referred to as “without PsA”) and for
patients with simultaneously active psoriatic arthropathy
(hereinafter referred to as “with PsA”) (Table 3). The
preparation Hyrimoz (adalimumab) can be proposed as a
first-choice preparation both in patients without PsA and
in patients with PsA - adalimumab is also listed among the
first-line biological treatment preparations according to
the EuroGuiDerm recommendation from 2020 [10] (Figure
2) Zessly, although according to the CER point values it is
approximately 1. -1.25x more cost-effective than Hyrimoz
(Table 3), but only statistically insignificant Chart 3 and
Chart 4 and with maintenance treatment in 1 year is even
cheaper than Hyrimoz, it should only be used in patients with
the impossibility of administration or the ineffectiveness of

Duda J. Cost-Effectiveness Analysis of Biologics in the Treatment of Moderate-to-Severe Plaque

Hyrimoz (e.g. due to the high frequency of administration of
maintenance doses, or due to the need to achieve arapid onset
of effect (Table 4), and this when accepting IV administration
by the patient. With Zessly, this recommendation is proposed
due to its specific position (i.e., it is the only biologic that is
administered by IV infusion and has the highest frequency
of discontinuation of treatment due to adverse effects of
all compared biologics [23], infliximab is also listed among
second-line biological treatment preparations according to
EuroGuiDerm recommendations from 2020 [10] (Figure 2).
In case of ineffectiveness or intolerance of Hyrimoz, or Zessly,
Kyntheum (brodalumab) is offered as the 2nd choice of
biologic for patients without PsA, and Skyrizi (risankizumab)
as the 3rd choice (Table). In case of ineffectiveness or
intolerance of Hyrimoz, or Zessly, Tremfya (guselkumab) is
offered as the 2nd choice biologic for patients with PsA and
Taltz (ixekizumab) as the 3rd choice (Table 3).
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Multiple of the Multiple of the
Cost/Effectiveness | Cost/Effectiveness Treatment Options
Ratio Compared | Ratio to HYRIMOZ | According to Modelling
to HYRIMOZ (According to Results (Patient with
(According to Point| Point Values) in Plaque Psoriasis only
Active Values) During |the First 16 Weeks| (Here in after Referred
The Name of the Drug Substance Maintainance of Treatment For to as “Without Psa”)
Treatment for 1 | Etanerceptin 12 and for Patients with
Year (CER = Price (Weeks (CER = Price| Simultaneously Active
for Maintainance of| for Achieving PASI | Psoriatic Arthropathy
1 Patient for PASI | 100 In 1 Patient |(Here in After Referred to
100 for 1 Year of in 16 Weeks of as “with PsA”)
Treatment Treatment
HYRIMOZ 40mg inj. (at a dose of 40 mg] .
every 2 weeks after an initial dose of | adalimumab 1 (409.299 CZK) 1 (269.566 CZK) Lst Wlt.h PsA and also
without PsA
80 mg)
INFLECTRA 100mg in. 1.x100mg NP switch to the cheaper
(prices are for a 70 kg patient, when infliximab 1.3 1.2 L
o biosimilar Zesslyl
dividing inj. Bottle)
KYNTHEUM 210mg inj. 2x1.5ml brodalumab 1.4 1.1 2nd without PsA
TALTZ 80mg inj. 2x1ml ixekizumab 1.6 2 3rd with PsP/z:th without
1st exceptionally only in a
ZESSLY 100mg inf. 1x100mg (prices certain from of psoriasis,
are for a 70kg patient, when dividing infliximab 0.9 0.8 otherwise 1st with PsA and
inj. bottle) also without PsA if Hyrimoz
cannot be used
2nd with PsA (PsA itself is
TREMFYA 100mg inj. 1x1ml guselkumab 1.4 1.6 not reimbursed in the Czech
Republic) 4th without PsA
COSENTYX 150mg inj. 2x1ml secukinumab 1.9 2.4 6th without PsA 8th
without PsA
HUMIRA 40mg inj.2x0.4ml (at a dose .
of 40mg every 2weeks after an initial | adalimumab 1.4 1.4 SV.VltC.h ‘FO the cl'leaper
biosimilar Hyrimoz !
dose of 80mg)
ENBREL 50mg inj. 4x1ml (at a dose of iiii:frf?:é?;lilfl};::iéls?sa
100m§1 gsrs \(/)vr(;ekol;r(l:tell t::viggll )week, etanercept 2.3 3.7 otherwise 7th with PsA, 9th
& P withut PsA
STELARA 45mg inj. 1x0.5ml (on'ly a 8th with PsA (PsA itself is
dose of 45mg was chosen for patients . : .

: ustekinumab 2.2 41 not reimbursed in the Czech
upto 100kg due to reimbursement a Republic) 10th without PsA
dose of only 45mg in the Czech Rep) p

CIMZIA 200mg inj. 2x1ml (while certolizumab 4th with PsA 6th without
o 2.5 1.8
maintaining dose of 200mg) pegol PsA
CIMZIA 200mg inj. 2x1ml (while certolizumab 33 2 5th with PsA 7th without
maintaining dose of 400mg) pegol ) PsA
SKYRIZI 75mg inj. 2x0.83ml risankizumab 1.1 1.9 3rd without PsA

Table 3: A proposal for the most cost-effective escalation of biological treatment according to our model (Hyrimoz is listed in
first place (see the Results section for the reasons for its priority), the ordering of the other preparations in the table is random
and does not reflect the order of preference, the order of escalation of the preparations is given in the last column!).
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Benefits

Disadvantages

Ustekinumab

* Mainteinance dose every 12 weeks (along
with risankizumabthe longest interval of
all biologics)*Less servere Aes than IL-17i
(expect for malignancies) and TNFi

* The effectiveness is lower than that of IL-23 Inhibitors

-about the level of adalimumab and certolizumab (both are
TNFi)

Ixekizumab

* Very high efficacyin the inducton phase
(together with brodal. and risank. the
highest), maintanence dose every 4 weeks
*Probably the 2nd fastest onset of effect
(approx. 24% of patients achieved PA SI 90
after brodalumab * From IL-17Ai and 1L-23I
(i.e the most effective biological drug ) can be
used in psoriasis with PsA

* The initial dosage has a total of 7 doses (one dose
every 2weeks)* Of the most effective biological drugs (i.e
risankizumab, guselkumab,ixekizumab,brodalumab and
secukinumab) together with risankizumab has the worst
coste/effective ratio in the model for the first 16 weeks of
treatment after secukinumab

Secukinumab

* High efficiency (probably the 2nd highest
after other IL-17i and IL-23i), maintenance
dose every 1 month* From IL-17Ai and IL-
23i(i.e the most effective biological drugs ) it
can be used in psoriasis with PsA * Biological
drugs with the 2nd longest biological half
time * Probably 4th fastest onset of effect
(approx 13% of patients achieved PASI
90after brodalumab , ixekizumab and in
fliximab

* The initial dosage a total of 5doses (1 dose every week)*
Of the most effective biological drugs (i.e risankizumab,
guselkumab,ixekizumab,brodalumab and secukinumab)
probably has the worst price /performanceratio in the
model for the first 16 weeks of treatment, as well as in the
maintenance phase

Brodalumab

* Very high efficacy both in the introduction
and in the maintenance phase (togerther with
risankizumab )*Probably the fastest onset of
effect (approx 29% of patients achieved PA
SI 90 after 4 weeks) of all biologics * In the
introduction phase it is significantly cheaper
than similarly effective risankizumab and
ixekizumab

* 2nd highest frequency of administration of a maintenance
dose from biologic drugs (every 2 weeks) after etanercept
* From IL-17Ai and IL-23i(i.e the most effective biological
drugs) it cannot be used in psoriasis with PsA* Probably
a higher incidence of AEs than IL-23i ( guselkumab and
risankizumab)* Possible increased risk of suicides?

Guselkumab

* Very high efficiency in maintenance phase
(probably the 2nd highest with brodal.
after risank.), maintenance dose every 8
weeks * Probably the lowest occurance of
SAE from biological drugs ( together with
risankizumab- both are IL-23i) * From
IL-17Ai and IL-23i ( i.e the most effective
biological drugs ) it can be used in psoriasis
with PsA

* In clinical practice it is sa shorter than IL-17Ai and
ustekinumab ( has less clinical data on efficacy and safety)
* Has a slower onset of action than brodalumab and
ixekizumab (about 8x smaller PA SI 90 rate in 4 weeks),
therefore has lower effectiveness after introduction than
brodalumab, risankizumab and ixekizumab)

Risankizumab

*Very high efficiency both in the introduction
and in the maintenance phase ( together
with brodalumab) * maintenance dose every
12 weeks ( together with ustekinumab
the longest interval among biologic
drugs) * Probably the lowest occurences
of significance AEs among biologic drugs
(together with guselkumab), biological drug
with longest half-life

* From the most effective biologic drugs (i.e risank. guselk.,
ixek., brodal. and secuk.) has together , with ixekizumab in
the model, the worst cost/effectiveness ratio for the first
16 weeks of treatment after secukinumab *From IL-17Ai
and IL-23i(i.e the most effective biological drugs) it cannot
be usedin psoriasis with PsA * Slower onset of action than
brodalumab and ixekizumab ( about 4x smaller PA SI 90
rate in 4 weeks)

Duda J. Cost-Effectiveness Analysis of Biologics in the Treatment of Moderate-to-Severe Plaque
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Infliximab

* Maintenance dose every 8 weeks , good
efficacy (probably the most effective of
TNFi, efficacy is probably higher than
ustekinumab) * After etanercept is together
with adalimumab longest in clinical practice*
Probably the 3rd fastest onset of effect
(approx. 16% of patients achieved PA SI
90 after 4 weeks) after brodalumab and
ixekizumab

* Lv infusion ( other biological drugs have a s.c method
of administration)* The highest frequency of SAEs and
serious infection from biological drugs* IL-17Ai and IL-23i
are probably more effective * Unavailable data ( together
with certolizumab-attime of authorship of the article)on
long-term effectiveness

Table 4: Comparison of benefit/ risk of individual biologic drugs (highlighted preparations in color indicate preparations
belonging to the most cost-effective - with the exception of preparations containing infliximab due to its specific position among

biologic drugs for psoriasis).

Discussion

The mutual comparison of the treatment effect of
individual biological preparations in psoriasis was carried
out on the basis of published results of indirect comparisons
through selected NMAs [17,18], due to the lack of randomized
controlled studies of direct comparison (hereinafter referred
to as “RCT”) of all biological treatment preparations with each
other. NMA allows comparisons of interventions that were
not directly compared in RCTs, but it should be remembered
that the level of evidence between outcomes and individual
interventions is not the same [10]. NMA has the position of
an observational study in the EBM system, so it is on a lower
level of the ladder according to EBM evidence than RCT [25],
butin the absence of RCT itis the highest strength of evidence.
NMA produces estimates of the relative effects between any
pair of interventions in a network and usually provides more
precise estimates than a single direct or indirect estimate
[26], but several conditions must be respected: homogeneity,
transitivity, and consistency [25]. The NMA published
in 2021 [17] was selected for the following reasons: the
inclusion of all biological treatment preparations used in the
Czech Republic in the dosage according to the SPCs [13], the
publication of results separately after the induction period
and separately after long-term use and the inclusion of the
largest number of RCTs, which thereby they increase the
statistical power of the resulting NMA. For etanercept only
after an induction period of 100 mg weekly for 12 weeks, the
value from another NMA [18] published in 2019 was used,
as this intervention at 100 mg weekly was not evaluated in a
previous NMA [17]- inclusion of this one result from the NMA
[18] among other results of the previous NMA [17] was made
based on the results of a comparison of the values related
to etanercept after the induction period at a dose of 50 mg
weekly for 12 weeks between both NMAs in the parameter
PASI 75, 90 and 100, which were very similar (differences
were only approx.: 3 %, 7 % and 11 % respectively. The main
limitation of both of these NMAs is, of course, the assumption
of transitivity [17].

Duda J. Cost-Effectiveness Analysis of Biologics in the Treatment of Moderate-to-Severe Plaque

The order of preparations according to the patient’s
duration of treatment from the data of the Dermatology
Clinic of University Hospital Olomouc from 2016 to 27 August
2021 listed in Table No. 1 can, with certain limitations, serve
as complementary “real world evidence” [27] to the results
of the above-mentioned NMA. The most robust data from
University Hospital Olomouc are, of course, for anti-TNFa
preparations (except certolizumab) - in total, more than 60%
of patients from evaluated biologics at University Hospital
Olomouc were prescribed an anti-TNFa preparation in the
1st to 2nd line. For substances with already used biosimilar
preparations (i.e. adalimumab and infliximab), only original
preparations were taken into account for the evaluation of
the order of preparations, because (in contrast to biosimilars)
for the greater part of the time of their use (or deployment)
more effective non-preparations were not yet available on
the market anti-TNFa preparations - that is why [ assume
their use for a wider range of patients (even with severe
forms of psoriasis) compared to biosimilar preparations that
were introduced later, which no longer had to be used for
such a wide range of patients. Even assuming a very likely
distortion of the results for some preparations with a small
number of patients (especially risankizumab and then also
brodalumab), these data from University Hospital Olomouc
roughly correlate with the results of the NMA processed in
Figure 4 and Figure 5.

Cost-effectiveness analysis (hereinafter referred to as
“CEA”) [16] was chosen as a type of pharmacoeconomic
analysis in psoriasis for the following reasons:

e this is a comparison of different but comparable
interventions (biological treatment) within one disease.

e The benefit (effect) of these interventions is clearly
defined in the form of percentage PASI for this disease
with sufficiently robust data from the point of view of
evidence.

e assessment of the achievement of a certain percentage of

PASI after the end of the induction period is a condition

for reimbursement by health insurance companies in the
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Czech Republic.

e according to published studies and the NMA [6,23], the
frequency of discontinuation of treatment with a biologic
due to adverse effects was overall very low (always up to
3 %, except for infliximab, which had 5-7 %) and was
not statistically significantly different from placebo
(except for infliximab and ixekizumab, which was only
marginally worse than placebo), which made it possible
not to include this parameter in the pharmacoeconomic
analysis due to low significance, but instead to use only
the efficacy parameter for CEA.

e Possible side effects resulting from the long-term use
of biologicals (e.g. total mortality, serious CV events,
malignancies, serious infections) were notincluded in the
CEA due to their low incidence according to the results
of the PSOLAR report from 2016 [6] specifically: all of
them had an incidence below 1 per 100 patient-years,
except for serious infections, which had an incidence of
approx. 1-3 per 100 patient-years depending on the type
of preparation.

From the possible percentage PASI values, PASI 100 was
chosen for the following reasons:

e among the vast majority of biological treatment
preparations for psoriasis (except for ustekinumab and
partly also certolizumab), the differences between them
in effectiveness increase in proportion to the increasing
value of the PASI percentage both after the induction
period and after long-term use [17,18], so that at PASI
100 they are the difference in efficacy between the
preparations is the highest (e.g. when comparing the
preparations to adalimumab, the differences in efficacy
between PASI 75 and PASI 50 after the induction period
are approx. 1.1 times greater, between PASI 100 and PASI
75 both after the induction period and after long-term
use, then approx. 1.2 - 1.9 times greater).

e although the reimbursement conditions for biological
treatment products in the Czech Republic [13] are
determined by reaching a PASI value of 50 or 75
(depending on the type of product) after the induction
phase, and the current treatment goals in Europe [10]
are also either PASI 75 and above or PASI between 50- 75
and at the same time DLQI below 5; a PASI 90 to 100 may
represent the best meaningful clinical response instead
of a PASI 75, especially in patients with very severe
psoriasis, i.e., an absolute PASI of 20 or more [28].

CEA costs included only the prices for unit packages
of preparations according to the maximum payments as
of 18/09/2021 [13] (for two selected preparations also
including the modeled fictitious amount of the financial
bonus applicable only to these preparations, it must be
emphasized that the modeled situation does not reflect the
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real state of the business policy at the University Hospital
Olomouc!) because of the same method of administration
of all biological preparations (except preparations with
infliximab) by s.c. method. This means that we can assume
roughly the same amount (and relatively low) of other
direct medical costs associated with the application of these
preparations, except for preparations with infliximab -
with them, due to their IV method of administration, other
costs associated with their administration were also not
included, but when evaluating the results of the CEA analysis,
these preparations were divided separately as specific
preparations (see above in the Methodology section). In
addition, the amount of these other direct medical costs
associated with s.c. application of biologics are considered
insignificant in relation to the price of the preparation itself.
For the only one of the biologics administered in IV form
(infliximab, specifically for the cheapest modeled Zessly),
the ratio of the price associated with one application of the
product to the price of the product itself (one dose) would be
only about 11 % - the cost of IV administration of the biologic
(including premedication) are assumed to be approximately
CZK 1,600 for 1 infusion according to modeling from 2014
[29]. Whereas the initial variability of the effectiveness
parameter PASI 100 compared to its point value for the
analyzed biologics (except etanercept) during the induction
period amounts to approximately + 12 to 33 % depending on
the type of biologic Figure 4.

Treatment costs for side effects were also not included in
the total costs due to the low incidence of serious side effects
or serious infections according to RCT results [6,30]. These
results [6,30] were not significantly different from placebo,
except for certolizumab at a higher dosage and infliximab in
the case of serious side effects (the frequency compared to
placebo was only slightly increased in both cases), then in
the case of serious infections with infliximab (the frequency
compared to placebo here was significantly increased) and
partially also with adalimumab (however, the frequency
compared to infliximab was approx. 6 times lower). The
amount of costs associated with the treatment of side effects
was also considered to be insignificant in relation to the price
of the product itself. As an example, it is again mentioned the
preparation Zessly (infliximab), because it is the preparation
with the highest frequency of serious infections (specifically
in 6 % of patients during induction [30]) and at the same
time one of the lowest costs (when calculating the price of
the preparation itself) spent on induction period - 57,449
CZK Table 2: at a price of approx. 29,000 CZK for the
treatment of a respiratory infection [29], the share of the
price associated with the treatment of a serious infection
(at the above-mentioned frequency of 6 %) compared to the
price of treatment with the Zessly preparation itself for the
induction period will be only 3%.
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Due to the use of only one benefit (effect), namely PASI
100 in our CEA, including 95% CI, no sensitivity analysis, nor
validation of the results, was already performed [16]. Due to
the calculation of prices for maintenance treatment only for
a period of 1 year, no discount rate had to be applied [16].

The advantage of this presented study of cost-
effectiveness in psoriasis is the presentation of a method that
allows use in general by any provider of health services in
the Czech Republic (hereafter referred to as the “provider”),
in the context of its real prices of the relevant preparations.

According to the modeling used in our study according
to Figure 10 with the marking of the cost-effectiveness lines
[22], it follows that if in patients with psoriasis without PsA
(with the same amount of budget) we want:

e 1st to provide the most effective treatment of biologic
drugs to as many patients as possible, then in the 2nd
line after failure or intolerance of anti-TNFa preparations
(i.e. Hyrimoz, or Zessly) we will use Kyntheum instead of
Skyrizi according to our model - this way we can very
likely (assuming tolerance of Kynthea by the patient)
when achieving approximately the same effect, save
approximately CZK 90,000 for one patient in the first 16
weeks of treatment. Even though annual treatment with
Skyrizi in the maintenance dosage is almost 9,000 CZK
cheaper than treatment with Kyntheum, hypothetically
(assuming long-term constant prices) the costs of using
Skyrizi in the induction period would only be “returned”
after 10 years of its use in the maintenance dose. But for
the effectively “saved” amount of CZK 90,000, we can
start treatment with the less effective Hyrimoz in two
additional patients in the first 16 weeks.

e 2nd to calculate the distribution of costs for individual
preparations in the most efficlent way with an
unchanged number of patients treated in a given
center, then, for example, with an explicit budget of CZK
200,000 per 1 patient per year, it is most cost-effective
to have approximately 9 patients on Kyntheum for every
11 patients with Hyrimoz, in in this case, for the given
budget amount per 1 patient, we will achieve the highest
effect in the form of a PASI 100 percentage rate.

Figure 10 advantageously contains graphically
incorporated CER, ICER parameters as well as the amount of
costs for individual preparations or sequencing. Specifically:
the tangent of the angle between the cost-effectiveness line
drawn from point 0 to the point of a specific product and
the x-axis (i.e. the efficiency axis) is equal to the CER value
of the given product, the tangent of the angle between the
cost-effectiveness line drawn from the point of one product
to the point of the other product and the x-axis (i.e. the axis
of efficacy) is in turn equal to the ICER value of the second
preparation against the first [31].
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This cost-effectiveness evaluation model created in
Excel software enables immediate interactivity and graphical
visualization in case of any change in input variables (ie unit
prices, bonuses, effectiveness data, or the addition of a new
product). This can then very well serve the sales department
of the relevant provider as an important basis for further
negotiations with the relevant suppliers of biological
treatment preparations within the framework of negotiated
prices and bonuses covered by trade secrets [15]. As already
mentioned above, as of 31 December 2020, a total of 2,474
patients [14] were treated with biological or targeted
treatment for psoriasis in the Czech Republic. According to
the NZIS report [3], a total of 97,450 patients were treated
for psoriasis in the Czech Republic in 2017. With an assumed
frequency of 60 % of the occurrence of chronic plaque
psoriasis [2] and an assumption of 20 % of the occurrence
of a moderate to severe form requiring systemic treatment in
patients with plaque psoriasis [5,6], we arrive at a number of
approximately 11,000 patients requiring systemic treatment
of psoriasis. According to data from the BIOREP registry [32],
in 2019 the average time from diagnosis to the initiation
of biological treatment was 21.5 years, in 2020 [33] it was
similarly 21.6 years. Mean baseline absolute PASI in 2016
[34] was 19.5 and DLQI 17.0, in 2020 [33] similarly PASI 18.9
and DLQI 16.6 - after 3-4 months of biological treatment the
mean absolute PASI was already only 3.9 (this corresponds
approximately to an average percentage PASI of 79 after 3-4
months of treatment) and DLQI 3.5. These results clearly
point to the long period of insufficient treatment of patients
with psoriasis in the Czech Republic, the low quality of life
of these patients before the use of biological treatment,
and at the same time confirm the excellent effectiveness of
biological treatment in psoriasis in real practice [34].

A study from Spain [35] was recently published, which
also modeled the optimal sequencing algorithm for the
treatment of biologics in psoriasis through CEA in the PASI
100 parameter, but from the payer’s perspective. In contrast
to the approach in our analysis, a simulation of treatment
over 5 years using 840 different treatment combination
sequences was used here, but including fewer biologics than
in our analysis (namely without etanercept and infliximab).

From a medical point of view, it must be remembered
that the principles of cost-effectiveness cannot be applied
strictly in absolute terms. In most cases, it is just another
criterion (with a different weight of importance) helping to
choose the most optimal preparation for a specific patient,
also taking into account other clinical factors - (Table 4) or,
for example, (Figure 3) from the Belgian recommendation
[36].

A limitation of this analysis is:
e  Firstly, that in the individual RCTs included in the NMA
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[17,18], the data after long-term use were evaluated
after the induction phase (12 to 16 weeks depending on
the product) and then after the subsequent maintenance
phase, i.e. the total follow-up period was 48-52 weeks
according to preparation. In our analysis, I assume
the same effectiveness for all preparations only with
maintenance dosing for the entire 52 weeks for all
preparations - but this assumption was not externally
validated in our analysis.

e Second, the PASI 100 parameter used does not cover
all aspects of the patient’s quality of life like the DLQI
scoring system. However, Torres and Puig [28] report
that a decrease in absolute PASI correlates well with a
decrease in DLQI, that is, a better quality of life can be
very well assumed as percentage PASI increases.

e Thirdly, for the original product and its eventually
biosimilar alternatives (i.e. for substances: etanercept,
infliximab and adalimumab [13]), was assumed that
the transfer (switch) of a stable patient from the
original product to a biosimilar or the administration
of a biosimilar product to a patient not yet treated with
biologicals is safe and effective [37]. It was also assumed
that multiple conversions between different biosimilars
and the original brand is not preferred but acceptable
[37]. These assumptions are partially confirmed by
the results from the overview of the limited number of
patients switched from the original biological treatment
product to its biosimilar product at University Hospital
Olomouc, or the number of patients placed on the first
biologic in the form of a biosimilar product Table 1
and the subsequent rates of treatment termination or
switch to another biologic. Specifically: the overview
Table 1 includes the original product with adalimumab
(Humira) and its biosimilar Hyrimoz, as well as the
original product with infliximab (Remicade) and its
biosimilars Remsima and Inflectra.

e Fourthly, when comparing the preparations, it was not
take into account possible differences in the effectiveness
of a given biologic drug in a patient not yet treated with a
biological for psoriasis, but already pre-treated, because
it was assumed similar effectiveness - see, for example,
in a recent comprehensive pharmacoeconomic analysis
in the USA [6] it was also assumed only a relatively small
10 % reduction in efficacy in already pretreated patients.

o Fifth, data on the efficacy of certolizumab and infliximab
after long-term use (48-52 weeks) were taken for the
purposes of our CEA as equal to PASI 100 values achieved
only after the induction period (including 95% CI), due
to the unavailability of these data in wanted NMAs.
Therefore, a greater degree of uncertainty of the cost-
effectiveness result after long-term use can be assumed
for preparations with these substances than for other
preparations. However, this uncertainty of the result is
partially compensated by the use of a 95% CI for the
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efficiency parameter (Figure 5), which is subsequently
transferred to the CEA results Figure 7 and Figure 9.

e Sixth, the analysis of the cost-effectiveness calculation
scenario was not performed for PASI 50 (for anti-TNFa
and ustekinumab) or PASI 75 (for anti-IL 17 and anti-IL
23) values after 16 weeks of treatment (for etanercept
after 12 weeks), as stated in the reimbursement
conditions [13] in the Czech Republic as of September
18,2021 [38].

Conclusion

The applied method of cost-effectiveness analysis (CEA)
of biologic drugs in psoriasis in the context of modeled prices
and bonuses at the health care provider confirmed our
hypothesis that it can be used to fairly accurately quantify
the effectiveness of the spent limited funds when using
individual products, including the potential to determine the
most cost-effective way of escalation treatment. L.e. with the
intention to mediate the treatment of biological drugs to the
greatest possible number of patients under the conditions
of the same volume of funds, or with the intention to
calculate the distribution of overall fixed costs for individual
preparations as efficiently as possible while the number of
patients treated in a given center does not change. These
requirements become even more urgent in the context of the
published long period of insufficient treatment of patients
with psoriasis in the Czech Republic and the low quality of
life of these patients before the introduction of biological
treatment. A two-dimensional graph (costs vs. efficiency)
with efficient frontiers has proven to be a very practical tool
for visualization and quick evaluation of analysis results. In
the currentenvironmentof the healthcare systemin the Czech
Republic, the practical application of the principles of how
to spend the costs of using drugs in specialized care centers
as effectively as possible is de-facto on the shoulders of this
particular provider. We think that the presented CEA method
used for a specific example of biological treatment of psoriasis
can (with adequate adaptation) be applied in general for
any chronic diseases with a clearly defined benefit (effect)
parameter, with the current sufficient robustness of the data
in terms of evidence. Furthermore, it is also a condition of
the application of this CEA method when used in a given
disease that the compared interventions of costly medicinal
products have a not too different safety profile. When
calculating treatment costs, it is also necessary to evaluate
the impact of other costs associated with administration of
the preparation, monitoring or treatment of side effects to
the total price for the treatment. An important condition
for the practical use of the CEA method in the provider’s
environment is also the creation of a simple interactive
evaluation model enabling immediate graphic visualization
when changing any input variables, especially the prices per
unit package of preparations or the amount of bonuses.
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