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ABSTRACT

Objective: To evaluate the cost-effectiveness of risankizumab versus other biologic treatments (adali-
mumab, infliximab, ustekinumab, secukinumab, brodalumab, ixekizumab, and guselkumab) of moder-
ate-to-severe psoriasis in Japan.

Methods: A Markov cohort-level model was constructed to estimate quality-adjusted life years
(QALYs) and costs for each treatment over a lifetime horizon. The model simulated patients’ transition
through one line of active biologic therapy followed by best supportive care and death. Transition
probabilities were informed by network meta-analyses of Psoriasis Activity and Severity Index
responses and adverse event-related discontinuation in clinical trials, as well as published real-world
evidence and national mortality rates. Costs were evaluated from the health system, societal, and
patient out-of-pocket perspectives.

Results: Risankizumab was expected to provide 0.30-0.89 additional QALYs versus comparator biolog-
ics. Under the health system perspective, incremental cost-effectiveness ratios (ICERs) of risankizumab
ranged from ¥2,545,812/QALY versus ustekinumab to ¥6,077,134/QALY versus adalimumab. Societal
ICERs were lower, ranging from ¥921,770/QALY to ¥4,350,879/QALY. From the patient perspective,
risankizumab was estimated to be cost-saving versus four comparators and was associated with ICERs
of <¥500,000/QALY versus the remaining comparators.

Conclusion: Risankizumab was associated with higher QALYs and, based on typical willingness-to-pay
benchmarks (¥5-6.7 million/QALY), considered cost-effective versus other biologics for the treatment
of psoriasis in Japan.

KEYWORDS
Psoriasis; risankizumab;
cost-effectiveness; Japan

Introduction different biologic systemic therapies have been approved in
Japan for the treatment of psoriasis, including inhibitors of
tumor necrosis factor-alpha (TNFa) (adalimumab, infliximab and
certolizumab), interleukin (IL)—12/23 (ustekinumab), IL-17 (secu-
kinumab, brodalumab, and ixekizumab), and IL-23 (guselkumab
and risankizumab) (10). Clinical guidelines in Japan recommend
treatment with biologics in patients who either: have not
adequately responded to standard systemic therapies or photo-
therapy, with an affected body surface area (BSA) of least 10%;

Psoriasis is a chronic autoimmune disease of the skin that
affects approximately 0.34% of the population in Japan (1,2).
Presenting as erythematous, scaled skin plaques that can be
painful and disfiguring, psoriasis adversely impacts the physical,
mental, and social well-being of patients (3). The extent of
impairment to health-related quality of life is reported to be
comparable to that of other major chronic diseases, including
heart failure, type 2 diabetes, and depression (4,5). Psoriasis has

also been found to cause significant loss of work productivity,
with high correlations between disease severity and missed
work (i.e. absenteeism) and reduced productivity while working
(i.e. presenteeism) (6,7).

Initial treatments of psoriasis typically include topical medica-
tions, followed by phototherapy or systemic therapies in
patients refractory to topical agents (8). Conventional non-
biologic systemic therapies such as methotrexate and ciclo-
sporin continue to have a role in the management of psoriasis
but are often insufficient to achieve high skin clearance in
patients with moderate to severe disease (9). Since 2010, several

or have refractory skin or joint symptoms that are intractable to
standard systemic therapies and significantly impaired quality of
life (e.g. Dermatology Life Quality Index [DLQI] of 10 or
more) (11,12).

Risankizumab is a fully humanized monoclonal antibody with
a high affinity for the p19 component of IL-23, a cytokine that
contributes directly to the pathogenesis of psoriasis (13). Data
from four large, multi-national, phase 3 randomized controlled
trials (UltIMMa-1/NCT02684370, UltIMMa-2/NCT02684357,
IMMvent/NCT02694523, and IMMhance/NCT02672852) showed
significantly greater efficacy with risankizumab versus placebo
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Figure 1. Model structure schematic. Transitions to death may occur from any health state. Arrows to death are omitted from the diagram for simplicity. The pri-
mary response period consists of up to four 4-week tunnel states, depending on the recommended timing of response assessment for the biologic received.
Patients are assumed to continue treatment until the end of the primary response period, unless they transition to death within this timeframe.

(14-16), ustekinumab (14), and adalimumab (15) as measured
by relative improvements from baseline in the Psoriasis Area
and Severity Index (PASI). Across the trials, 72.4-753% of
patients randomized to risankizumab achieved >90% improve-
ment in PASI (i.e. PASI 90) at week 16 (14-16), with 75.7-81.9%
achieving PASI 90 following longer-term maintenance therapy
with risankizumab at week 44 (15) or 52 (14). Risankizumab is
the latest anti-IL-23 biologic approved in Japan (approval date:
March 26, 2019) for the treatment of psoriasis in patients who
have not responded sufficiently to conventional therapies (17).

The advent of biological therapies has improved the stand-
ard of care for moderate to severe psoriasis and levels of treat-
ment satisfaction and efficacy compared with conventional
systemic therapies (13-15), but at a higher cost of treatment
(18). Cost-effectiveness analyses conducted from different per-
spectives can help guide consensus building among decision-
makers regarding the economic value of different treatment
options (19). Few economic evaluations of biologic treatments
for psoriasis have been conducted in the Japanese health care
setting (18,20-22), as cost-effectiveness analyses historically did
not have a formal role in the appraisal of new health care inter-
ventions in Japan. Economic evaluation has increasingly gained
traction in Japan as a potential tool to promote efficient health
care spending, with the establishment of a pilot program
in 2016 and subsequent development of guidelines for cost-
effectiveness methods by the newly created Center for
Outcomes Research and Economic Evaluation for Health
(CORE2-Health) (23,24). In Japan, interventions may be consid-
ered cost-effective if associated with an incremental cost-
effectiveness ratio (ICER) below a willingness-to-pay of ¥5
million to ¥6.7 million per quality-adjusted life year (QALY)
gained (25,26).

This study aimed to evaluate the cost-effectiveness of risanki-
zumab versus other biological treatments (specifically adalimu-
mab, infliximab, ustekinumab, secukinumab, brodalumab,
ixekizumab and guselkumab at the time of the analysis in May
2019) of moderate to severe psoriasis in Japan. Costs were eval-
uated from three different perspectives: the health system per-
spective, which included total direct health care costs incurred
by the national payer or the patient; the societal perspective,
encompassing both direct health care costs and indirect costs
of work loss associated with psoriasis severity and treatments;
and the patient perspective, which focused on copayments for
health care that are incurred out-of-pocket by the patient. The
societal perspective is relevant to the decision problem given

the reported impact of psoriasis on work productivity (6). The
patient perspective is also important to evaluate, as drug copay-
ment has been found to influence patient preferences for psor-
iasis treatments in Japan (27), and is described in clinical
guidelines as a factor that should be considered when selecting
biologics for psoriasis (11,28).

Methods
Model overview

A decision-analytic model was implemented in Excel 2016
(Microsoft Corporation, Redmond, WA) to examine the cost-
effectiveness of biologic treatments for moderate to severe
psoriasis. A lifetime horizon (defined as 100years minus the
starting age of the model cohort) was adopted in order to com-
prehensively capture relevant differences in costs and health
effects between the comparators (24,29). The model used a 4-
week cycle length, an interval that was sufficiently short to pre-
cisely model variable dosing schedules and timing of response
assessment for different treatments, without the need for half-
cycle correction. Outcomes included QALYs, costs (in 2019 JPY),
and ICERs. Annual discounting by 2% was used for costs and
health effects (24).

Parameter inputs for the model were obtained from existing
data sources, including summary-level trial results and other
published literature, publicly available databases, and de-
identified, retrospective claims data. Therefore, no ethical review
was required.

Target population

According to clinical guidelines in Japan, biologics are posi-
tioned for use after systemic non-biologic therapies (11,12). The
model, therefore, considered adults (age 20years or older) with
moderate to severe plaque psoriasis for whom conventional sys-
temic treatment or phototherapy is inadequately effective, not
tolerated or contraindicated. Based on the intention-to-treat
population of the phase 2/3 SustalMM (NCT03000075) trial of
risankizumab in Japan, patients entering the model were
51.9years old, with a mean weight of 74kg and with females
comprising 16.4% of the population (30).



Table 1. Probabilities of PASI 50, 75, 90, and 100 response by treatment, based on a network meta-analysis of randomized controlled trials.
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. PASI 50
Week of primary response

Estimate (95% Crl)

PASI 75

PASI 90

PASI 100

Estimate (95% Crl)

Estimate (95% Crl)

Estimate (95% Crl)

Treatment® assessment in the model®

Risankizumab 16 96.4% (95.4, 97.2)
Adalimumab 16 85.8% (83.5, 87.8)
Brodalumab 12 96.2% (95.2, 97.1)
Guselkumab 16 95.3% (93.9, 96.5)
Infliximab 10 92.1% (90.0, 94.0)
Ixekizumab 12 96.2% (95.2, 97.1)
Secukinumab 12 93.5% (92.0, 94.8)
Ustekinumab 16 86.4% (83.7, 88.7)

89.2% (86.9, 91.3
69.5% (66.0, 72.6
88.7% (86.5, 90.8
86.8% (83.8, 89.4

88.8% (86.5, 90.9
83.1% (80.2, 85.7

71.6% (67.5, 75.4)
43.7% (40.0, 47.4)
70.6% (66.8, 74.6)
67.3% (62.5, 71.9)

70.8% (66.8, 74.6)
61.4% (57.2, 65.6)

40.4% (35.9, 45.0
16.5% (14.2, 19.0
39.2% (35.2, 43.9
35.7% (30.9, 40.7

39.5% (35.2, 44.0
29.9% (26.3, 33.9

) )
( ) ( ( )
( ) ( ( )
( ) ( ( )
80.4% (76.5, 84.0) 57.4% (52.2, 62.8) 26.5% (22.3, 31.4)
( ) ( ( )
( ) ( ( )
( ) ( ( )

70.5% (66.5, 74.2 44.9% (40.4, 49.3) 17.2% (14.5, 20.2

Crl: credible interval; PASI: Psoriasis Area and Severity Index.

®Estimates and 95% Crls for each treatment are based on a reference arm-adjusted random effects network meta-analysis of PASI responses reported at the

end of the primary response period (10-16 weeks from baseline) (32).

PBased on the recommended week of primary response assessment for each biologic (31). The recommended week of response assessment aligned with the
primary endpoint visit in the included clinical trials, with the following exceptions: PASI response was evaluated at week 12 in the included trials of ustekinu-

mab 45mg, and in two of the ten included trials of adalimumab (32).

Intervention and comparators

Risankizumab was evaluated based on the label-approved dos-
age of 150 mg administered via subcutaneous injection at weeks
0 and 4, followed by every 12weeks (Q12W) thereafter.
Comparator treatments were similarly modeled according to
licensed dosing schedules (28) and clinical guidelines (11,12)
and included biologics approved for the treatment of psoriasis
in Japan: adalimumab (80mg at week 0, then 40mg every
2 weeks [Q2W]), infliximab (5mg/kg at weeks O, 2, and 6, then
every 8 weeks [Q8W] thereafter), secukinumab (300 mg at weeks
0, 1, 2, 3, and 4, then every 4 weeks [Q4W]), ixekizumab (160 mg
at week 0, then 80 mg Q2W until week 12 and Q4W thereafter),
ustekinumab (45 mg at weeks 0 and 4, then Q12W, with poten-
tial dose escalation to 90mg in case of inadequate response),
brodalumab (210 mg at weeks 0, 1, and 2, then Q2W thereafter),
and guselkumab (100mg at weeks 0 and 4, then Q8W
thereafter).

Model structure

A Markov cohort-level model was constructed to simulate the
treatment status and survival of patients over time. The model
structure comprised four mutually exclusive treatment-related
states (Figure 1): primary response period; subsequent mainten-
ance period; best supportive care (BSC); and death.

At model entry, patients newly initiated a line of biologic
therapy at the start of the primary response period, which
ranged from 10 to 16 weeks depending on the recommended
timing of response assessment for the specific treatment
received (Table 1) (31). Each primary response period is modeled
as a series of up to four 4-week tunnel states, depending on the
length of the primary response period for a given treatment. All
patients were assumed to continue treatment throughout the
primary response period (unless death occurs within this state).
At the end of this period, patients who did not meet the speci-
fied minimum response threshold (PASI 75, i.e. >75% improve-
ment in PASI score, in the base case) were assumed to
discontinue treatment at end of the primary response period.
Patients who met the minimum response threshold were classi-
fied as responders who would continue to the subsequent
maintenance period with the same therapy. To account for
potential loss of efficacy or tolerability over time, the model
applied an annual risk of discontinuation to patients receiving
maintenance therapy. Patients were assumed to maintain their

initial level of PASI response only until discontinuation of main-
tenance therapy due to any cause.

Upon discontinuing biologic therapy, patients transitioned to
BSC, a state representing a mix of non-biologic supportive medi-
cations. Patients who entered the BSC state were assumed to
remain in this state until death. In each model cycle, transitions
to death could occur from any of the other states. All-cause
mortality risks were assumed to be unaffected by the choice of
treatment for psoriasis or by the condition itself.

Utility was determined based on the treatment-specific distri-
bution of PASI response across five levels, each defined by per-
centage improvements in PASI scores from baseline: PASI 100
(100% improvement), PASI 90-99 (90-99% improvement), PASI
75-89 (75-89% improvement), PASI 50-74 (50-74% improve-
ment), and PASI <50 (<50% improvement). The base case
assumed that utility gains increase linearly over the course of
the primary response period, and remain constant for the dur-
ation of time spent in the subsequent maintenance period.
Sensitivity analyses assuming zero or immediate utility gains in
the primary response period were also tested. Patients’ utility
was assumed to revert to baseline levels upon transitioning
to BSC.

In the base case, patients were assumed to be treated by a
single line of biologic therapy followed by BSC. In an alternative
model scenario, patients who discontinued the first-line biologic
were instead assumed to transition through two additional lines
of biologic treatment before BSC. The supplemental material
includes an alternative model schematic (Figure S1) and details
on the treatment sequencing assumptions (Table S1) used this
scenario analysis.

Model parameters

Clinical efficacy

Measures of treatment effectiveness in the model included the
proportions of patients achieving >50%, >75%, >90%, and
100% relative improvement in PASI scores from baseline.
Response rates based on relative change in PASI score are con-
sistently reported as outcomes in randomized controlled trials,
which facilitated evidence synthesis through network meta-
analysis (NMA).

PASI response rates used to inform the model were obtained
from a Bayesian NMA using a random effects ordinal model,
which adjusted for reference arm response (32). The NMA
included data reported at 10-16weeks from the four multi-
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national phase 3 clinical trials of risankizumab (14-16) and from
phase 2 or 3 trials of comparators identified through a system-
atic literature review. Table 1 presents the estimated probabil-
ities of PASI 50, 75, 90, and 100 response at the end of the
primary response period.

In a scenario analysis, PASI response rates were instead esti-
mated based on a meta-analysis of long-term (44- to 60-week)
trial results, conducted using the DerSimonian and Laird meta-
analytic method (Table S2 of the Supplemental material) (32).

Transition probabilities

From primary response period to subsequent maintenance. At
the end of the primary response period, assessment of whether
patients achieved a minimum response of PASI 75 determined
whether they transitioned to subsequent maintenance or BSC
state. The probability of continuing on to subsequent mainten-
ance therapy, therefore, corresponded to the probability of PASI
75 response (Table 1). Alternative PASI response criteria (PASI
50, PASI 90, and PASI 100) were also tested in scenario analyses.

From subsequent maintenance to BSC. Among primary respond-
ers who entered the subsequent maintenance period, a treat-
ment-specific annual dropout probability was applied during
this period to represent discontinuation due to any cause,
including loss of efficacy and safety concerns. The annual dis-
continuation probability was converted into a 4-week discon-
tinuation probability based on an assumption of constant
hazards. The resulting probability was applied in each 4-week
model cycle as the transition probability from maintenance ther-
apy to BSC.

The annual discontinuation risk for each treatment repre-
sented the sum of annual discontinuation risks due to adverse
events (AEs) and other cases. Risks of AE-related discontinuation
were estimated using comparative evidence from an NMA of
AE-related discontinuation reported from randomized controlled
trials in moderate to severe psoriasis (33). Specifically, the NMA-
based odds ratio of AE-related discontinuation for each treat-
ment vs. adalimumab was applied to the reported percentage
of patients who discontinued adalimumab due to AEs by 1year
(i.e. 7%) in a large, real-world registry study by Warren et al.
(34), resulting in estimates of 1-year AE-related discontinuation
risk for each treatment (Table S3 of the Supplemental material).
Adalimumab was the treatment with the largest available sam-
ple size in Warren et al. and was therefore used as the reference
treatment for these calculations. For all treatments, 1-year dis-
continuation risk due to reasons other than AEs was assumed to
be equivalent to that reported for adalimumab in Warren et al.
(i.e. 14%).

Mortality from all other health states. Age-dependent all-cause
mortality rates were based on national life tables for Japan (35).
The mortality rate at each age was calculated as a weighted
average of gender-specific mortality rates, based on the gender
distribution of the target population.

Utility inputs

Valuation of health effects for each treatment in the model was
based on the change in utility from baseline associated with dif-
ferent levels of PASI response (Table 2). The utility gain corre-
sponding to each PASI response level was assumed to be the
same irrespective of treatment. Utility inputs were obtained
from the York Model, developed by the technology assessment

group at the University of York on behalf of the National
Institute for Health and Care Excellence (NICE) for a multiple
technology appraisal of psoriasis treatments (36).

Cost inputs

Drug acquisition and administration costs. Drug acquisition
costs were calculated in the model as a function of unit drug
costs and dosing schedules for the included treatments (Table
2). Unit drug costs as of May 2019 were retrieved from the
Ministry of Heath, Labor and Welfare (MHLW) (37). Weight-based
dosing requirements for infliximab were calculated using the
mean baseline weight of patients in the target population, with
the assumption of no vial-sharing. Based on guideline recom-
mendations (11,12), a proportion of patients receiving ustekinu-
mab were expected to dose-escalate to the 90mg dosage
during the subsequent maintenance period (Table 2).

Drug administration costs were dependent on the route of
administration in Japan, categorized as provider-administered
intravenous infusion (infliximab), provider-administered subcuta-
neous injection (risankizumab, ustekinumab, guselkumab), or self-
administered subcutaneous injection (all other comparators). Unit
costs of visits to administer or prescribe treatments were
obtained from the MHLW (Table 2) (38). Administration costs
were applied at intervals corresponding to licensed dosing sched-
ules for provider-administered biologics (28), or the observed
average interval between prescription fills for each self-adminis-
tered biologic within the Japan Medical Data Center (JMDC)
Claims Database (Table S4 of the Supplemental material).

Monitoring costs. Routine monitoring requirements during bio-
logic treatment, including routine outpatient visits and labora-
tory tests, were derived from the Japanese Dermatological
Association (JDA) guidelines (11). Unit costs of monitoring serv-
ices were obtained from the MHLW (Table 2).

Adverse event costs. The model considered medical management
costs for the following serious AEs: non-melanoma skin cancer,
malignancy other than non-melanoma skin cancer, and severe
infections (Table 2). These AEs were selected for inclusion based
on data availability and the expectation that each event would
result in hospitalization and significant medical expenditure.

For risankizumab, rates of these AEs (in terms of events per
patient-year) were based on pooled data from the UltIMMa-1,
UltIMMa-2, IMMvent, and IMMhance trials. To pool the AE rates
across trials, the sum of the number of events in the four trials
was divided by the sum of the total patient-years contributed by
the four trials. For other treatments, rates of each AE were
extracted from summary of product characteristic labels (39-41),
phase 3 trial publications (42-45), and large registry studies (46,47).

BSC costs. A recurring cost per cycle was applied within the BSC
state to capture the health care resource use of patients with
moderate to severe psoriasis who are managed without biologic
therapy. The monthly cost of BSC incorporated costs associated
with: conventional systemic therapies or phototherapy; hospital-
ization for a subset of patients; and routine monitoring, pre-
scription fees, and physician visits for all patients (Table 2).

Indirect costs. Under the societal perspective, indirect costs asso-
ciated with work productivity impairment were also considered.
Indirect costs were estimated based on the absenteeism and
presenteeism associated with different levels of PASI response (7),
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Table 2. Summary of cost and utility inputs.
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Parameter

Value

Source(s)

Utility gains from baseline by PASI response
PASI <50
PASI 50-74
PASI 75-89
PASI 90-100
Unit drug costs (¥)
Risankizumab
Adalimumab
Brodalumab
Guselkumab
Infliximab
Ixekizumab
Secukinumab
Ustekinumab
Proportion of patients who dose escalate from
ustekinumab 45 mg to 90 mg

Unit costs per drug administration or
dispensing (¥)
Provider instruction for self-administration

Mean (SE)
0.12 (0.03)
0.29 (0.06)
0.38 (0.08)
0.41 (0.09)

239,374 per 75mg
62,384 per 40 mg
73,158 per 210 mg
319,130 per 100 mg
80,426 per 100 mg
146,244 per 80 mg
73,132 per 150 mg
437,038 per 45mg
33.7%

12,300 / 6,500

Prescription fee 680
Pharmacy dispensing fee 260
Provider administration of 200
subcutaneous injection

Provider administration of intravenous infusion 4,990

Unit costs of monitoring services (¥)
Physician visit
Pre-treatment monitoring tests
Monitoring tests during primary response period
Monitoring tests during maintenance
AE rates (events/patient-year)
Risankizumab

Adalimumab 0.0096 / 0.0098 / 0.0519
Brodalumab 0.0000 / 0.0022 / 0.0112
Guselkumab 0.0068 / 0.0068 / 0.0068
Infliximab 0.0050 / 0.0000 / 0.0552
Ixekizumab 0.0070 / 0.0040 / 0.0190

Secukinumab
Ustekinumab
AE costs per episode (¥)
Monthly BSC costs (¥)

Conventional systemic therapy or phototherapy 21,310
Hospitalization cost 889
Monitoring services 4,090
Prescription fee 680
Physician visit cost 730

730 (per administration or dispensing)
34,360 (one-time cost)

11,330 (applied at 1 and 3 months)
12,380 (applied twice annually)
NMSC/Other malignancies/Severe infection
0.0061 / 0.0054 / 0.0198

0.0000 / 0.0020 / 0.0150
0.0048 / 0.0049 / 0.0200
184,660 / 244,138 / 298,730

York Model (36)

MHLW (accessed in May 2019) (37)

Data were extracted from the JMDC Claims
Database (Jul 2014-Jun 2017). Japan Medical
Data Center Co., Ltd.

MHLW (38)

Unit costs of services: MHLW (38); monitoring
requirements during biologic therapy: JDA
guidelines (11)

UltIMMa-1/2 (14); IMMvent (15); IMMhance (16)
SmPC (40); Dixon et al. (2006) (46)

Lebwohl et al. 2015 (45)

Blauvelt et al. 2017 (44)°

Reich et al. 2015 (47); Dixon et al. 2006 (46)
Gordon et al. 2016 (43)

SmPC (39); Langley et al. 2014 (42)

SmPC (41)

MHLW (38)

MHLW (38)°

Cost per hospitalization: MHLW (38); annual risk of
hospitalization for psoriasis (3.1%): MDV
Database, Apr 2018 to Mar 2019

MHLW (38)

MHLW (38)

MHLW (38)

AE: adverse event; BSC: best supportive care; JDA: Japanese Dermatological Association; JMDC: Japan Medical Data Center; MDV: Medical Data Vision; MHLW:
Ministry of Health, Labor and Welfare; NMSC: non-melanoma skin cancer; PASI: Psoriasis Area and Severity Index; SE: standard error; SmPC: Summary of Product

Characteristics.

*Applied per prescription of self-administered subcutaneous therapies; Table S4 of the supplemental material reports the expected intervals (in weeks) between
consecutive prescription fills of self-administered therapies, based on observed data from the JMDC Claims Database. The unit cost of provider instruction for
self-administration decreases from ¥12,300 in the primary response period to ¥6,500 during subsequent maintenance.

PReported percentages of patients with AEs in Blauvelt et al. (44) were converted to rates (events/patient-year) by assuming constant hazards.

“Patients were assumed to receive cyclosporin (45%), methotrexate (45%), or phototherapy (10%). The monthly cost of phototherapy was calculated based on

the recommendation of one 13-week course per year.

as well as the expected loss of additional work hours due to pro-
vider visits to administer or prescribe treatment (48,49). Details
are provided in Table S5 of the Supplemental material.

Patient copayments. Under the patient perspective, copay-
ments for biologic treatment costs (including drug acquisi-
tion, administration, and monitoring) were calculated based
on Japan’s National Health Insurance (NHI) copayment
requirements under the High-Cost Medical Expense Benefit
(HCMEB) for general NHI members (50,51), described in Table
S6 of the Supplemental material.

Sensitivity analyses

Sensitivity analyses were conducted to assess the robustness
of the cost-effectiveness results under the health system per-
spective. To identify parameters with a strong influence on the
results, deterministic sensitivity analyses (DSAs) were conducted
in which one model input was varied at a time. PASI response
probabilities and odds ratios of AE-related discontinuation were
varied between the lower and upper limits of their 95% credible
intervals from the posterior distributions of the NMAs (32,33).
Unit drug costs were varied by +2% to account for small poten-
tial fluctuations in drug prices. Mean patient weight, the annual
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rate of discontinuation, and cost inputs were varied above and
below the mean by 20%. Additionally, scenario analyses were
conducted to test the influence of specific model settings and
assumptions, including the time horizon, discount rates for costs
and QALYs, primary response criterion, source of efficacy inputs,
treatment sequences, and timing of utility gains during the pri-
mary response period.

To characterize uncertainty in the model results, a probabilis-
tic sensitivity analysis (PSA) was undertaken in which key model
parameters were simultaneously varied based on specified distri-
butional assumptions over 1,000 model iterations. Where avail-
able, the standard error of a distribution was obtained from the
same data source used to inform the base-case input value;
otherwise, the standard error was assumed to be equal to the
mean value divided by 4. Probabilities of PASI response and
odds ratios of AE-related discontinuation were varied according
to the posterior distribution produced by the NMAs (32,33).
Normal distributions were used to represent uncertainty in the
utility gains associated with each level of PASI response.
Gamma distributions were used for cost parameters, which are
constrained to be greater than zero. Beta distributions were
used for other probabilities to reflect their allowable range
between zero and one.

Results
Base-case results

Health system perspective

Over the lifetime model horizon, total QALYs gained were (in
order of magnitude): 1.84 for risankizumab, 1.54 for guselkumab,
1.29 for brodalumab, 1.29 for secukinumab, 1.17 for ustekinu-
mab, 1.14 for adalimumab, 1.06 for ixekizumab, and 0.95 for
infliximab (Table 3). For each treatment, total QALYs gained are
measured relative to baseline and thus represent the additional
QALYs that accrue above and beyond the scenario in which
patients had remained at their baseline utility level throughout
the model horizon.

Under the health system perspective, which focused on dir-
ect health care costs only, total costs were ¥16,325,662 for risan-
kizumab and ranged from ¥12,054,076 for adalimumab to
¥15,008,768 for guselkumab among the comparators (Table 3).
Cost differences were largely attributable to biologic drug acqui-
sition and administration costs (¥10,027,108 for risankizumab
versus ¥5,215,073-¥8,499,879 for comparators); these costs were
generally higher for biologics associated with longer total treat-
ment duration (as determined by probabilities of PASI 75
response and risks of AE-related discontinuation). Costs of med-
ical management and supportive medications in the BSC state
were lowest for risankizumab (¥6,079,057) and highest for inflixi-
mab (¥6,813,386).

The resulting base-case ICERs of risankizumab versus compa-
rators from the Japanese health system perspective ranged from
¥2,545,812/QALY versus ustekinumab to ¥6,077,134/QALY versus
adalimumab (Table 3).

Societal perspective

When considering a societal perspective, total costs (i.e. includ-
ing both direct health care costs and indirect costs of work
productivity loss) were ¥25538,283 for risankizumab and
between ¥22,480,073 and ¥24,913,367 for comparators (Table 3).
Indirect costs were lowest for risankizumab (¥9,212,621), with an

indirect cost savings of ¥504,539 to ¥1,452,278 relative to com-
parator treatments. The resulting ICERs of risankizumab versus
comparators from the societal perspective ranged from
¥921,770/QALY versus ustekinumab to ¥4,350,879/QALY versus
adalimumab (Table 3).

Patient perspective

Based on patient cost-sharing requirements in Japan, risankizu-
mab was estimated to reduce out-of-pocket copayments by
¥7,027-¥236,154 relative to four comparators (adalimumab, bro-
dalumab, guselkumab, and secukinumab), and was, therefore, a
cost-saving strategy versus these comparators from a patient
perspective. Risankizumab was expected to increase copayments
by ¥88,493-¥326,747 versus the remaining three comparators,
with resulting ICERs of ¥112,421/QALY-¥481,961/QALY under
the patient perspective.

DSA and scenario analysis results

Tornado diagrams present the fifteen most influential one-way
DSAs and scenario analyses in comparisons of risankizumab ver-
sus IL-23 or IL-12/23 inhibitors (Figure 2) and versus other com-
parators (Figure S2 of the Supplemental material) under the
health system perspective.

Across all one-way sensitivity analyses, ICERs (in terms of incre-
mental costs per QALYs gained) were within a range of
¥3,609,391-¥5,463,970 versus guselkumab, ¥180,068-¥3,878,932
versus ustekinumab, ¥5,064,278-¥8,567,721 versus adalimumab,
¥4,547,657-¥13,213,457 versus brodalumab, ¥2,313,479-¥5,648,838
versus infliximab, ¥3,676,702-¥5,515,053 versus ixekizumab, and
¥3,948,023-¥6,171,337 versus secukinumab. The ICERs of risankizu-
mab versus all comparators varied inversely with the size of utility
gains associated with PASI response. When changing parameters
or assumptions that affect treatment duration, the impact on the
ICER differed across comparators; for example, the highest ICER
versus brodalumab (¥13,213,457/QALY) and the lowest ICER versus
ustekinumab (¥180,068) occurred when varying the odds ratio of
AE-related discontinuation for risankizumab versus the comparator
to the upper limit of its 95% credible interval.

The ICERs showed small to moderate variation in scenarios
using: three-line treatment sequences (with or without variation
in efficacy by line of therapy); alternative criteria to define pri-
mary response (i.e. PASI 50, 90, or 100 instead of PASI 75); and
long-term efficacy inputs (with or without also changing the
primary response criterion). Relative to the base-case ICERs
(reflecting a lifetime model horizon), ICERs were similar when
using 10- or 20-year timeframes. The cost-effectiveness results
also were not sensitive to characteristics of the model cohort
(with the exception of patient weight in comparisons with inflix-
imab); BSC, drug administration, or monitoring costs; assump-
tions of zero or immediate utility gains in the primary response
period; annual discount rates for costs and QALYs; or small fluc-
tuations in unit drug prices.

PSA results

Probabilistic ICERs, which are based on the averages of total
costs and total QALYs gained over 1,000 PSA simulations, were
consistent with base-case ICERs under the health system per-
spective (Table S7, Supplemental material).

The cost-effectiveness acceptability curves in Figure S3a
show the probability of each biologic being the most cost-
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Ustekinumab
1.166

14,599,721
7,819,651
134,918
24,927
6,620,225
24,913,367
14,599,721
10,313,646
664,715
2,545,812
921,770
481,961

Secukinumab
13,697,978
6,994,055
148,836

16,374
13,697,978

1.289
6,538,713
23,809,351
10,111,373
1,063,439
4,737,628
3,117,208
Cost-saving

Ixekizumab
1.057
12,852,717
5,964,101
131,488
21,471
6,735,657
23,322,043
12,852,717
10,469,326
902,970
4,412,042
2,815,520
112,421

Infliximab
12,712,867
5,731,348
125,147

42,987
23,377,766

0.954
6,813,386
12,712,867
10,664,899
831,525
4,062,325
2,429,345
179,838

Guselkumab
15,008,768
8,499,879
165,573

19,567
24,725,929

1.543
6,323,750
15,008,768
9,717,161
1,227,616
4,371,176
2,696,454
Cost-saving

13,319,400
6,616,969
148,625

12,695
13,319,400

Brodalumab
1.293
6,541,111
23,401,688
10,082,288
1,066,492
5,457,188
3,878,505
Cost-saving

Adalimumab
12,054,076
5,215,073
140,033

58,807
22,480,073

6,640,163
12,054,076
10,425,997
998,489
6,077,134
4,350,879
Cost-saving

1.141

Risankizumab
16,325,662
10,027,108
180,380

39,117
16,325,662

1.844
6,079,057
25,538,283
9,212,621
991,462

Drug and administration costs®

Monitoring costs®

Adverse event costs®

Direct costs of health care

Indirect costs of work loss
Patient perspective (copayments only)

BSC costs
Societal perspective (direct and indirect costs)

Health system perspective (direct costs only)
Total direct costs of health care

Total direct and indirect costs

Health system perspective

Societal perspective

Patient perspective

Total copayments
Drug acquisition and administration costs, monitoring costs, and adverse event costs are calculated over the total duration of biologic treatment. Total treatment duration varies depending on the probability of

PASI 75 response and risk of AE-related discontinuation associated with a particular biologic.

BSC: best supportive care; ICER: incremental cost-effectiveness ratio; PASI: Psoriasis Area and Severity Index; QALY: quality-adjusted life year.

Table 3. Base-case cost-effectiveness results under the health system, societal, and patient perspectives.

ICER of risankizumab vs. comparator (Acosts/AQALY), by perspective

QALY gains relative to baseline

Costs (¥), by perspective

Outcomes
Effectiveness
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effective treatment from a health system perspective over
a range of different willingness-to-pay thresholds. Based on a
willingness-to-pay threshold of ¥6.7 million/QALY, the probabil-
ity of being the most cost-effective treatment was 52% for risan-
kizumab, 32% for adalimumab, 13% for brodalumab, and <2%
for all other comparators. At the lower bound of willingness-to-
pay in Japan (¥5 million/QALY), the highest probability of cost-
effectiveness was estimated for adalimumab (80%), followed by
risankizumab (11%), brodalumab (8%), and other comparators
(all <1%).

Under the societal perspective, the probability of cost-
effectiveness was highest for risankizumab at willingness-to-pay
thresholds at or above ¥4.7 million/QALY, and ranged from
48.9% at ¥5 million/QALY to 77.5% at ¥6.7 million/QALY (Figure
S3b, Supplemental material).

Discussion

The present study sought to evaluate the cost-effectiveness of
risankizumab compared with other biologics approved for the
treatment of moderate to severe psoriasis in Japan at the time
of the analysis in May 2019, using three complementary per-
spectives (health system, societal, and patient) for the estima-
tion of costs.

Results from this economic evaluation suggest that risankizu-
mab is a cost-effective strategy for achieving higher levels of
skin clearance within the biologic-eligible target population.
Under base-case assumptions, risankizumab was expected to
provide an additional 0.30-0.89 QALYs relative to comparator
biologics, at an incremental cost of ¥1.3 million-¥4.3 million
(11,864-38,483 United States dollars [USD] (52)) to the health
system or ¥0.6 million-¥3.1 million (5,630-27,551 USD) to soci-
ety. Across the comparators, base-case ICERs were ¥2.5 mil-
lion-¥6.1 million/QALY (22,935-54,749 USD/QALY) under the
health system perspective or ¥0.9 million-¥4.4 million/QALY
(8,304-39,197 USD/QALY) under the societal perspective. The
main driver of increased cost with risankizumab was drug acqui-
sition and administration costs, as the model was designed to
predict longer treatment durations for biologics associated with
higher probabilities of PASI 75 achievement and lower risks of
AE-related discontinuation. Sensitivity analyses showed that the
ICERs versus some comparators were sensitive to parameters
determining treatment duration (e.g. annual discontinuation
risks). Because changes to treatment duration had a simultan-
eous competing influence on both costs and QALYs, the direc-
tion of the ICER impact varied by comparator.

In a cost-effectiveness framework, ICERs are interpreted in
relation to a region-specific willingness-to-pay benchmark, rep-
resenting the maximum ICER at which a treatment is consid-
ered cost-effective. Based on evidence from population-based
discrete choice experiments, willingness-to-pay in Japan has
been estimated within a range of ¥5 million to ¥6.7 million per
QALY gained (25,26), equating to approximately 45,045 to
60,360 USD per QALY gained (52). By comparison, when apply-
ing the global willingness-to-pay benchmark adopted by the
World Health Organization (i.e. three times gross domestic
product per capita) (53), the threshold for Japan increases to
¥12,882,459/QALY (or 116,058 USD/QALY) (54). Under each per-
spective considered, the base-case ICERs of risankizumab ver-
sus other biologics fell within or below the range of
acceptable thresholds. In probabilistic simulations based on
the health system perspective, risankizumab had the first- or
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(@)  mDecrease in input value Increase in input value
Utility values +/- 20%
Long-term efficacy inputs (with no response criterion)
Long-term efficacy inputs (with PASI 50 criterion)
OR of AE discontinuation (95% Crl) - Risankizumab vs. guselkumab
Per-cycle cost of BSC +/- 20%
Unit drug costs +/- 2%
Guselkumab efficacy (95% Crl from NMA)
Risankizumab efficacy (95% Crl from NMA)
Response criterion - No response required
Three-line sequences with varying efficacy by line of therapy
Three-line sequences
Response criterion - PASI 100
Long-term efficacy inputs (with PASI 75 criterion)
Response criterion - PASI 90
Monitoring costs +/- 20%

(b) ™ Decrease in input value Increase in input value

Incremental cost-effectiveness ratio (cost/QALY)

2,000,000 4,000,000 6,000,000

Base case ICER:
¥4,371,176

Incremental cost-effectiveness ratio (cost/QALY)

2,000,000 4,000,000 6,000,000

OR of AE discontinuation (95% CrI) - Risankizumab vs. ustekinumab
Response criterion - No response required

Long-term efficacy inputs (with no response criterion)
Long-term efficacy inputs (with PAST 50 criterion)

Response criterion - PASI 100

Utility values +/- 20%

Response criterion - PASI 50

Response criterion - PASI 90

Ustekinumab efficacy (95% Crl from NMA)

Three-line sequences

Three-line sequences with varying efficacy by line of therapy
Model time horizon of 10 years

Per-cycle cost of BSC +/- 20%

Risankizumab efficacy (95% Crl from NMA)

Annual discontinuation +/- 20%

Base case ICER:
¥2,545,812

Figure 2. Tornado diagrams based on DSAs and scenario analyses of risankizumab versus: (a) guselkumab; and (b) ustekinumab. AE: adverse event; BSC: best sup-
portive care; Crl: credible interval; DSA: deterministic sensitivity analysis; ICER: incremental cost-effectiveness ratio; NMA: network meta-analysis; OR: odds ratio;

PASI: Psoriasis Area and Severity Index; QALY: quality-adjusted life year.

second-highest probability of being the most cost-effective
biologic within the willingness-to-pay range of ¥5 million/
QALY-¥6.7 million/QALY. Based on probabilistic simulations
under the societal perspective, risankizumab had the highest
probability of being the most cost-effective biologic through-
out this willingness-to-pay range.

Indirect costs were estimated to be substantial in the model,
comprising between 36% and 46% of the total societal cost bur-
den in each treatment arm. This result is in line with prior
reports from cost of illness studies conducted in other country
settings; for example, 32-40% of the total cost burden of psoria-
sis in the United States has been attributed to work productivity
loss (55,56). The magnitude of indirect costs, and the reported
linkage between PASI and work productivity (as measured by
the validated WPAI questionnaire) (6,7), suggests that cost-
effectiveness analyses of biologic treatments for psoriasis should
consider a broad scope of costs beyond direct health care costs
alone. When taking a societal perspective, drug acquisition costs
in the risankizumab arm were partially offset by reductions in
the indirect costs of productivity loss. These cost savings
reflected higher estimated levels of PASI response achievement
(resulting in  less  psoriasis-related  absenteeism  and

presenteeism) and less frequent dosing schedule than most
comparators (resulting in less frequent work absences for pro-
vider visits to administer or prescribe treatments).

The patient perspective has been proposed as an important
consideration in health economic evaluations, particularly for
decision problems that are high-stakes with respect to out-of-
pocket costs (57,58). Real-world studies among psoriatic patients
in Japan have shown that patient copayments over 1year are
substantial in those treated with biologics (18,20), and that dos-
ing convenience and copayment are among the important
attributes determining patient preference for biologic treat-
ments (27). Based on insurance benefits including the HCMEB in
Japan, copayments in the present model were, all else equal,
minimized for treatments with the longest (i.e. Q12W) interval
between consecutive administrations or prescription fills.
Consequently, despite longer treatment duration, risankizumab
resulted in lower total copayments than four of the comparators
and was thus considered a cost-saving strategy over these com-
parators from a patient perspective.

Given the recent introduction of several novel biologic treat-
ments for moderate to severe psoriasis in Japan, rigorous eco-
nomic evaluations of these treatments are needed to guide the



efficient use of health care resources. Prior research describing
the cost-effectiveness of biologics in the Japan setting has been
restricted to group-level comparisons or a subset of all relevant
approved comparators. One recent study used prospective
observational data from an outpatient clinic in Japan to evalu-
ate the cost-effectiveness of biologics relative to topical cortico-
steroids and conventional systemic therapies among patients
with psoriasis (20). The study concluded that biologics may be
considered cost-effective based on an ICER of ¥6,366,769/QALY
versus topical therapy, but did not comparatively assess the
cost-effectiveness of different biologics and was restricted to a
1-year observation period (20). Another study used a decision-
analytic modeling approach to evaluate the cost-effectiveness of
secukinumab over a 10-year timeframe; however, the compara-
tor set was limited to the older biologics adalimumab, inflixi-
mab, and ustekinumab (22).

Key strengths of this analysis include the lifetime horizon
and consideration of all biologic drug classes currently approved
for the treatment of psoriasis in Japan. This study also provides
the first report of cost-effectiveness from a societal perspective
in this setting. Nevertheless, the cost-effectiveness model is sub-
ject to limitations, including those associated with the data
sources used for parameter estimation. In particular, the NMA
used to inform efficacy inputs may be impacted by cross-trial
difference in protocols and patient characteristics that may
modify the treatment effect. The adjustment for reference arm
response in the NMA should reduce, but does not eliminate, the
potential for confounding due to cross-trial heterogeneity.

The NMA included short-term (10- to 16-week) data from
clinical trials, corresponding to the randomized controlled por-
tion of the included clinical trials. To explore the impact of this
limitation, a scenario analysis was conducted using PASI
response probabilities estimated from a meta-analysis of long-
term trial data (32). ICERs from this scenario analysis were com-
parable to those estimated in the base case.

Based on data availability, the utility gain corresponding to
each level of PASI response was assumed to be the same irre-
spective of treatment. The model thus did not incorporate any
variation in utility values that may occur due to differences in
patient preferences for different modes of administration or
less-frequent dosing intervals (27), or due to differences in the
conditional distribution of PASI responses within each PASI
response level.

The model incorporated the costs of three serious AEs of
special interest based on their high expected cost of manage-
ment per event. However, the health-related quality of life
impact of AEs was not modeled in this economic evaluation
due to uncertainty regarding the mean duration of the disutility
impact. The influence of AE-related disutility on the model
results was expected to be small given the infrequency of
malignant AEs and the acute nature of serious infections.

The analysis adopted global efficacy data given the larger
sample size of multi-national trials and unavailability of Japan-
specific trial data for some comparators. Epidemiologic studies
have shown differences in the mean age and gender distribu-
tion of patients with psoriasis in Japan versus Western countries,
and it is possible that these differences could impact the gener-
alizability of global trial results to a Japan-specific population.
However, the results for risankizumab 150 mg in the SustalMM
trial in Japan were consistent with findings from four global
phase Il trials, with 74.5% achieving PASI 90 at week 16 (30)
(compared with 72.4-753% in the global studies (14-16)).

JOURNAL OF DERMATOLOGICAL TREATMENT ‘ 9

Further research is warranted to comparatively assess the effect-
iveness of different biologic therapies in Japan as additional
data become available.

Conclusions

Risankizumab was estimated to increase costs relative to other
biologics approved for the treatment of psoriasis in Japan, with
high probabilities of PASI response and sufficient incremental
QALY gains over comparators to be considered cost-effective
from the health system and societal perspectives. Based on the
structure of insurance benefits in Japan, risankizumab was
expected to yield savings or minimal increases in out-of-pocket
copayments versus comparators under the patient perspective.
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