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ABSTRACT

BACKGROUND: Ankylosing spondylitis (AS) is a form of rheumatic disease
caused by chronic inflammation of the axial skeleton. Patients with AS
experience significant functional limitations and reduced quality of life.
Consequently, AS imposes a substantial economic burden on society due
to productivity loss and work disability. Biologics, including tumor necrosis
factor (TNF) inhibitors and human anti-interleukin-17A monoclonal antibody
(IL-17A) agents, are effective treatment strategies in relieving symptoms
and slowing down disease progression. Currently, 5 TNF inhibitors and

2 IL-17A antibody agents are approved by the FDA for the management

of AS. Of these agents, there is no clear preferred agent in initial biologic
therapy, although an IL-17A antibody agent or alternative TNF inhibitor
agent is recommended after failure of the initial TNF inhibitor therapy.

OBJECTIVE: To assess cost-effectiveness of treatment strategies with
biologics, TNF inhibitor or IL-17A, in accordance with the treatment
guidelines for patients with AS.

METHODS: An economic patient-level simulation combining decision-tree
and Markov models was constructed from the U.S. health care payer’s
perspective over a 10-year time horizon. The current model examined

5 treatment strategies: (1) conventional care treatment with nonsteroidal
anti-inflammatory drugs, (2) 1 TNF inhibitor, (3) an IL-17A antibody agent,
(4) sequential therapy with 2 TNF inhibitors, and (5) sequential therapy with
a TNF inhibitor followed by an IL-17A antibody agent. Initially, treatment
responses were determined after 12-week treatments. Patients who
responded to treatment entered a “responders” Markov model. Patients
entered a “nonresponders” Markov model if they inadequately responded
to treatment. In sequential treatment strategies, patients who inadequately
responded to treatment with the first TNF inhibitor received a second

TNF inhibitor or an IL-17A antibody agent. Health utility was estimated
based on the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
and Functional Index (BASFI) scores. The models accounted for real-world
adherence to TNF inhibitor treatment. Scenario and probabilistic sensitivity
analyses were performed to test the robustness and uncertainty of the
model results.

RESULTS: Over a 10-year time horizon and 100,000 simulated patients

for each treatment strategy, base-case results produced average total
discounted per-patient costs of $19,765, $130,302, $159,934, $190,553,
and $179,118 and quality-adjusted life-years (QALYs) of 4.675, 5.410,
5.499, 5.919, and 5.893 for conventional care, treatment strategies with

1 TNF inhibitor, an IL-17A, 2 TNF inhibitors, and a TNF inhibitor followed by
an IL-17A, respectively. The optimal treatments at willingness-to-pay (WTP)
thresholds <$130,813 per QALY, between $130,813 per QALY and $442,728
per QALY, and >$442,728 per QALY were conventional care and sequential
treatment strategies with 1 TNF inhibitor, followed by an IL-17A agent and
2 TNF inhibitors, respectively.
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CONCLUSIONS: Study findings suggested that all treatment strategies
with biologics, TNF inhibitors or IL-17A antibody agents, in the treatment
guidelines for AS were not cost-effective at the common WTP of $100,000
per QALY. However, the sequential treatment with 1 TNF inhibitor followed
by an IL-17A antibody agent was considered cost-effective at a higher WTP
of $150,000 per QALY.
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What is already known about this subject

* Biologics, such as tumor necrosis factor (TNF) inhibitors, a class
of biologic disease-modifying antirheumatic drugs, and human
anti-interleukin-17A monoclonal antibody (IL-17A), are an effec-
tive treatment strategy in relieving symptoms and slowing down
disease progression in ankylosing spondylitis (AS).

Treatment guidelines indicate no preference among 5 FDA-
approved TNF inhibitors and 2 IL-17A antibody agents for
management of AS.

An IL-17A agent or an alternative TNF inhibitor is recommended
after failure of the initial TNF inhibitor therapy as a sequential
therapy.

What this study adds

¢ This is the first economic evaluation study that examines the

cost-effectiveness of treatment strategies with biologics according
to the treatment guidelines for patients with AS from the U.S.
health care payer’s perspective.

This study suggests that all treatment strategies with biologics,
TNF inhibitors or IL-17A agents, in the treatment guidelines for
AS were not cost-effective at the common willingness-to-pay
(WTP) threshold of $100,000 per quality-adjusted life-years
(QALY); however, the sequential treatment strategy with 1 TNF
inhibitor followed by an IL-17A agent was considered cost-
effective at a higher WTP of $150,000 per QALY.

nkylosing spondylitis (AS) is a form of rheumatic
disease caused by chronic inflammation of the axial
skeleton involving the sacroiliac joints and spine.! A
recent study reported an increase in the prevalence of AS from
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0.04% to 0.09% of the U.S. population from 2006 to 2016, with
a larger proportion of males affected compared with females.?
Patients with AS often experience symptoms such as aches,
stiffness, and pains in the lower back and hips beginning from
early adulthood; as a result, they endure significant functional
limitations and reduced quality of life.” Furthermore, AS
imposes a substantial economic burden on society with
considerable productivity loss due to sick leave and work
disability.” Before the introduction of tumor necrosis factor
(INF) inhibitors, the cost of AS was primarily driven by the
cost of the disease and its consequences on productivity loss.?
As TNF inhibitors and human anti-interleukin-17A monoclonal
antibodies (IL-17A) were shown to be an effective treatment
strategy and incorporated in the management of AS, the overall
direct costs associated with treatment of AS increased substan-
tially.° In 2012, the total U.S. direct costs of AS were estimated
at about $6,514 and $11,162 for medical costs and prescription
drug costs per patient per year, respectively.®

To date, no treatment is available to reverse the structural
damage caused by AS. Current therapy options focus on relief
of AS symptoms associated with destructive joint inflamma-
tion.” The Spondyloarthritis Research and Treatment Network,
American College of Rheumatology, Spondylitis Association
of America, Assessment of Spondyloarthritis International
Society, and European League Against Rheumatism recom-
mend nonsteroidal anti-inflammatory drugs (NSAIDs) as the
first-line therapy (i.e., conventional care) in the management
of AS® For those who fail to respond or develop adverse
reactions to NSAID therapy, TNF inhibitors, a class of biologic
disease-modifying antirheumatic drugs, or an IL-17A antibody
agent is considered an effective treatment strategy in relieving
symptoms and slowing down disease progression .5

Currently, 5 TNF inhibitors—golimumab (approved
in 2009), certolizumab pegol (2008), adalimumab (2002),
etanercept (1998), and infliximab (1998)—in addition to
2 IL-17A antibody agents—secukinumab (2016) and ixeki-
zumab (2019)—are approved by the U.S. Food and Drug
Administration for the management of AS. Of these, there is
no clear preference in initial TNF inhibitor or IL-17A therapy;
although, an IL-17A or alternative TNF inhibitor agent is
recommended after failure of the initial TNF inhibitor therapy
as sequential therapy.®

Despite their potential benefits in delaying disease progres-
sion and improving patient quality of life, the high treatment
cost of TNF inhibitors and IL-17A antibody agents in the
management of AS warrants an economic evaluation."" Recent
meta-analysis studies and clinical trials showed that patients
treated with a TNF inhibitor or an IL-17A antibody were 2-4
times more likely to achieve treatment response compared with
conventional care.*"’

In addition, whether sequential treatment with 2 TNF
inhibitors or 1 TNF inhibitor followed by an IL-17A antibody
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agent provides better value in health care compared with
transitioning back to conventional care remains to be seen.
Furthermore, to the best of our knowledge, no studies have
been conducted to evaluate the cost-effectiveness of sequential
treatment strategies after failing to achieve an adequate
response to an initial TNF inhibitor as recommended by the
current treatment guidelines for patients with AS.

To facilitate health care decision making for the use of an
IL-17A antibody agent or TNF inhibitor in further-line therapy,
the purpose of this study was to evaluate the cost-effectiveness
of treatment strategies with biologics in accordance with the
treatment guidelines for patients with AS.

I Methods

Modeling Approach

A patient-level modeling approach that combined decision-
tree and Markov models was developed using Visual Basic
for Application programming with Microsoft Excel front end
(Microsoft, Redmond, WA) to evaluate the cost-effectiveness
of treatment strategies in accordance with the treatment
guidelines for patients with AS. The current model examined
5 treatment strategies®: (1) conventional care (treatment with
NSAIDs); (2) 1 TNF inhibitor (treatment with 1 of the 5
approved TNF inhibitors: adalimumab, certolizumab pegol,
etanercept, golimumab, or infliximab); (3) an IL-17A antibody
agent (either secukinumab or ixekizumab); (4) sequential
therapy with 2 TNF inhibitors (1 TNF inhibitor followed by an
alternative TNF inhibitor); and (5) sequential therapy with a
TNF inhibitor followed by an IL-17A antibody agent.

Initially, treatment responses were generated at the end of
a 12-week treatment based on recent meta-analyses of TNF
inhibitors and related clinical trials of IL-17A antibody agents
for treatment of AS (Figure 1).!#'7 Patients who responded
to treatment would enter a “responders” Markov model with
3 health states (Appendix A, available in online article), while
those who did not respond to treatment entered a “nonre-
sponders” Markov model with 2 health states (Appendix B,
available in online article). In the responders Markov model,
patients would continue to receive active treatment (“contin-
ued treatment” health state), drop out from active treatment
and enter the nonresponders Markov model (“withdrawn
treatment” health state), or die (“death” health state) based
on their respective age and standardized mortality ratio for
AS (Appendix A). On the other hand, patients would receive
conventional care and assume further functional deterioration
until death or the end of model time horizon if entering the
nonresponders Markov model (Appendix B).

In sequential treatment strategies, patients who inadequately
responded to treatment with the first TNF inhibitor received a
second TNF inhibitor or an IL-17A antibody agent. Treatment
response was then reassessed at 12 weeks to determine
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Structure of Hybrid Model for Treatment of AS for Conventional Care with NSAIDs, 1 TNF Inhibitor,
an IL-17A Antibody Agent, Sequential Treatment Strategy with 2 TNF Inhibitors, and Sequential
Treatment Strategy with a TNF Inhibitor followed by an IL-17A Antibody Agent
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AS =ankylosing spondylitis; BASDAI=Bath Ankylosing Spondylitis Disease Activity Index; BASFI=Bath Ankylosing Spondylitis Functional Index; NSAID =nonsteroidal
anti-inflammatory drug; TNF = tumor necrosis factor.

whether a patient would enter a responders or nonresponders
Markov model. The cycle length of the Markov models was
set at 1 year. The model was analyzed from a U.S. health care
payer’s perspective in a 10-year time horizon with a discount

rate of 3% for both costs and outcomes.
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for modeling verification and validation.

In addition, as each patient was simulated in our model,
his or her demographic and clinical characteristics, treatment
and overall costs, and life-years and quality-adjusted life-years
(QALYs) were reported and printed out in an Excel spreadsheet
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Indexes for Measuring Disease Activity and Physical Functioning
Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
and Bath Ankylosing Spondylitis Functional Index (BASFI) are
used to measure patient-reported disease activity and physical
functioning in patients with AS, respectively.'s"

BASDAL consists of 6 questions from a scale of 0 to 10, with
0 being “no problem” and 10 being “the worst problem” to
assess major symptoms of AS, including fatigue, spinal pain,
joint pain/swelling, areas of localized tenderness, morning
stiffness duration, and morning stiffness severity.?*** The
resulting BASDALI scores range from 0 (no disease activity) to
10 (maximal disease activity), in which the cutoff score of 4 is
used to define active disease.?"?

BASFI assesses a patient’s physical functioning in terms of
how difficult a physical task is done on a 10-point scale where
0 is “easy” and 10 is “impossible.” The 10 physical tasks in
BASFI include 8 items concerning the functional anatomy of
a patient (bending, reaching, changing position, standing,
turning, and climbing steps) and 2 items that assess a patient’s
ability to cope with everyday life.?> The resulting BASFI scores
range from O (no functional impairments) to 10 (maximal
impairments).

Patient Population

The population of patients with AS was based on a recent
meta-analysis that included 16 randomized controlled trials
for TNF inhibitors.'*#*3? Patient baseline characteristics from
the clinical trials of IL-17A antibody agents were similar. Thus,
we assumed that the average patient with AS in the model
was a 40-year-old man (70% male) with a weight of 73 kg
and baseline clinical characteristics reported in Table 1. The
meta-analysis reported that the adjusted baseline BASDAI and
BASFI scores were different (a) between patients who received
conventional care and those who received TNF inhibitors and
(b) between patients who responded to treatment and those
who did not respond to treatment (Table 1).°

Treatment Efficacy and Real-World Adherence Rate

Treatment efficacy of biologics and conventional care in terms
of overall clinical response rate was defined as 50% improve-
ment in BASDAI scores (BASDAI-50), as well as reduction in
BASDALI and BASFI scores at 12 weeks after initial treatment
(Table 1). The overall clinical response rates at 12 weeks based
on evidence synthesis of the 16 clinical trials were 9.1% and
42.0% for conventional care and treatment with a TNF inhibi-
tor, respectively."® Similarly, the overall clinical response rates
for IL-17A antibody agents were 41.5% and 19.7% for TNF
inhibitor-naive patients (i.e., patients without previous treat-
ment with a TNF inhibitor) and TNF inhibitor-experienced
patients, respectively.'>*® Additionally, in sequential treatment
strategies with 2 TNF inhibitors and 1 TNF inhibitor followed
by an IL-17A antibody agent, the overall clinical response
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rates, as well as improvement in BASDAI and BASFI scores,
were reduced when the second alternative TNF inhibitor or an
IL-17A antibody agent was given (Table 1).!>1>#

Patients who responded to treatment would experience an
initial improvement in BASDAI and BASFI scores (Table 1).
Following this initial improvement, all patients would experi-
ence disease progression as a reduction in BASFI scores at an
annual rate of 0.082.7 It was also assumed that patients who
continue to receive a TNF inhibitor or IL-17A antibody agent
would start to experience a slower disease progression rate in
BASFI compared with those who receive conventional care
(measured as relative risks of 0.42 and 0.153 for TNF inhibitors
and IL-17A antibody agents, respectively) at 4 years and beyond
after initial treatment response (i.e., time to treatment effect
was assumed to be 4 years) based on the evidence synthesis
(Table 1).13:363740

Treatment withdrawal/discontinuation with biologics in AS
was also common. For patients who discontinued or withdrew
their treatment with a biologic, it was assumed that the
BASDALI and BASFI scores would revert to baseline measures.”
Furthermore, average real-world adherence rates for TNF
inhibitors, IL-17A antibody agents, and conventional care
(56.0%, 4.5%, and 79.5%, respectively*”*) were incorporated
in the model. Treatment costs and effectiveness were adjusted
for real-world nonadherence to the treatment strategies.**

Costs and Health Utilities

The average 12-week and annual treatment costs of all TNF
inhibitors (adalimumab, certolizumab pegol, etanercept, golim-
umab, or infliximab), 2 IL-17A antibody agents (secukinumab
and ixekizumab), and conventional care with NSAIDs were
estimated based on their drug costs using the 2019 wholesale
acquisition costs,” potential major treatment-related adverse
events, and related drug administration and laboratory costs
(Table 1). All costs were adjusted to 2019 U.S. dollars based
on the medical care component of the Consumer Price Index.

Health Utilities

Health utility was estimated based on BASDAI and BASFI
scores, as well as age and gender generated for each individual
patient using the following equation'?:

Health Utility =0.877213 - (0.032252) x BASFI Score)
- (0.038409) x (BASDAI Score) — (0.027891) x (MALE) +
0.001681) x (AGE)

Health utility for individual patients was updated as the
disease progressed in terms of patient age and BASDAI and
BASFI scores.

Base-Case Analysis

The base-case time horizon was set at 10 years and simulated
100,000 individual patients for each treatment strategy to
estimate the average 10-year per-patient cost and QALYs. The
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Model Input Parameters for Natural History and Treatment Effects: Base-Case, Lower, and Upper
Values and Distributions for Probabilistic Sensitivity Analysis

Base-Case Lower Upper
Model Input Parameters Value Value Value Distribution References
Model settings
Time horizon 10 years N/A N/A N/A
Discount rate for costs 3.0% N/A N/A N/A
Discount rate for QALYs 3.0% N/A N/A N/A
Markov cycle 1.0 year N/A N/A N/A
Time to assess treatment response 12 weeks N/A N/A N/A 13
Adherence rate for TNF inhibitor class 36.5% 274% 41.8% Beta 41
Adherence rate for IL-17A class 64.5% 58.3% 70.5% Beta 12
Adherence rate for conventional care 79.5% 63.6% 95.4% Beta 43
Disease progression
Standardized mortality rate for men with AS 1.63 0.06 042 Log-normal 60
Standardized mortality rate for women with AS 1.38 0.41 0.98 Log-normal 60
Treatment effect on BASFI progression of TNF inhibitor class (relative risk) 0.42 0.25 0.70 Log-normal 13
Treatment effect on BASFI progression of IL-17A class (relative risk) 0.153 N/A N/A N/A 15, 40
Annual progression rate (BASFI) for conventional care 0.082 N/A N/A N/A 13
Annual treatment withdrawal rate for biologics 11.0% 6.7% 15.3% Beta 13
Time to treatment effect of biologics on disease progression (in years) 4.00 N/A N/A N/A
Patient baseline characteristics
Mean age 40.0 years | 30.0 years | 50.0 years Normal 13
Gender (% male) 70.0% N/A N/A N/A 13
Mean weight 85.0 kg 70.0 kg 100.0 kg Normal 61
Mean BASDAI 6.12 N/A N/A Correlated normal 13
Mean BASFI 5.28 N/A N/A Correlated normal 13
Mean BASDALI for responders in conventional care 4.01 3.89 4.13 Correlated normal 13
Mean BASDALI for nonresponders in conventional care 6.33 6.21 6.45 Correlated normal 13
Mean BASDALI for responders in TNF inhibitor class 4.80 4.68 4.92 Correlated normal 13
Mean BASDALI for nonresponders in TNF inhibitor class 7.08 6.96 7.20 Correlated normal 13
Mean BASDALI for responders in IL-17A class for naive TNF inhibitor 4.80 4.68 4.92 Correlated normal 13
Mean BASDALI for nonresponders in IL-17A class for naive TNF inhibitor 7.08 6.96 7.20 Correlated normal 13
Mean BASFI for responders in conventional care 3.52 3.35 3.69 Correlated normal 13
Mean BASFI for nonresponders in conventional care 546 5.29 5.63 Correlated normal 13
Mean BASFTI for responders in TNF inhibitor class 4.20 4.03 4.37 Correlated normal 13
Mean BASFI for nonresponders in TNF inhibitor class 6.07 5.90 6.24 Correlated normal 13
Mean BASFI for responders in IL-17A class for naive TNF inhibitor 4.20 4.03 4.37 Correlated normal 13
Mean BASFI for nonresponders in IL-17A class for naive TNF inhibitor 6.07 5.90 6.24 Correlated normal 13
Treatment effects of conventional care after 12 weeks
Opverall response rate (BASDAI-50) 9.1% 7.3% 10.9% Beta 13
Mean change in BASDAI for responders -2.89 -2.31 347 Correlated normal 13
Mean change in BASDAI for nonresponders -0.36 -0.29 -0.43 Correlated normal 13
Mean change in BASFI for responders -1.72 -1.38 -2.06 Correlated normal 13
Mean change in BASFI for nonresponders -0.04 -0.03 -0.05 Correlated normal 13
Treatment effects of TNF inhibitor class after 12 weeks
Opverall response rate (BASDAI-50) 42.0% 33.6% 50.4% Beta 13
Reduced factor in response rate after failing to respond to a TNF inhibitor 0.90 N/A N/A N/A 13
Mean change in BASDAI for responders -3.86 -3.09 -4.63 Correlated normal 13
Mean change in BASDALI for nonresponders -1.64 -1.31 -1.97 Correlated normal 13
Mean change in BASFI for responders -3.08 -246 -3.70 Correlated normal 13
Mean change in BASFI for nonresponders -0.44 -0.35 -0.53 Correlated normal 13
Treatment effects of IL-17A class after 12 weeks
Overall response rate (BASDAI-50) in naive TNF inhibitor 41.5% 33.6% 50.4% Beta 15, 40
Mean change in BASDALI for responders in naive TNF inhibitor -4.60 -2.98 -6.22 Correlated normal 15, 40
Mean change in BASDAI for nonresponders in naive TNF inhibitor -1.01 -0.65 -1.36 Correlated normal 15, 40

continued on next page
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Model Input Parameters for Natural History and Treatment Effects: Base-Case, Lower, and Upper
Values and Distributions for Probabilistic Sensitivity Analysis (continued)

Base-Case Lower Upper
Model Input Parameters Value Value Value Distribution References
Treatment effects of IL-17A class after 12 weeks
Mean change in BASFI for responders in naive TNF inhibitor -3.75 -2.29 -5.20 Correlated normal 15, 40
Mean change in BASFI for nonresponders in naive TNF inhibitor -1.17 -0.72 -1.63 Correlated normal 15, 40
Opverall response rate (BASDAI-50) in experienced TNF inhibitor 19.7% 11.5% 31.5% Beta 15, 40
Mean change in BASDALI for responders in experienced TNF inhibitor -4.98 -4.00 -5.96 Correlated normal 15, 40
Mean change in BASDAI for nonresponders in experienced TNF inhibitor -0.94 -0.50 -1.39 Correlated normal 15, 40
Mean change in BASFI for responders in experienced TNF inhibitor -3.79 -2.31 -5.27 Correlated normal 15, 40
Mean change in BASFI for nonresponders in experienced TNF inhibitor -0.73 -0.27 -1.18 Correlated normal 15, 40
Treatment-related health care utilization and costs
Percent of gastrointestinal ulcers/bleeding in conventional care with NSAIDs 1.9% 1.2% 2.5% Beta 65
Percent of serious infection in TNF inhibitors 3.5% N/A N/A N/A 13
Percent of tuberculosis reactivation in TNF inhibitors 2.0% N/A N/A N/A 13
Percent of serious infection and tuberculosis reactivation in IL-17A 0.8% 0.4% 1.2% N/A 13-17, 40
i]\éi?%es cost of gastrointestinal ulcers/bleeding from conventional care with $5.150 N/A N/A N/A 66
Average cost of serious infection from biologics $19,072 N/A N/A N/A 62
Average cost of tuberculosis treatment $19,000 N/A N/A N/A 63
Cost of tuberculosis screening $8.25 N/A N/A N/A 64
Cost of antinuclear antibodies $86 N/A N/A N/A 64
Cost of double stranded DNA $124 N/A N/A N/A 64
Cost of lab monitoring (CBC, ESR, LFT, CRP) $187 N/A N/A N/A 64
Cost of chest x-ray $23 N/A N/A N/A 64
Cost of physician office visit $110 N/A N/A N/A 64
Adalimumab (40 mg/0.8 mL x 2 prefilled syringes) $5,174 N/A N/A N/A 45
Certolizumab (200 mg/1mL) $4,327 N/A N/A N/A 45
Etanercept (50 mg/1mL) $1,294 N/A N/A N/A 45
Golimumab (50 mg/0.5mL) $4,809 N/A N/A N/A 45
Infliximab (100 mg) $1,168 N/A N/A N/A 45
Secukinumab (150 mg/1mL) $5,541 N/A N/A N/A 45
Ixekizumab (80 mg/ImL) $5,690 N/A N/A N/A 45
Overall treatment cost
Average TNF inhibitor (12-week cost) $21,913 $17,164 $36,261 Log-normal 45, 64
Average IL-17A antibody (12-week cost) $34,366 $27493 $41,240 Log-normal 45, 64
Conventional care (12-week cost) $743 $595 $892 Log-normal 45, 64
Average TNF inhibitor (annual cost) $70,864 $56,692 $85,037 Log-normal 45, 64
Average IL-17A antibody (annual cost) $73,004 $58,403 $87,605 Log-normal 45, 64
Conventional care (annual cost) $2,130 $1,704 $2.,556 Log-normal 45, 64

Notes: All drug costs were based on 2019 wholesale acquisition cost from the online RED BOOK.# All other costs were adjusted to 2019 U.S. dollars based on the

Consumer Price Index.

AS =ankylosing spondylitis; BASDAI=Bath Ankylosing Spondylitis Disease Activity Index; BASFI=Bath Ankylosing Spondylitis Functional Index; IL-17A = interleukin-17A
monoclonal antibody; N/A =not applicable; NSAID = nonsteroidal anti-inflammatory drug; QALY = quality-adjusted life-year; TNF = tumor necrosis factor.

incremental cost-effectiveness ratio (ICER) was calculated
as the ratio of the incremental difference in the average per-
patient costs (ACOST) to the incremental QALYs (AQALY)
between treatment strategies A and B, defined as:

ICER=ACOST + AQALY = (COSTA - COSTB) +
(QALYA - QALYB)

1224 Journal of Managed Care & Specialty Pharmacy JMCP October 2020

The resulting ICER, therefore, can be interpreted as the
average cost per 1 QALY gained if using treatment strategy A
instead of treatment strategy B over the 10-year time horizon.
Furthermore, cost-effectiveness frontier analysis was per-
formed to determine optimal treatment strategy at different

willingness-to-pay (WTP) thresholds.
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Resulting Total Costs, QALYs, and ICERs for the Base-Case and Sensitivity Analyses with

Similar Adherence Rate (56%) for TNF Inhibitors and IL-17A Antibody Agents, High Treatment
Discontinuation/Withdrawal Rate (30%) for TNF Inhibitors and IL-17A Antibody Agents, Using
Baseline BASDAI and BASFI Scores from the Clinical Trials of IL-17A Antibody Agents, Immediate
Treatment Effect on BASFI, and Alternate Health Utility Estimating Equation

Treatment Strategy ‘ Total Cost ‘ Incremental Cost Total QALY Incremental QALY ICER

Base case

Conventional care $19,765 - 4.675 - Reference

1 TNF inhibitor $130,302 $110,537 5.410 0.735 $150,397/QALY

1 IL-17A antibody agent $159,934 $139,169 5.499 0.825 $168,755/QALY

TNF inhibitor followed by IL-17A $179,118 $159,353 5.893 1.352 $130,813/QALY

2 TNF inhibitors $190,553 $170,788 5919 1.379 $137,289/QALY
Similar adherence rate (56%) for TNF inhibitors and IL-17A antibody agents

Conventional care $19,765 - 4.675 - Reference

1 TNF inhibitor $130,302 $110,537 5.410 0.735 $150,397/QALY

1 IL-17A antibody agent $145,046 $125,281 5473 0.789 $157,035/QALY

TNF inhibitor followed by IL-17A $175,380 $155,615 5.885 1.210 $128,601/QALY

2 TNF inhibitors $190,553 $170,788 5919 1.244 $137,289/QALY
High annual treatment discontinuation/withdrawal rate (30%)

Conventional care $19,871 - 4.646 - Reference

1 TNF inhibitor $89,327 $69,617 5.182 0.536 $129,527/QALY

1 IL-17A antibody agent $110,834 $90,963 5.228 0.582 $156,311/QALY

TNF inhibitor followed by IL-17A $125,175 $105,304 5.561 0.916 $115,008/QALY

2 TNF inhibitors $128,059 $108,188 5.549 0.904 $119,740/QALY
Using baseline BASDAI and BASFI scores from clinical trials of IL-17A

Conventional care $19,765 - 4.136 - Reference

1 TNF inhibitor $130,302 $110,537 4.936 0.800 $138,452/QALY

1 IL-17A antibody agent $159,934 $139,169 5.029 0.893 $155,807/QALY

TNF inhibitor followed by IL-17A $179,118 $159,353 5.416 1.280 $124461/QALY

2 TNF inhibitors $190,553 $170,788 5442 1.306 $130,771/QALY
Immediate treatment effect on BASFI measure

Conventional care $19,765 - 4.675 - Reference

1 TNF inhibitor $130,302 $110,537 5.420 0.746 $148,232/QALY

1 IL-17A antibody agent $159,934 $139,169 5.515 0.840 $165,620/QALY

TNF inhibitor followed by IL-17A $179,118 $159,353 5913 1.238 $128,702/QALY

2 TNF inhibitors $190,553 $170,788 5.935 1.260 $135,495/QALY
Alternate health utility estimating equation

Conventional care $19,765 - 4.025 - Reference

1 TNF inhibitor $130,302 $110,537 4.866 0.841 $131,508/QALY

1 IL-17A antibody agent $159,934 $139,169 5.007 0.982 $141,754/QALY

TNF inhibitor followed by IL-17A $179,118 $159,353 5402 1.377 $115,717/QALY

2 TNF inhibitors $190,553 $170,788 5418 1.393 $122 623/QALY

BASDATI =Bath Ankylosing Spondylitis Disease Activity Index; BASFI=Bath Ankylosing Spondylitis Functional Index; ICER=incremental cost-effectiveness ratio;
IL-17A =interleukin-17a monoclonal antibody; QALY = quality-adjusted life-year; TNF = tumor necrosis factor;

Sensitivity Analysis

Probabilistic sensitivity analysis (PSA) was performed by gen-
erating 10,000 samples of model probabilistic parameters, and
within each sample, 10,000 patients were simulated (i.e., the
model ran 100,000,000 simulations for each treatment strategy).
The probabilistic parameters were created by varying (a) the
overall clinical response rates at 12-week treatment, baseline
as well as mean changes in BASDAI and BASFI measures
of responders and nonresponders for TNF inhibitor, IL-17A

www.jmep.org  Vol. 26, No. 10

antibody agent, and conventional care with NSAIDs, treatment
effect on BASFI progression of biologics, annual progression
rate of conventional care on BASFI, annual withdrawal rate of
biologics, real-world adherence rates, and standardized mortal-
ity rates within their 95% confidence intervals in the assumed
normal, correlated normal, log-normal, or beta distribution and
(b) overall average treatment costs within £20% of their mean

(base-case) values in the log-normal distribution (Table 1).
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Cost-Effectiveness Acceptability Curves for Conventional Care with NSAIDs, 1 TNF Inhibitor,
an IL-17A Antibody Agent, Sequential Treatment Strategy with 2 TNF Inhibitors, and Sequential
Treatment Strategy with a TNF Inhibitor Followed by an IL-17A Antibody Agent
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CC=conventional care; IL-17A = interleukin-17a monoclonal antibody; NSAID =nonsteroidal anti-inflammatory drug; QALY = quality-adjusted life-year; TNF = tumor

necrosis factor.

In addition, we explored several scenarios where time to
treatment effect on BASFI scores occurs immediately after
initiating treatment instead of 4 years after, similar real-world
adherence rate for all TNF inhibitors and IL-17A antibody
agents, baseline BASDAI and BASFI scores from clinical trials
for IL-17A antibody agent (secukinumab),>#° high percentage
of treatment discontinuation/withdrawal with biologics, and
an alternate health utility estimated equation*®:

Health Utility = 0.923 - (0.0432) x (BASFI Score)
- (0.0402) x (BASDAI Score)

With multiple treatment strategies, cost-effectiveness fron-
tier analysis was performed to identify the optimal strategy at
different WTP thresholds."
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I Results

Base-Case Cost-Effectiveness Analysis Results

Over a 10-year time horizon and 100,000 simulated patients
for each treatment strategy, base-case results produced aver-
age total discounted per-patient costs of $19,765, $130,302,
$159,934, $190,553, and $179,118 and QALYs per patient of
4.675, 5410, 5499, 5919, and 5.893 for conventional care,
treatment strategies with 1 TNF inhibitor, an IL-17A agent,
2 TNF inhibitors, and a TNF inhibitor followed by an IL-17A
agent, respectively (Table 2). Compared with conventional
care, the treatment strategies with 1 TNF inhibitor, an IL-17A
agent, 2 TNF inhibitors, and a TNF inhibitor followed by an
IL-17A agent yielded ICERs of $150,397, $168,755, $137,2809,
and $130,813 per 1 additional QALY gained, respectively.
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Probabilistic Sensitivity Analysis:
Cost-Effectiveness Scatter Plot
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CC=conventional care; IL-17A = interleukin-17a monoclonal antibody;
NSAID =nonsteroidal anti-inflammatory drug; QALY = quality-adjusted life-year;
TNF = tumor necrosis factor.

In addition, cost-effectiveness frontier analysis showed that
optimal treatments at WTP thresholds <$130,813 per QALY,
between $130,813 per QALY and $442,728 per QALY, and
>$442,728 per QALY were conventional care, sequential treat-
ment strategies with 1 TNF inhibitor followed by an IL-17A
agent, and 2 TNF inhibitors, respectively.

Sensitivity Analysis Results

Cost-effectiveness acceptability curves indicated that at the
WTP threshold of $100,000 per QALY, conventional care
was the most cost-effective strategy among all treatment
strategies with 95% certainty (Figure 2). In addition, the cost-
effectiveness scatterplot showed that all treatment strategies
with 1 TNF inhibitor, an IL-17A agent, 2 TNF inhibitors, and
a TNF inhibitor followed by an IL-17A agent clearly yielded
more QALYs but was more costly than conventional care
(Figure 3). All 5 scenario analyses of time to treatment effect
on BASFI scores occur immediately after initiating treatment
instead of 4 years after, similar real-world adherence rate (56%)
for all TNF inhibitors and IL-17A antibody agents, baseline
BASDAI and BASFI scores from clinical trials for IL-17A
antibody agents, high percentage of treatment discontinuation/
withdrawal (30%) with biologics, and an alternate health utility
estimated equation yielded very close results, where optimal

www.jmcp.org  Vol. 26, No. 10

treatment strategy was the sequential treatment strategy with
1 TNF inhibitor followed by an IL-17A antibody agent at the
WTP thresholds above $128,702 per QALY (Table 2). Below
these WTP thresholds, conventional care therapy was the
optimal treatment strategy.

W Discussion

Previous cost-effectiveness studies in AS have typically been
comparisons among TNF inhibitors,**# individual TNF inhib-
itors compared with conventional care with NSAIDs,>!3#6:48-54
or more recently with IL-17A antibody agents.**>>>° This
economic analysis was the first study to investigate the cost-
effectiveness of treatment strategies in accordance with the
current treatment guidelines for AS, specifically the sequential
use of 2 TNF inhibitors and a TNF inhibitor followed by an
IL-17A antibody agent. Our analysis showed that all treatment
strategies with biologics, monotherapy or sequential therapy,
would unlikely be cost-effective compared with conventional
care at the common WTP of $100,000 per QALY. However, at
a higher WTP threshold of $150,000 per QALY, the sequential
treatment strategies with 2 TNF inhibitors and 1 TNF inhibitor
followed by an IL-17A antibody agent appeared to be cost-
effective compared with conventional care. Our analysis results
of treatment strategy with 1 biologic, a TNF inhibitor, or IL-17A
antibody agent, relative to conventional care, was different
from previous non-U.S. cost-effectiveness studies,!?#0-20-22:5*
where the treatment was likely cost-effective under acceptable
WTP thresholds because acquisition costs of biologics in other
countries were much lower than they are in the United States.

A recent systematic review of cost-effectiveness studies in
treatment of AS (2012) evaluated the quality of the studies and
provided a critical review of the studies in 6 important areas””:
(1) the role of indirect costs, (2) quality of input description
in the study models, (3) alternative treatment comparators,
(4) assumptions for long-term modeling, (5) effects of upfront
costs in treatment with TNF inhibitors, and (6) adequacy of
BASDAI/BASFI scales for effectiveness. In the current study,
we modeled our analysis following critical evaluations of the
important issues, except for the indirect costs, based on this
systematic review.”” The quality of our model input parameters
was based mainly on the comprehensive meta-analysis from
all clinical trials of the TNF inhibitors for AS disease.”” The
treatment alternative comparators in our analysis were not
among the 5 equally effective TNF inhibitors or between the
equally recommended 2 IL-17A antibody agents, but rather
the treatment strategies with 1 TNF inhibitor, an IL-17A agent,
2 TNF inhibitors, a TNF inhibitor followed by an IL-17A agent,
and conventional care with NSAIDs.

Our analysis was modeled based on a 10-year time horizon,
which is long enough to model progression of disease but not
too long, since treatment in AS disease is changing rapidly with
time. As recommended, an initial treatment period of 12 weeks
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was modeled in our study to determine clinical response, thus,
the effects of upfront costs in treatment with TNF inhibitors
and IL-17A agents were significantly reduced. Finally, for QALY
outcomes, our model applied a health utility equation based on
the BASDAI and BASFI scores (reflecting disease activity and
functional impairment, respectively), as well as patient age and
gender in the base case.”” In addition, a different health utility
equation involving only the BASDAI and BASFI scores was
used for our sensitivity analysis.*® The overall cost-effectiveness
results were slightly changed, specifically with the ICER of the
sequential treatment strategy, with 1 TNF inhibitor followed
by an IL-17A antibody agent compared with conventional care
lowered to $115,717 per QALY from the baseline of $130,813
per QALY.

The current analysis was modeled at an individual level that
addressed the “memoryless” limitation of cohort Markov mod-
els, which do not account for the effect of individual patient
history on future events or on clinical outcomes whose rates
depend on time of occurrence.”® As a result, the individual-
level approach has certain advantages in modeling patient
heterogeneity and is especially appropriate in comparative
effectiveness studies.

Our analysis has several advantages, including modeling at an
individual level where the stochastic relationships among patient
characteristics (age, gender, BASDAI, and BASFI), health care
costs, and health utility were simulated, reflecting their nonlin-
ear relationships to better estimate the overall per-patient cost
and QALYs. The main clinical data used in our simulated model
came from a comprehensive meta-analysis of all clinical trials
using TNF inhibitors for AS disease, which provided the highest
evidence-based results compared with individual clinical trials
for each TNF inhibitor. In addition, our analysis addressed the
real-world question of whether further treatment with a second
alternative TNF inhibitor or an IL-17A antibody agent in patients
who did not respond with the initial TNF inhibitor would be
cost-effective at the common WTP range between $100,000 per
QALY and $150,000 per QALY.

Limitations

As with all economic modeling studies, our economic analysis
of treatment strategies in accordance with treatment guidelines
for patients with AS should be seen in the light of methodologi-
cal limitations and unavoidable assumptions. First, most of
our model inputs for clinical outcomes were based on a recent
meta-analysis of all TNF inhibitors approved to treat patients
with ankylosing spondylitis.® The aggregate data of all TNF
inhibitors were used instead of individual information from
each TNF inhibitor. As such, we did not distinguish individual
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TNF inhibitors but used the average overall cost of all TNF
inhibitors in our analysis. The analysis was, however, aligned
with treatment guidelines for AS disease where no specific
TNF inhibitors were recommended over the others. In account-
ing for difference in costs of TNF inhibitors, we performed a
PSA with +20% the average overall cost of TNF inhibitors in
the model. Moreover, no meta-analysis has been done on the
IL-17A antibody agents, so our analysis on IL-17A antibody
agents was mainly based on secukinumab instead of the class
aggregate data.

Second, our analysis encompassed long-term estimation
beyond the time frame of clinical trials, thus, assumptions
regarding the progression of functional limitations and treat-
ment discontinuation rates were necessary. In the model, the
progression of functional loss from the disease was captured
by an annual increase in the BASFI score of 0.082."° For
patients who responded to TNF inhibitor or IL-17A antibody
treatment, it was assumed that the annual BASFI progression
would be reduced by a factor (relative risk) of 0.42 or 0.153,
respectively, at 4 years and thereafter.!*!>** To account for treat-
ment discontinuation, an annual withdrawal rate of 11% (95%
CI=6.7%-15.3%) for treatment with a biologic was assumed in
the model.”” In our sensitivity analysis, immediate treatment
effect of treatment with TNF inhibitors on BASFI scores or a
high annual discontinuation rate of 30% only yielded minimal
changes in overall cost-effectiveness results.

Finally, income loss and indirect cost implications from
impairment of productivity might be important in AS disease
but was not included in our analysis. Recently, a non-U.S.
study reported an increase in work productivity with biologic
therapy by patients with AS*; thus, cost-effectiveness results
for biologic therapy might be improved from a societal perspec-
tive. However, estimating indirect costs or productivity loss
has not been sufficient and standardized in the United States.
As a result, our analysis focused only on the U.S. health care
payer’s perspective. Further research quantifying the cost from
productivity loss in patients with AS would improve under-
standing from the patient and societal perspectives.

I Conclusions

The current study suggested that all treatment strategies with
biologics, TNF inhibitors or IL-17A agents, in the treatment
guidelines for AS were not cost-effective at the common
WTP of $100,000 per QALY from the U.S. health care payer’s
perspective. Nevertheless, the sequential treatment with 1 TNF
inhibitor followed by an IL-17A agent was considered cost-
effective at a higher WTP of $150,000 per QALY.
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