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ABSTRACT

Objectives: To compare the cost-effectiveness of tildrakizumab with other commonly used biologics
and apremilast as the first-line treatment for moderate-to-severe plaque psoriasis from a US health
plan’s perspective.

Methods: A 10-year cost-effectiveness model was developed to compare the incremental cost per
extra month with a Psoriasis Area and Severity Index (PASI) 75 response. Patients were assumed to
receive one of the treatments evaluated as their first-line treatment at the outset of the analysis.
Nonresponders (PASI <75) discontinued their current treatment; 25% went on to receive a mix of top-
ical therapies, phototherapies, and other systemic therapies, while 75% received a second-line therapy
before receiving a mix of topical therapies, phototherapies, and other systemic therapies. Direct med-
ical costs were calculated based on drug acquisition, administration, and monitoring costs.

Results: The incremental cost per extra month a patient had a PASI 75 response was lowest for bro-
dalumab ($3,685), infliximab ($4,102), apremilast ($4,770), and tildrakizumab ($5,150), followed by
risankizumab ($5,319), secukinumab ($5,675), guselkumab ($5,784), ixekizumab ($5,900), adalimumab
(55,943), ustekinumab ($6,131), etanercept ($6,618), and certolizumab pegol ($13,476).

Conclusion: Tildrakizumab was among the most cost-effective first-line treatments for moderate-to-
severe psoriasis and was more cost-effective than risankizumab, secukinumab, guselkumab, ixekizu-
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mab, adalimumab, ustekinumab, etanercept, and certolizumab pegol.

Introduction

Psoriasis is a chronic, relapsing, and systemic inflammatory skin
disease that affects approximately 7.4 million adults in the
United States (US) (1), with plaque psoriasis accounting for
more than 80% of cases (2). According to an estimation based
on data from the US National Health and Wellness Survey from
2007 to 2012, 1.7 million insured US patients have moderate-to-
severe plaque psoriasis (3). Moderate-to-severe psoriasis is asso-
ciated with a considerable disease burden, affecting patients’
physical and psychological wellbeing and resulting in reduced
quality of life and work productivity (4-7). It also incurs a sub-
stantial financial burden on both patients and society, requiring
significant long-term medical resource use, out-of-pocket costs,
and indirect costs (2,8,9).

Over the last 15 years, many biologic and small-molecule sys-
temic therapies have obtained approval from the US Food and
Drug Administration (FDA) for moderate-to-severe plaque psor-
iasis. Using the Psoriasis Area and Severity Index (PASI), a recent
large meta-analysis of randomized controlled trials demon-
strated that in general biologic and small-molecule therapies
are highly effective for the treatment of moderate-to-severe
psoriasis (10). Newer biologic and small-molecule therapies such

as interleukin-17 (IL-17) and IL-23 inhibitors have better efficacy
and safety compared with other systemic therapies (9-11).
However, the comparative cost-effectiveness of these drugs has
not been fully established. Although previous publications have
compared the cost-effectiveness of systemic therapies for psoria-
sis in the US (10-13), none has fully assessed the currently avail-
able treatment options, including newly approved treatments
such as the IL-23 inhibitor tildrakizumab. The purpose of the
current study was to examine the cost-effectiveness of tildraki-
zumab and the other systemic treatments for moderate-to-
severe plaque psoriasis from the perspective of a US
health plan.

As moderate-to-severe plaque psoriasis is a chronic and
relapsing disease, maintenance of high levels of skin clearance
over time is a crucial clinical outcome when considering treat-
ment efficacy. Thus, several previous studies have examined
cost-effectiveness in terms of average cost to achieve a PASI 75
response (i.e. at least 75% improvement in PASI from baseline)
over time (11,12,14). In the current study, we aimed to evaluate
the incremental cost per extra month with a PASI 75 response
among apremilast and all of the biologics approved for psoria-
sis, including the latest additions of tildrakizumab, risankizumab,
and certolizumab pegol.
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Materials and methods
Study design

A 10-year cost-effectiveness model was developed from the per-
spective of a US health plan to compare the incremental cost per
extra month with a PASI 75 response among patients with moder-
ate-to-severe psoriasis treated with biologic or small-molecule thera-
pies. The analysis included all of the biologic and small-molecule
systemic therapies that were available in the US up to September
2019 (except biosimilars): adalimumab, apremilast, brodalumab, cer-
tolizumab pegol, etanercept, guselkumab, infliximab, ixekizumab,
risankizumab, secukinumab, tildrakizumab, and ustekinumab.

Patients were assumed to receive one of the therapies exam-
ined as their first-line treatment at the start of the analysis.
Nonresponders (PASI <75) discontinued their current treatment;
25% went on to receive a mix of topical therapies, photothera-
pies, and other systemic therapies, while 75% received a
second-line therapy treatment (a mix of equally weighted treat-
ments that were included in this analysis) before receiving a
mix of topical therapies, phototherapies, and other systemic
therapies (11-13). Responders to first- or second-line treatment
could withdraw at treatment-specific discontinuation rates over
time, and death could occur at any time (11-13).

Model inputs

PASI efficacy data were derived from the 2018 network meta-ana-
lysis conducted by the Institute for Clinical and Economic Review
(11). Second-line treatment was modeled as a mix of all of the
included treatments, but consistent with other recent cost-effect-
iveness analyses we assumed that they would have reduced effi-
cacy when used in the second line (11-13). Therefore, efficacy was
based on the average PASI response of the treatments included in
the first line, assuming that 10% fewer patients achieved a PASI 75
response. Treatment discontinuation rates were derived from pub-
lished literature (15,16). For treatments lacking available data, dis-
continuation rates were assumed to be the same as that for
ustekinumab (12). The probability of death was based on US gen-
eral population age-specific mortality rates (17).

The 2019 wholesale acquisition cost of each included treatment
was obtained from RedBook, and the corresponding dosing regi-
mens were based on the prescription information for each

Table 1. Key model inputs: drug acquisition costs.

treatment (Table 1) (18-24). Drug administration costs and labora-
tory test costs were also estimated (Table 2) (25). In addition, the
analysis accounted for four clinic visits per year for all patients.

Incremental cost per time in PASI 75

The total direct healthcare cost of each included treatment to a
US health plan was estimated and included drug acquisition
and administration costs, laboratory test costs, and clinic visit
costs. The cumulative months with a PASI 75 response over
10years were estimated. Both total direct healthcare costs and
total months with a PASI 75 response were discounted at 3%
per year. The incremental cost-effectiveness ratio (ICER) for each
included treatment compared with a mix of topical therapies,
phototherapies, and other systemic therapies was estimated as
the incremental cost per extra month with a PASI 75 response.

Scenario analyses

Multiple scenario analyses were conducted to determine the
effects of varying the model parameters on the ICER of each of
the treatments examined. The evaluated model parameters
included time horizon, treatment pathway, and costs (Table 3).
The impact of varying the time horizon was examined in three
scenarios in which the time horizon was changed to 3years,
Syears, and lifetime, respectively. One scenario varied the treat-
ment pathway by assuming that fewer patients received a
second-line treatment after they withdrew from first-line treat-
ment (i.e. 50% of nonresponders received a second-line treat-
ment, while the remaining 50% received a mix of topical
therapies, phototherapies, and other systemic therapies). Four
scenarios were examined to evaluate the impact of varying the
cost inputs. One scenario included adverse event (AE) costs,
based on the estimated healthcare resource use required for
treating severe infection, nonmelanoma skin cancer, and malig-
nancies other than nonmelanoma skin cancer. Unit inpatient costs
were derived from the National and State Summaries of Inpatient
Charge Data (27). AE rates were derived from prescribing informa-
tion and the secukinumab submission to the United Kingdom
National Institute for Health and Care Excellence; the AE rates for
tildrakizumab were assumed to be the same as those for usteki-
numab (19-24,26). A second cost scenario included the cost

Treatment

Treatment initiation period costs, $° Maintenance cost per month, $?

Adalimumab (per 40 mg)

Apremilast (per 30 mg)

Brodalumab (per 210 mg)

Certolizumab pegol (50% 200 mg, 50% 400 mg)
Etanercept (per 50 mg)

Guselkumab (per 100 mg)

Infliximab (per 100 mg)b

Ixekizumab (per 80 mg)

Risankizumab (per 150 mg)

Secukinumab (per 300 mg)

Tildrakizumab (100 mg)

Ustekinumab (50% 45 mg, 50% 90 mg)
Second-line treatment

A mix of topical therapies, phototherapies or other systemic therapies

$23,283 (16 weeks) $5,605
$12,629 (16 weeks) $3,445
$12,250 (12 weeks) $3,792
$45,438 (16 weeks) $14,064
$31,044 (12 weeks) $5,605
$32,578 (12 weeks) $5,882
$17,517 (10 weeks) $3,163
$37,576 (12 weeks) $5,815
$44,250 (16 weeks) $5,285
$31,073 (12 weeks) $5,610
$26,512 (12 weeks) $4,750
$33,007 (12 weeks) $5,914
$25,411 (13 weeks) $5,754
_ $869

?Costs were calculated using the 2019 wholesale acquisition cost of each included treatment obtained from RedBook [18], and the corresponding dosing regi-

mens were based on the prescription information for each treatment [19-24].

PInfliximab is given on a weight-based dosage (5 mg/kg) according to its prescribing information. In the base-case analysis, it was assumed that a 90-kg patient

would need five vials (100 mg per vial), with a drug wastage of 50 mg.

“The drug cost and the duration of the induction period for the second-line treatment were calculated by taking the average of all the first-line treatments

available on the market.



Table 2. Key model inputs: laboratory monitoring costs.
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Adalimumab Apremilast Brodalumab Etanercept Guselkumab

At treatment initiation

Latent TB screen 0 0 0 1
(523.43 per test)

Hepatitis B screen 1 0 0 1
(514.45 per test)

Renal function test 0 1 0 0

($12.15 per test)
Annual follow-up tests

Active TB screen 0 0 0 4
($8.41 per test)

CBC ($10.87 per test) 2 0 0 2

Liver function test 4 0 0 4
(511.43 per test)

Clinic visit 4 4 4 4

(5110.89 per visit)

Infliximab Ixekizumab  Secukinumab Tildrakizumab Ustekinumab
1 1 1 1 1 1
0 0 0 0 0 0
0 0 0 0 0 0
0 2 2 2 0 2
0 2 0 0 0 2
0 0 0 0 0 0
4 4 4 4 4 4

CBC: complete blood count; TB: tuberculosis.

The number of required laboratory tests for each treatment was estimated based on corresponding prescribing information. The unit costs were derived from
the Centers for Medicare & Medicaid Services physician fee schedule [25], and costs were adjusted to 2018 US dollars.

Table 3. Summary of the inputs applied in the scenario analyses.

Scenario values

Scenario references

Scenarios

Time horizon: 10 years in the base case

3-year 3 years
5-year 5 years
Lifetime 55 years

Assumption

Treatment pathway: 75% of nonresponders received the second-line treatment, while the remaining 25% were given a mix of topical therapies,

phototherapies, and other systemic therapies in the base case
Treatment pathway

50% of nonresponders received the second-line

Assumption

treatment, while the remaining 50% were given
a mix of topical therapies, phototherapies, and

other systemic therapies

AE costs, productivity gain: excluded in the base case
Including AE costs

Etanercept = $491
Infliximab = $991
Ixekizumab = $116

Included costs of managing severe infection,
NMSC, and malignancies other than NMSC:
Adalimumab = $404

Secukinumab = $87

Tildrakizumab = $106 (assumed to be the
same as ustekinumab)

e  Ustekinumab = $106

AE incidence rates were based on the drug
prescribing information and secukinumab NICE
submission [19-24,26]. Unit costs were based
on CMS National and State Summaries of
Inpatient Charge Data [27], adjusted to
2018 US dollars.

e  Apremilast, brodalumab, guselkumab = $0

Including productivity gain
PASI 75 response:

Included productivity gain for patients achieving a

Institute of Clinical and Economic Review [12],
adjusted to 2018 US dollars

. $5,190 annually for patients on first-

line treatments

e $4,660 annually for patients on second-

line treatment

Annual cost of a mix of topical therapies, phototherapies, and other systemic therapies: $10,422 per year in the base case

Lower drug cost
Higher drug cost

Decreased the cost by 20%: annual cost = $8,338
Increased the cost by 20%: annual cost = $12,506

Assumption
Assumption

AE: adverse event; CMS: Centers for Medicare & Medicaid Services; NICE: National Institute for Health and Care Excellence; NMSC: nonmelanoma skin cancer;

PASI: Psoriasis Area Severity Index; US: United States.

associated with productivity gain in patients with a PASI 75
response, with unit cost estimates based on the analysis carried
out by the Institute for Clinical and Economic Review in 2016 (12)
and adjusted to 2018 US dollars. Finally, two additional scenarios
varied the drug cost for the mix of topical therapies, photothera-
pies, and other systemic therapies by + 20%.

Results

Total health plan costs over 10 years

The average annual drug costs after year 1 were lowest for inflixi-
mab and highest for certolizumab pegol (Figure 1). The total costs

to a health plan per patient treated with apremilast, infliximab, eta-
nercept, brodalumab, adalimumab, tildrakizumab, ustekinumab,
risankizumab, secukinumab, guselkumab, ixekizumab, and certolizu-
mab pegol were estimated to be $256,509 $280,995 $325,393
$334,891 $357,667 $362,769 $441,483 $454,410 $455,493 $478,117
$489,862 and $853,855 over 10years (Figure 2(A)). These costs
were driven mostly by annual drug wholesale acquisition costs.

Cumulative time in PASI 75 over 10 years

The cumulative time a patient would spend with a PASI 75
response over a 10-year period was estimated to be 40 months,
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Infliximab Brodalumab Tildrakizumab Risankizumab

Apremilast
m Drug Costs in Year 1

Figure 1. Average annual drug costs.

41 months, 51 months, 52months, 58months, 62months,
70months, 72 months, 73 months, 73 months, and 74 months for
apremilast, etanercept, adalimumab, infliximab, tildrakizumab, cer-
tolizumab pegol, ustekinumab, secukinumab, brodalumab, gusel-
kumab, ixekizumab, and risankizumab, respectively (Figure 2(B)).

Incremental cost per extra month with a PASI 75 response

Based on the cost-effectiveness analysis, the incremental
cost per extra month with a PASI 75 response was lowest for
brodalumab ($3,685), infliximab ($4,102), apremilast ($4,770),
and tildrakizumab ($5,150), followed by risankizumab ($5,319),
secukinumab ($5,675), guselkumab ($5,784), ixekizumab ($5,900),
adalimumab ($5,943), ustekinumab ($6,131), etanercept ($6,618),
and certolizumab pegol ($13,476) (Figure 2(C)).

Scenario analyses

The rankings of the treatments evaluated via ICER were similar
across all of the scenario analyses (Figure 3). Varying the time
horizon to 3years and including productivity gain costs had the
greatest impact on the ICERs, varying by 9%, and —8%, respect-
ively. Including medical costs associated with AEs, varying the
treatment pathway, and changing the time horizon to 5years
had relatively small impacts on the results.

Across all scenarios, the ICER of using tildrakizumab as the
first-line treatment varied from —8% to 14%. The ranking was
stable for brodalumab, certolizumab pegol, etanercept, inflixi-
mab, and tildrakizumab across all of the scenarios. Changes in
ranking occurred only among adalimumab, apremilast, risankizu-
mab, secukinumab, guselkumab, ixekizumab, and ustekinumab,
which mostly occupied the middle ranks (fifth to tenth place.)

Discussion

Among all the biologics and apremilast approved for moderate-
to-severe plaque psoriasis in the US, brodalumab, infliximab,
apremilast, and tildrakizumab were the most cost-effective first-
line treatments as measured by incremental cost per extra

Etanercept

Guselkumab  Ustekinumab Certolizumab
pegol

Adalimumab  Secukinumab  kekizumab

® Average Annual Drug Costs in Year 2 and After

month with a PASI 75 response, and were more cost-effective
than risankizumab, secukinumab, guselkumab, ixekizumab, adali-
mumab, ustekinumab, etanercept, and certolizumab pegol for
the treatment of moderate-to-severe psoriasis. The better rank-
ing of brodalumab, infliximab, apremilast, and tildrakizumab
was largely driven by lower wholesale acquisition costs com-
pared with the other evaluated treatments. The results of this
study may help to inform healthcare providers, patients, and
payers with regard to treatment decision-making.

The advent of biologic and small-molecule therapies has rev-
olutionized the treatment of moderate-to-severe psoriasis, but
the improvement in efficacy has come with high treatment
costs. The wide range of treatment options now available and
the high costs mean that cost-effectiveness analyses are particu-
larly important for decision-makers in psoriasis. Impressive
short-term efficacy data have been published for many high
cost new treatments such as ixekizumab and risankizumab, but
psoriasis is a life-long chronic disease, so maintenance of out-
comes over time is highly clinically relevant. Therefore, in this
study, we chose to examine cost-effectiveness in terms of incre-
mental cost per extra month with PASI 75 over a time horizon
of 10years.

Our study is among the first to evaluate the incremental cost
per month with a PASI 75 response for all of the currently avail-
able therapies for moderate-to-severe psoriasis, including tildra-
kizumab, risankizumab, and certolizumab pegol. Among these
therapies, tildrakizumab was the fourth most cost-effective treat-
ment for moderate-to-severe psoriasis. Risankizumab was the
fifth most cost-effective, while certolizumab pegol was the least
cost-effective. The results were robust in multiple scenario anal-
yses, with the highest and lowest drug rankings remaining con-
sistent across the analyses.

The cost-effectiveness rankings in our study are consistent
with two recent studies that examined cost-effectiveness via
incremental cost per month in PASI 75 (11) and cost to achieve
a PASI 75 response (14), respectively. In the 2018 psoriasis ana-
lysis conducted by the Institute for Clinical and Economic
Review, the relative ranking of ICERs, assessed with regard to
time in PASI response, was the same as in our study, except for
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853,855
478,117 489,862
411,483 454410 455493
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Infliximab Etanercept  Br nab Tildrakizumab Ustek b Risankizumab Secukinumab Guselkumab bekizumab Certolizumab
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41.05 |
Etanercept Adalimumab  Infliimab Tildrakizumab Certolizumab Ustekinumab Secukinumab Brodal b Ixekizumab Risankizumab
pegol
13,476
6,618
5,675 5,784 5,900 5,943 6,131
5,150 5,319
4,770
I I I I
Flixi il Tildrakizumab Risankizumab Sec b Guselkumab Wkekizumab Adalimumab Ustekinumab Etanercept Certolizumab
pegol

Figure 2. (A) Total health plan costs and (B) total months with a PASI 75 response over a 10-year time horizon, and (C) the incremental cost per extra month
with a PASI 75 response. ICER: incremental cost-effectiveness ratio; PASI: Psoriasis Area and Severity Index.

ixekizumab, which had a lower ICER (fourth versus eighth in our study of the comparative cost-effectiveness of adalimumab, bro-
analysis), likely due to the discount (44%, the highest of all) dalumab, ixekizumab, secukinumab, and ustekinumab, as meas-
applied to the drug acquisition costs in that analysis (11). In a ured by the cost to achieve a PASI 75 response, brodalumab
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around the treatment pathway: 50% of non-responders received a second-line treatment (a mix of all included treatments) and the remaining 50% received
a mix of topical therapies, phototherapies, and other systemic therapies after discontinuing the first-line treatment. (c) Four scenarios were exam-ined to
explore uncertainties around costs: the AE costs scenario included the costs of managing AEs, based on the estimated healthcare resource use required for
treating severe infection, nonmelanoma skin cancer, and malignancies other than nonmelano-ma skin cancer [19-24,26,27]; the productivity gain scenario
included costs associated with productivity gain in patients who ach-ieved a PASI 75 response [12]; the lower drug cost scenario and the higher drug cost
scenario varied the cost for the mix of topical therapies, phototherapies, and other systemic therapies by +20%.

Figure 3. Scenario analyses of incremental cost per extra month with a PASI 75 response when the (A) time horizon, (B) treatment pathway, and (C) costs were varied.



was the most cost-effective treatment and, similar to our study,
this was primarily due to the lower wholesale acquisition
cost (14).

Many patients with moderate-to-severe plaque psoriasis are
still untreated or undertreated, despite the wide range of avail-
able treatments. This cost-effectiveness analysis provides a more
up-to-date comparative analysis of the newer systemic treat-
ments for moderate-to-severe plaque psoriasis and can thereby
help US stakeholders make informed decisions when manag-
ing psoriasis.

Limitations

Due to the lack of long-term comparative PASI response data,
our data were derived from a network meta-analysis of clinical
trials and patients’ initial responses (assessed at the end of
week 10-16) were assumed to persist until treatment discon-
tinuation or death. Treatment responses may be different in
real-world settings and over longer time frames. This study did
not fully account for treatment sequencing because limited evi-
dence is available to understand the efficacy of second-line
treatment or specific treatment sequences. Different treatment
sequences in the real world may produce different results.
Assumptions were made for parameters that lacked available
data; however, these were similar to those used in previous US
cost-effectiveness analyses for psoriasis treatments (11-13).
Finally, other patient outcomes, such as health-related quality of
life and potential impact of treatments on the cost of comorbid-
ities in patients with psoriasis were not included in the analysis.

Conclusion

Among the newer systemic treatments, brodalumab, infliximab,
apremilast, and tildrakizumab had the lowest incremental costs
per extra month with a PASI 75 response. Tildrakizumab was
more cost-effective than risankizumab, secukinumab, guselku-
mab, ixekizumab, adalimumab, ustekinumab, etanercept, and
certolizumab pegol. Multiple scenario analyses demonstrated
the robustness of these results.
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