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ABSTRACT

Introduction: Clinical trials have shown bro-
dalumab to have better efficacy than ustek-
inumab for the treatment of moderate-to-severe
psoriasis. An estimation of the cost-effectiveness
of brodalumab vs. ustekinumab is warranted
and may be useful for treatment decision-mak-
ing processes, especially in the context of the
cost considerations of the current US healthcare
system. Therefore, we compared the cost-effec-
tiveness of brodalumab with ustekinumab for
treatment of moderate-to-severe psoriasis in
biologic-naive and biologic-experienced
patients in the USA.

Methods: An Excel-based economic model was
developed to estimate and compare total
annual costs to health plans associated with
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treatment with brodalumab vs. ustekinumab
per achievement of Psorasis Area and Severity
Index (PASI) 75, 90, and 100 for patients with
moderate-to-severe psoriasis.

Results: For treatment with brodalumab vs.
ustekinumab, total annual treatment costs per
PASI 75, 90, and 100 were $31,106, $57,776,
and $163,069, respectively, lower for a patient
naive to prior biologic treatment; they were
$40,535, $65,472, and $223,610, respectively,
lower for a patient experienced with prior bio-
logic treatment. In an additional analysis
among patients with and without prior biologic
failure, they were $52,822, $93,309, and
$365,606, respectively, lower for a patient with
failure and they were $31,660, $57,128, and
$164,996, respectively, lower for a patient
without failure.

Conclusion: Compared to ustekinumab, treat-
ment with brodalumab was associated with
better cost-effectiveness ratios for biologic-naive
and experienced-patients and also patients with
and without prior biologic treatment failure.
The greater cost-effectiveness of brodalumab
was most prominent for biologic-experienced
and prior biologic treatment failure patients.
Funding: Ortho Dermatologics.
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INTRODUCTION

Psoriasis is a chronic systemic inflammatory
disease that primarily affects the skin; it is also
associated with an increased risk for several
serious comorbidities, including psoriatic
arthritis, inflammatory bowel disease, cardio-
vascular disease, diabetes, cancer, and depres-
sion [1]. Psoriasis affects as many as 7.5 million
individuals in the USA, with 5% to 17% of them
having moderate-to-severe disease [2, 3]. In the
USA in 2013 the annual indirect and direct cost
of psoriasis was reported to be $112 billion [4].

With greater understanding of the
immunopathogenesis of psoriasis, several tar-
geted monoclonal antibodies have been devel-
oped in the last decade that have demonstrated
remarkable efficacy in clinical trials for the
treatment of moderate-to-severe psoriasis [5, 6].
Ustekinumab was the first monoclonal antibody
targeting the interleukin (IL)-12/-23 pathway to
be approved by the Food and Drug Adminis-
tration (FDA) in the USA (2009) for the treat-
ment of moderate-to-severe psoriasis [7].
Brodalumab was approved by the FDA in
February of 2017 [8]. It is a human monoclonal
antibody that selectively targets the IL-17
receptor A, thereby blocking pro-inflammatory
downstream signaling [5, 6].

The results of two phase III clinical trials,
AMAGINE-2 and AMAGINE-3, showed that
brodalumab had superior efficacy over ustek-
inumab after 12 weeks of treatment for achiev-
ing Psorasis Area and Severity Index (PASI) 7§,
90, and 100 (85.7% vs. 69.7%, 69.5% vs. 47.3%,
and 40.5% vs. 20.1% of patients, respectively,
all p <0.001) [9]. A recently published inte-
grated analysis of the AMAGINE-2/-3 trials
reported that the superior efficacy of bro-
dalumab compared to wustekinumab was
observed among both patients naive to biologic
treatment (PASI 75: 87.1% vs. 72.2%; PASI 90:
71.6% vs. 48.7%; PASI 100: 40.9% vs. 21.1%)
and patients experienced with biologic treat-
ment (PASI 75: 81.7% vs. 62.3%; PASI 90: 63.8%
vs. 43.4%; PASI 100: 39.5% vs. 17.0%) [10].
These results were also true among both
patients with prior biologic treatment failure
(PASI 75: 81.3% vs. 54.8%; PASI 90: 62.7% vs.

35.5%; PASI 100: 32.0% vs. 11.3%) and patients
without prior biologic treatment failure (PASI
75: 86.3% vs. 71.3%; PASI 90: 70.4% vs. 48.6%;
PASI 100: 41.7% vs. 21.1%) [10].

The better efficacy of brodalumab vs. ustek-
inumab across different patient types [10] sug-
gests that it may be a good treatment option
among not only patients initiating biologic
therapy but also those who have had prior
biologic exposure and may want to switch to
another biologic drug. An estimation of the
cost-effectiveness of brodalumab vs. ustek-
inumab across such patient types is warranted
and may be useful for treatment decision-mak-
ing processes, especially in the context of the
cost considerations of the current US healthcare
system. Therefore, we used the efficacy data
provided in the recent integrated analysis of the
AMAGINE-2/-3 clinical trials to compare the
expected cost-effectiveness of brodalumab with
ustekinumab for the treatment of patients with
moderate-to-severe psoriasis with and without
prior exposure to a biologic and with and
without prior biologic treatment failure.

METHODS

Description of Economic Model

A cost-effectiveness economic model from a US
payer perspective was constructed in Excel to
compare the average annual cost to health plans
for achieving PASI 75, PASI 90, and PASI 100
among moderate-to-severe psoriasis patients
treated with brodalumab (Siliq"™™, Ortho Der-
matologics, Bridgewater, NJ) or ustekinumab
(Stelara®, Janssen Biotech, South Raritan, NJ).
This economic model is based on previously
conducted studies and does not contain any
input with human participants or animals per-
formed by any of the authors.

Model Inputs

PASI 75, PASI 90, and PASI 100 efficacy data for
brodalumab and ustekinumab were obtained
from the published analysis results of the
AMAGINE-2 and AMAGINE-3 clinical trials in
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moderate-to-severe psoriasis patients [10]. The
2018-year wholesale acquisition cost (WAC)
data of the biologics were obtained from Red-
Book [11]. Drug dispensing fee [12, 13], patient
co-pay [12, 13], and drug contracting discount
(a hypothetical estimate of 20%) were incorpo-
rated into the model [13]. The average annual
total medical costs associated with a non-re-
sponse to biologic treatment (PASI < 75) and
potential adverse event (AE) monitoring (initial
and every 3 months) were derived from pub-
lished literature and also incorporated into the
model [14]. Model inputs for a patient naive to
prior biologic treatment and a patient experi-
enced with prior biologic treatment are shown
in Table 1 and inputs for a patient with and
without prior biologic treatment failure are
shown in Table 2.

Estimation of Cost-Effectiveness
of Brodalumab vs. Ustekinumab
Treatment to US Health Plans

The total annual costs to health plans for
treatment with brodalumab and ustekinumab
for a patient naive to prior biologic treatment
and a patient experienced with prior biologic
treatment were estimated. An additional anal-
ysis was conducted for a patient with prior
biologic treatment failure and a patient without
prior biologic treatment failure. Cost-effective-
ness of brodalumab and ustekinumab were
compared for the different patient types using
the estimated average treatment cost per
achievement of PASI 75, 90, and 100.

Sensitivity Analyses

Univariate (one-way) sensitivity analyses were
conducted to determine the effects of varying a
single model parameter at a time on the esti-
mated differences in total annual health plan
costs per PASI 75 for each patient type. The
model parameters that were varied in the uni-
variate analyses included brodalumab and
ustekinumab PASI 75 efficacy, drug cost dis-
count, patient co-pay, medical cost associated
with non-responder (PASI < 75), and biologic
drug AE monitoring costs. The impact of the

variations of such model parameters on the cost
differences of ustekinumab vs. brodalumab for
achievement of PASI 75 (cost per PASI 75) were
estimated when the model parameters were
varied between the ranges of their respective
95% confidence intervals. When the confidence
intervals were unknown, such as for the cost
parameters, they were varied + 30%.

Since in the real-world settings, the model
parameters may often be interdependent,
Monte Carlo multivariable sensitivity analyses
were also conducted. For each cycle of the
Monte Carlo analyses, the value of the PASI
efficacy rate was taken randomly from a Gaus-
sian distribution of the mean and standard
deviation of the corresponding variables. When
the standard deviations were unknown, such as
for the cost parameters, a coefficient of varia-
tion of + 30% is used for the Gaussian distri-
bution. Ten thousand such iterations were
conducted for each biologic comparison.
Descriptive statistics of the total cost differences
were reported from the results of the 10,000
such random Monte Carlo cycles for each cost
per PASI comparison. The 95% confidence
intervals (CIs) of the mean cost per PASI differ-
ences were evaluated as the range between the
2.5 and 97.5 percentile of cost per PASI differ-
ences from the 10,000 random cycles of Monte
Carlo simulation for ustekinumab vs. bro-
dalumab comparison. To further evaluate the
model robustness and result distribution, the
Monte Carlo multivariable analysis was carried
out for both the assessment of the differences in
cost per PASI 75 and cost per PASI 100.

RESULTS

Estimation of Total Annual Health Plan
Costs for Treatment with Brodalumab
and Ustekinumab per Patient

The 2018 WACs for brodalumab and ustek-
inumab were $1750 and $13,180, respectively
[11]. The number of injections per year was
based on prescribing information and was esti-
mated at 27 injections per year for brodalumab
and S injections per year for ustekinumab [7, 8].
The 45/90 mg dosage mix for ustekinumab used
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Table 1 Key model inputs for moderate-to-severe psoriasis patients naive to and experienced with prior biologic treatment

Biologic-naive

Biologic-experienced

Brodalumab Ustekinumab  Brodalumab Ustekinumab
Drug dosage for initiation and maintenance 210 mg 45/90 mg mix 210 mg 45/90 mg mix
Drug efficacy® [10]
PASI 75 (95% CI) 87.1% 72.2% 81.7% 62.3%
(84.8-89.3%) (67.9-76.3%) (77.2-85.7%) (54.2-69.8%)
PASI 90 (95% CI) 71.6% 48.7% 63.8% 43.4%
(68.6-74.5%) (44.0-53.4%) (58.4-68.9%) (35.6-51.5%)
PASI 100 (95% CI) 40.9% 21.1% 39.5% 17.0%

(37.7-44.2%)

Drug costs
Drug dispensing fee per Rx [12, 13] $3
Average patient co-pay per Rx [12, 13] $51
Drug cost without discount per patient-year $47,250
Hypothetical drug discount level 20%
Drug cost after discount per patient-year $37,800
Total patient payment per patient-year $612
Total health plan drug payment per patient-year $37,224
Annual medical cost associated with psoriasis $670
non-response (PASI < 75) [14]
Annual AE monitoring cost® [14] $278
Total annual cost per patient to health plan $38,172

(17.5-252%)  (34.2-45.0%)  (11.5-23.7%)

$3 $3 $3

$51 $51 $51
$65,900 $47,250 $65,900
20% 20% 20%
$52,720 $37,800 $52,720
$255 $612 $255
$52,480 $37,224 $52,480
$1342 $914 $1789
$278 $278 $278
$54,100 $38,416 $54,547

PASI Psoriasis Area and Severity Index, CI confidence interval, Rx prescription, AE adverse event

* Assessed at 12 weeks of treatment [10]

® Includes initial monitoring and monitoring every 3 months

in the model was based on the data of the
AMAGINE-2/-3 trials, in which 72% of patients
with moderate-to-severe psoriasis used the
45 mg dosage of ustekinumab [10]. After incor-
porating the annual drug cost (with patient co-
pay and dispensing fee per prescription inclu-
ded and a 20% hypothetical discount applied),
medical cost associated with psoriasis non-re-
sponse, and AE monitoring costs, the total
annual costs to a health plan for treatment with
brodalumab were estimated at $38,172 for a
patient naive to prior biologic treatment,
$38,146 for a patient experienced with prior

biologic treatment (Table 1), $38,434 for a
patient with prior biologic treatment failure,
and $38,208 for a patient without prior biologic
treatment failure (Table 2). The total annual
costs to a health plan for treatment with
ustekinumab were estimated at $54,100 for a
patient naive to prior biologic treatment,
$54,547 for a patient experienced with prior
biologic treatment (Table 1), $54,885 for a
patient with prior biologic treatment failure,
and $54,141 for a patient without prior biologic
treatment failure (Table 2). These estimated
annual health plan costs were driven mostly by
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Table 2 Key model inputs for moderate-to-severe psoriasis patients with and without prior biologic treatment failure

With biologic failure

Without biologic failure

Brodalumab Ustekinumab  Brodalumab Ustekinumab
Drug dosage for initiation and maintenance 210 mg 45/90 mg mix 210 mg 45/90 mg mix
Drug efficacy® [10]
PASI 75 (95% CI) 81.3% 54.8% 86.3% 71.3%
(742-872%)  (41.7-67.5%)  (84.1-883%)  (67.4-75.1%)
PASI 90 (95% CI) 62.7% 35.5% 70.4% 48.6%
(544-704%)  (23.7-48.7%)  (67.6-73.1%)  (44.4-52.9%)
PASI 100 (95% CI) 32.0% 11.3% 41.7% 21.1%

(24.6-40.1%)

Drug costs

Drug dispensing fee per Rx [12, 13] $3
Average patient co-pay per Rx [12, 13] $51
Drug cost without discount per patient-year $47,250
Hypothetical drug discount level 20%
Drug cost after discount per patient-year $37,800
Total patient payment per patient-year $612
Total health plan drug payment per patient-year $37,224
Annual medical cost associated with psoriasis $932
non-response (PASI < 75) [14]

Annual AE monitoring cost® [14] $278
Total annual cost per patient to health plan $38,434

(4.7-21.9%)

(38.8-44.7%)

(17.7-24.7%)

$3 $3 $3

$51 $51 $51
$65,900 $47,250 $65,900
20% 20% 20%
$52,720 $37,800 $52,720
$255 $612 $255
$52,480 $37,224 $52,480
$2127 $706 $1383
$278 $278 $278
$54,885 $38,208 $54,141

PASI Psoriasis Area and Severity Index, CI confidence interval, Rx prescription, AE adverse event

* Assessed at 12 weeks of treatment [10]

® Includes initial monitoring and monitoring every 3 months

annual drug WAC and different PASI 75
response levels achieved among different
patient populations.

Estimation of Total Annual Health Plan
Costs for Treatment with Brodalumab vs.
Ustekinumab per PASI 75, 90, and 100

On the basis of this economic model, the total
annual treatment costs of a moderate-to-severe
psoriasis patient naive to prior biologic treat-
ment were $31,106 (42% lower), $57,776 (52%
lower), and $163,069 (64% lower) lower for

treatment with brodalumab vs. ustekinumab
per PASI 75, 90, and 100, respectively (Fig. 1a).
The total annual treatment costs of a patient
experienced with prior biologic treatment were
$40,535 (46% lower), $65,472 (52% lower), and
$223,610 (70% lower) lower for treatment with
brodalumab vs. ustekinumab per PASI 75, 90,
and 100, respectively (Fig. 1b). The cost reduc-
tions associated with brodalumab vs. ustek-
inumab per PASI 75, 90, and 100 were more
substantial for a patient experienced with prior
biologic treatment vs. a patient naive to prior
biologic treatment, especially per PASI 100.
However, the magnitudes (% lower) of the cost
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Fig. 1 Total annual health plan costs per PASI 75, 90, and 100 among a biologic-naive and b biologic-experienced patients
treated with brodalumab and ustekinumab. PASI Psoriasis Area Severity Index

reductions were relatively similar for these
patient types.

The total annual treatment costs of a patient
with prior biologic treatment failure were
$52,822 (53% lower), $93,309 (60% lower), and
$365,606 (75% lower) lower for treatment with
brodalumab vs. ustekinumab per PASI 75, 90,
and 100, respectively (Fig. 2a). The total annual
treatment costs of a patient without prior bio-
logic treatment failure were $31,660 (42%
lower), $57,128 (51% lower), and $164,996
(64% lower) lower for treatment with bro-
dalumab vs. ustekinumab per PASI 75, 90, and

100, respectively (Fig. 2b). The cost reductions
associated with brodalumab vs. ustekinumab
per PASI 75, 90, and 100 were more substantial
for a patient with prior biologic treatment fail-
ure vs. a patient without prior biologic treat-
ment failure, especially per PASI 100. The
magnitude (% lower) of the cost reductions
associated with brodalumab vs. ustekinumab
treatment were also greater for a patient with
prior biologic treatment failure vs. a patient
without prior biologic treatment failure.
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Fig. 2 Total annual health plan costs per PASI 75, 90, and 100 among patients a with prior biologic failure and b without
prior biologic failure and treated with brodalumab and ustekinumab. PASI Psoriasis Area Severity Index

Sensitivity Analyses

For patients naive to and experienced with prior
biologic treatment, the univariate (Fig. 3) and
multivariable (Fig.4) sensitivity analyses
demonstrated consistent differences in annual
health plan costs per PASI 75 associated with
treatment with ustekinumab vs. brodalumab.
Variations in the PASI 75 efficacy rate of ustek-
inumab had the greatest impact on the cost per
PASI 75 differences for both a patient naive to
prior biologic treatment (+ $26,837 to
+ $36,137) and a patient experienced with prior

biologic treatment (+ $30,642 to + $54,294).
Variations in the PASI 75 efficacy rate of bro-
dalumab and drug cost discount also had rela-
tively large impacts on the cost per PASI 75
differences associated with treatment with
ustekinumab vs. brodalumab. Variations in the
other model parameters had relatively small
impacts on the cost per PASI 75 differences. The
variation in the cost per PASI 75 differences was
on a larger scale for a patient experienced with
prior biologic treatment vs. a biologic-naive
patient.
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The Monte Carlo multivariable analyses, in
which each variable of the univariate analysis
was allowed to vary simultaneously for 10,000
cycles, was used to further test the consistency
of the estimated cost differences per PASI 75 for
treatment with ustekinumab vs. brodalumab.
The mean cost per PASI 75 difference (with 95%
CI) associated with treatment with ustekinumab
vs. brodalumab for a patient naive to prior
biologic treatment was + $31,151 (+ $26,109 to
+ $36,765) and for a patient experienced with
prior biologic treatment it was + $40,880
($29,568 to + $54,154). For both biologic-naive
and biologic-experienced patients, in 100% of
the 10,000 random Monte Carlo simulation
cycles, ustekinumab displayed a higher cost per
PASI 75 vs. brodalumab (100.0% of Monte Carlo
simulation cycles had a cost difference > $0).
The mean cost per PASI difference was magni-
fied for achievement of PASI 100. In this Monte
Carlo multivariable analysis the mean cost per

ﬂ Biologic Naive: Ustekinumab vs. Brodalumab
$26,000 $30,000 $34,000 $38,000
Brodalumab PASI 75 —
Ustekinumab PASI 75
Drug Cost Discount —
Patient Co-pay "
Non-responder Medical Cost L
Brodalumab AE Monitoring Cost "
Ustekinumab AE Monitoring Cost H $31.106
l‘ Biologic Experienced: Ustekinumab vs. Brodalumab
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Ustekinumab PASI 75
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Brodalumab AE Monitoring Cost L]

Ustekinumab AE Monitoring Cost " $40,535

Fig. 3 Univariate sensitivity analysis of the differences in
total annual health plan costs per PASI 75 among
a biologic-naive and b biologic-experienced patients treated
with ustekinumab vs. brodalumab. PASI Psoriasis Area
Severity Index. PASI 75 efficacy rates were varied between
the ranges of their respective 95% confidence intervals;
incremental cost estimates were varied =+ 30%. Non-
responder medical cost: average annual total medical costs
associated with PASI < 75. AE adverse event
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Fig. 4 Multivariable sensitivity analysis of the differences
in total annual health plan costs per PASI 75 among
a biologic-naive and b biologic-experienced patients treated
with ustekinumab vs. brodalumab. PASI Psoriasis Area
Severity Index

PASI 100 difference was 4+ $164,816
(+ $121,474 to + $222,448) for a patient naive
to prior biologic treatment and for a patient
experienced with prior biologic treatment was
+ $234,694 (+ $137,411 to + $400,340). For
both biologic-naive and biologic-experienced
patients, in 100% of the 10,000 random Monte
Carlo simulation cycles, ustekinumab displayed
a higher cost per PASI 100 vs. brodalumab
(100.0% of Monte Carlo simulation cycles had a
cost difference > $0).

For patients with and without prior biologic
treatment failure, the univariate (Fig.5) and
multivariable (Fig. 6) sensitivity analyses also
demonstrated consistent differences in annual
health plan costs per PASI 75 associated with
treatment with ustekinumab vs. brodalumab.
Variations in the PASI 75 efficacy rate of ustek-
inumab had the greatest impact on the cost per
PASI 75 ditferences for both a patient with prior
biologic treatment failure (+ $33,819 to
+ $85,763) and a patient without prior biologic
treatment failure (+ $27,590 to + $36,315).
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Variations in the PASI 75 efficacy rate of bro-
dalumab and drug cost discount also had rela-
tively large impacts on the cost per PASI 75
differences associated with treatment with
ustekinumab vs. brodalumab. Variations in the
other parameters had relatively small impacts
on the cost per PASI 75 differences. The varia-
tion in the cost per PASI 75 difference was on a
larger scale for a patient with vs. without prior
biologic treatment failure.

In the Monte Carlo multivariable analyses, the
mean cost per PASI 75 difference for treatment
with ustekinumab vs. brodalumab for a patient
with prior biologic treatment failure was
+ $54,584 (+ $32,191 to + $86,558) and for
patient without prior biologic treatment failure it
was + $31,717 (+ $26,836 to + $37,070). For
both patients with and without prior biologic
treatment failure, in 100% of the 10,000 random
Monte Carlo simulation cycles, ustekinumab

a With Prior Biologic Failure: Ustekinumab vs. Brodalumab

$32,000 $50,000 $68,000 $86,000
Brodalumab PASI 75 —
Ustekinumab PASI 75
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Fig. 5 Univariate sensitivity analysis of the differences in
total annual health plan costs per PASI 75 among patients
a with prior biologic failure and b without prior biologic
failure and treated with ustekinumab vs. brodalumab.
PASI Psoriasis Area Severity Index. PASI 75 efficacy rates
were varied between the ranges of their respective 95%
confidence intervals; incremental cost estimates were
varied & 30%. Non-responder medical cost: average
annual total medical costs associated with PASI < 75.
AE adverse event
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Fig. 6 Multivariable sensitivity analysis of the differences
in total annual health plan costs per PASI 75 among
patients a with prior biologic failure and b without prior
biologic failure and treated with ustekinumab vs. bro-
dalumab. PASI Psoriasis Area Severity Index

displayed a higher cost per PASI 75 vs. brodalumab
(100.0% of Monte Carlo simulation cycles had a
cost difference > $0). The mean cost per PASI
difference was magnified per PASI 100. In this
Monte Carlo multivariable analysis the mean cost
per PASI 100 difference was + $513,666
(+ $152,129 to + $1,875,946) for a patient with
prior biologic treatment failure and for a patient
without prior biologic treatment it was
+ $166,954 (+ $126,273 to + $218,196). For
both patients with and without prior biologic
treatment failure, in 100% of the 10,000 random
Monte Carlo simulation cycles, ustekinumab dis-
played a higher cost per PASI 100 vs. brodalumab
(100.0% of Monte Carlo simulation cycles had a
cost difference > $0).

DISCUSSION

In the AMAGINE-2/-3 clinical trials, brodalumab
exhibited superior efficacy over ustekinumab for
the achievement of PASI 75, 90, and 100, regard-
less of whether moderate-to-severe psoriasis
patients were naive or experienced with biologic
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treatment or were with or without prior biologic
treatment failure [10]. When this superior efficacy
across these patient types is incorporated into a
cost-effectiveness model, as well as the much
lower WAC of brodalumab, treatment with bro-
dalumab was associated with substantially better
cost-effectiveness ratios (cost per PASI 75, 90, and
100) for patients naive to and experienced with
prior biologic treatment and for patients with and
without prior biologic treatment failure. Total
annual treatment costs for achievement of PASI
75,90, and 100 for a patient naive to prior biologic
treatment were 42%, 52%, and 64% respectively,
lower per patient treated with brodalumab com-
pared to a patient treated with ustekinumab; for a
patient experienced with prior biologic treatment
they were 46%, 52%, and 70%, respectively,
lower; for a patient with prior biologic treatment
failure they were 53%, 60%, and 75%, respec-
tively, lower; and for a patient without prior bio-
logic treatment failure they were 42%, 51%, and
64%, respectively lower. For patients who failed
prior biologic treatment (40% of patients in the
AMAGINE-2/-3 trials) brodalumab vs. ustek-
inumab demonstrated 1.5-fold better efficacy for
achievement of PASI 735, 1.8-fold better efficacy for
achievement of PASI 90, and threefold better
efficacy for achievement of PASI 100 [10]. Thus,
the cost-effectiveness of brodalumab vs. ustek-
inumab was most prominent in the dollar amount
for a patient with prior biologic treatment failure,
and especially so for achievement of PASI 100
(annual treatment cost difference $365,606). The
results of this economic analysis were robust in
that they were consistent with the default find-
ings in both univariate and multivariable sensi-
tivity analyses.

Switching biologic drugs to maintain treat-
ment response is a relatively common practice
for patients with moderate-to-severe psoriasis
and such switching can impact subsequent
biologic drug survival [15, 16]. Drug survival
refers to how long a patient continues with
therapy and may be affected by prior treat-
ments, and current treatment efficacy, safety,
tolerability, and cost, as well as patient charac-
teristics (e.g., body mass index, disease severity)
[15, 16]. On the basis of the analysis of the
AMAGINE-2/-3 clinical trials, brodalumab was
more effective than ustekinumab across

multiple types of patients with moderate-to-
severe psoriasis. Ustekinumab has better drug
survival when compared to etanercept, inflix-
imab, and adalimumab [15, 16]. Further study
in the real-world setting is needed to provide
insight into the drug survival of brodalumab vs.
ustekinumab among moderate-to-severe psori-
asis patients initiating first-, second-, and third-
line therapy. This information can then be used
to update the expected cost-effectiveness of
brodalumab in the real-world setting.

Although the development of targeted bio-
logics has provided patients with much
improved management of their moderate-to-
severe psoriasis, the substantial cost of biologics
can be prohibitive of access to them. A recent
study of a small sample of patients with psori-
asis (n = 30) between January 2011 and October
2016 who received wustekinumab therapy
reported that affordability of the biologic drug
was the major reason for choosing intermittent,
repetitive therapy [17]. Compared with contin-
uous treatment, such a pattern of non-contin-
uous biologic therapy can lead to suboptimal
patient outcomes [17, 18]. It is highly relevant
in this cost-conscious era of the US healthcare
system to have not only alternative efficacious
treatment options but also demonstrate that
they are more value-based.

When efficacy data from a large meta-anal-
ysis of multiple clinical trials are used [19],
brodalumab is less costly than several other
biologic drugs—including adalimumab, ixek-
izumab, secukinumab, and ustekinumab—for
achieving PASI 75, 90, and 100 among patients
with moderate-to-severe psoriasis [13]. The
lower WAC of brodalumab versus the other
biologics contributed to these findings [13]. The
recently released draft report by the Institute for
Clinical and Economic Review on psoriasis
treatment states that, of the 11 evaluated drugs
for psoriasis treatment, brodalumab is at the
lower (more favorable) end of the value spec-
trum [20]. Furthermore, the draft report con-
cludes that on the basis of their model, initial
treatments with apremilast, infliximab, cer-
tolizumab, and brodalumab have similar cost-
effectiveness compared to non-targeted treat-
ment, with brodalumab having the greatest
effectiveness [20]. Herein, we further show that
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on the basis of clinical trial efficacy data, bro-
dalumab is expected to have greater cost-effec-
tiveness than ustekinumab across a diverse
population of patient types. Although further
studies of the efficacy of brodalumab and its
drug survival in the real-world setting are war-
ranted, the results of our study may be useful to
stakeholders involved in the treatment deci-
sion-making processes for patients with mod-
erate-to-severe psoriasis.

Limitations

PASI efficacy rates were derived from clinical
trial data [10]. Although they were based on
direct comparison trials, the efficacy rates may
be different in real-world settings. Also, the PASI
efficacy rates were based on the treatment time
frame of 12 weeks and peak efficacy of bro-
dalumab and ustekinumab may differ with
longer time frames, especially in the real-world
setting. Thus, further study of the efficacy rates
of brodalumab and ustekinumab with longer
time frames in the real-world setting and fol-
low-up cost analyses are warranted. Other
patient outcomes, such as health-related quality
of life, long-term cost of adverse events, and
potential impact of biologics on the cost of
comorbidities of patients with psoriasis were
not included in the model and further study is
warranted. The average annual total medical
costs and AE monitoring costs associated with a
non-response to biologic treatment (PASI < 75)
were derived from Strand et al. and whether the
estimated higher costs for a non-responder in
this study are representative of that of moder-
ate-to-severe psoriasis patients treated with
brodalumab and ustekinumab in the real-world
setting may require further evaluation. How-
ever, when these cost parameters were varied in
the sensitivity analyses we conducted, we did
not find major impacts on the estimated cost-
effectiveness ratios. Dose escalation, which may
be required for patients with moderate-to-severe
psoriasis who fail to respond to ustekinumab,
was not incorporated into the model and
treatment costs for these patients may be much
higher than the estimated costs for other
patient types. In the prescribing information for

brodalumab, dose escalation is not recom-
mended. We used a hypothetical 20% drug
discount for both brodalumab and ustekinumab
for a balanced comparison in this regard. This
discount and other offered rebates are generally
considered proprietary information and may
differ in individual health plans. Also, the con-
tracting discount in the current economic
model only considered the potential impact of
such discount levels on the indication analyzed
in the model, moderate-to-severe psoriasis, and
was not applied to any other indications.
However, this 20% discount is a commonly
used assumption in other similar economic
models [13, 21]. Additionally, we have further
varied the drug price by + 30% range in the
one-way sensitivity analyses and the Monte-
Carlo sensitivity analyses, both of which
showed that brodalumab is more cost-effective
than ustekinumab when the final drug prices
may vary. Lastly, the results of this economic
analysis are reflective of biologic drug costs to
US commercial payers and may not generalize
to other health plan types, such as Medicare or
Medicaid.

CONCLUSIONS

Compared to ustekinumab, treatment with
brodalumab was associated with better cost-ef-
fectiveness ratios for patients naive and experi-
enced with biologic treatment and also patients
with and without prior biologic treatment fail-
ure. The greater cost-effectiveness of bro-
dalumab was most prominent for biologic-
experienced and prior biologic treatment failure
patients. The expected value of brodalumab
estimated in this economic analysis may be
useful for the stakeholders involved in the
treatment decision-making processes for
patients with moderate-to-severe psoriasis.
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