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Abstract

Objective To determine the cost effectiveness of secuk-
inumab, a fully human interleukin-17A inhibitor, for adults
in the UK with active ankylosing spondylitis (AS) who
have not responded adequately to previous treatment with
conventional care (CC; biologic-naive population) or pre-
vious biologic therapy (biologic-experienced population).
Perspective and Setting UK National Health Service
(NHS).

Methods The model was structured as a 3-month decision
tree leading into a Markov model. Comparators were
licensed tumour necrosis factor inhibitors (including
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available biosimilars) and CC in the biologic-naive and
biologic-experienced populations, respectively. Clinical
parameters captured treatment response, short-term disease
activity and patient functioning, as well as long-term
structural disease progression. Utilities were derived from
secukinumab trial data. List prices were used for all drugs.
The cost year was 2017 and costs and outcomes were
discounted at 3.5%.

Results In the biologic-naive population, secukinumab
dominated adalimumab and certolizumab pegol. Incre-
mental cost-effectiveness ratios (ICERs) versus other
comparators were either below £10,000 per quality-ad-
justed life-year (QALY) gained or south-west ICERs that
implied cost effectiveness of secukinumab. In biologic-
experienced patients, the ICER for secukinumab versus CC
was £4927 per QALY gained. Treatment response rates,
short-term treatment effects, long-term radiographic pro-
gression and biologic acquisition costs were key model
drivers. Scenario analysis found results to be robust to
changes in model structural assumptions. Probabilistic
analysis identified greater uncertainty in results in the
biologic-naive population.

Conclusions Even at list price, secukinumab appears to
represent a cost-effective use of NHS resources for bio-
logic-naive and biologic-experienced patients with active
AS. Further research on long-term radiographic progres-
sion outcomes would be valuable for future cost-effec-
tiveness analyses in AS.
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Key Points for Decision Makers

Secukinumab at list price appears to represent a cost-
effective treatment option from the perspective of the
UK National Health Service for patients with active
ankylosing spondylitis, including both patients who
are naive to prior biologic therapy and those who
have previously received such therapy.

Cost-effectiveness results were generally robust to
exploration of uncertainty in sensitivity and scenario
analysis. Assumptions around rates of withdrawal
from therapy had notable impacts on incremental
cost-effectiveness estimates for secukinumab versus
some tumour necrosis factor inhibitors (TNFis).

Further data collection on comparative long-term
radiographic progression outcomes with biologics,
and on the effectiveness of TNFis in biologic-
experienced patients, would be valuable to reduce
uncertainty.

1 Introduction

Ankylosing spondylitis (AS) is a chronic, progressive,
irreversible arthritic condition characterised by inflamma-
tion of the sacroiliac joint at the base of the spine [1]. There
are an estimated 200,000 AS diagnoses in the UK [2]. AS
is three times more common in men than women and, as
diagnosis is usually before the age of 45 years, primarily
affects a working-age population. The natural history of AS
is of progressive, irreversible, long-term deterioration in
patient functioning resulting from ongoing disease activity
(i.e. inflammation) and progressive structural damage (i.e.
radiographic disease). AS is also associated with an
increased risk of mortality, which is relatively higher for
males than females [3].

Initial treatment for patients with AS in the UK is non-
steroidal anti-inflammatory drugs (NSAIDs) alongside
non-pharmacological interventions (e.g. physiotherapy) to
help relieve pain and stiffness. Together, these constitute
‘conventional care’ (CC). However, there is little evidence
that CC prevents long-term structural progression of AS
and many patients do not respond adequately to this
treatment. The introduction of biologic therapies has
transformed the treatment pathway for patients with AS, as
reflected in guidelines from the British Society for
Rheumatology/British Health Professionals in Rheumatol-
ogy (BSR/BHPR), which recommend initiation of biologic
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treatment for patients with disease activity despite standard
therapy [4]. The first five licensed biologics for AS were all
tumour necrosis factor inhibitors (TNFis): etanercept,
adalimumab, infliximab, golimumab, and certolizumab
pegol. All five TNFis have received a positive recom-
mendation from the National Institute for Health and Care
Excellence (NICE) for the treatment of patients with severe
active AS whose disease has responded inadequately to, or
who cannot tolerate, NSAIDs [5]. Guidelines note the
effectiveness of these therapies in reducing disease activity
and spinal pain, but also acknowledge that evidence for
impact of these therapies on radiographic disease pro-
gression is limited [4].

More recently, secukinumab, a fully human biologic
therapy targeting interleukin (IL)-17A, has been licensed
and recommended by NICE and the Scottish Medicines
Consortium (SMC) for patients with an inadequate
response to NSAIDs or TNFis, thus providing a novel
mechanism of action for patients [6, 7]. Two phase III trials
(MEASURE 1, MEASURE 2) demonstrated the efficacy
and safety of secukinumab in patients with an inadequate
response to CC who had not received a TNFi previously
(hereafter referred to as ‘biologic-naive’ patients) and in
patients who had previously received a TNFi but withdrew
from this therapy due to lack of efficacy or adverse events
(hereafter referred to as ‘biologic-experienced’ patients)
[8].

This research investigated the cost effectiveness of
secukinumab for the treatment of active AS from the per-
spective of the UK National Health Service (NHS).

2 Methods
2.1 Population, Interventions and Comparators

The economic evaluation considered two distinct subpop-
ulations of patients with active AS: (1) biologic-naive
patients; and (2) biologic-experienced patients. These two
subpopulations align with the clinical subgroups explored
in the MEASURE 1 and MEASURE 2 studies of
secukinumab.

The patient population was defined based on patient
characteristics from MEASURE 2 (average age
43.30 years; average weight 81.34 kg; proportion of males
69.9%). Baseline Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI) and Bath Ankylosing
Spondylitis Functional Index (BASFI) scores were also
taken from the MEASURE 2 study (see Sect. 2.3).

Secukinumab was modelled as the 150 mg dose
administered subcutaneously at weeks 0, 1, 2 and 3, fol-
lowed by monthly maintenance dosing starting at week 4,
in line with the Ilicensed posology. The relevant
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comparators to secukinumab in the biologic-naive and
biologic-experienced populations were reflective of clinical
practice in the UK NHS, taking into consideration the
availability of clinical data to allow robust economic
evaluation. For the biologic-naive population, this repre-
sented the five licensed and NICE/SMC-approved TNFis:
etanercept, adalimumab, infliximab, golimumab, and cer-
tolizumab pegol (all at licensed doses). For two biologics
(etanercept, infliximab), biosimilars are available in the UK
and were included in the analysis as stand-alone com-
parators in addition to the originator products. Equal effi-
cacy of biosimilar and originator products was assumed.

For the biologic-experienced population, the comparator
in the base-case analysis was CC. Although AS treatment
guidelines recommend sequential treatment with a subse-
quent TNFi after inefficacy or adverse events with the
initial biologic treatment, a paucity of clinical data for use
of comparator TNFis in the biologic-experienced popula-
tion means that any economic analysis of sequential
treatment would require unsupported assumptions regard-
ing effectiveness of TNFis in biologic-experienced
patients, and therefore lack robustness. Consideration of
TNFis as comparators to secukinumab in the biologic-ex-
perienced population was therefore explored only as a
scenario analysis.

2.2 Model Structure

The structure, inputs and assumptions for the model were
informed by evidence from systematic literature reviews
(SLRs) for relevant economic evaluations and studies
reporting utility and cost/resource use data (see electronic
supplementary material [ESM]). The model was developed
based on the modelling framework used in previously
published cost-effectiveness analyses of biologics for the
treatment of AS, notably the York model [5, 9]. A cohort
was modelled to initially enter a decision-tree model to
determine response to treatment at 3 months, followed by
entry into a Markov state-transition model comprised of
three health states for maintenance treatment, CC and death
(Fig. 1). The model was constructed in Microsoft Excel®
(Microsoft Corporation, Redmond, WA, USA).

Treatment response was assessed at 3 months. This is in
line with the earliest timepoint for assessment recom-
mended in the latest treatment guidelines from the BSR/
BCHP, and the timepoint for assessment specified in the
NICE guidance for TNFis [4, 5]. The BSR/BCHP guide-
lines define response as a reduction in the BASDAI of > 2
units and a > 2 cm reduction in the spinal pain visual
analogue scale (VAS); however, this response definition is
not routinely measured in clinical trials [4]. Therefore,
BASDAI 50 (50% reduction in BASDAI score from
baseline), as a readily available outcome that has been

utilised in previous economic evaluations, was used to
define response [9].

Patients classified as responders entered the Markov
model in the maintenance treatment health state and were
assumed to continue their initial biologic treatment until
withdrawal due to lack of efficacy or adverse events. Non-
responders were assumed to discontinue their initial bio-
logic therapy at 3 months. In the base case, these patients
entered the Markov model in the CC health state and were
modelled to receive CC until death, with no option to
return to treatment with biologic therapy. In clinical prac-
tice, patients who withdraw from their initial biologic
therapy may instead switch to a sequential biologic treat-
ment [4]. This sequential biologic treatment was modelled
as a scenario analysis due to lack of comparator data in
biologic-experienced populations.

Successive 3-month cycles in the Markov model tracked
disease progression through BASDAI score (reflecting
disease activity) and BASFI score (reflecting changes to
patient functioning). Disease-related costs and patient
utility were linked to these long-term clinical outcomes to
determine accrued costs and health benefits over the
modelled time horizon. A 40-year time horizon was used to
represent a lifetime time horizon, reflecting the chronic
nature of the condition and treatment. Alternative time
horizons were explored in scenario analyses.

2.3 Modelling of Health Outcomes
2.3.1 Treatment Response

An SLR was performed to identify clinical efficacy and
safety outcomes, including BASDAI 50, for secukinumab
and TNFis in both biologic-naive and biologic-experienced
populations [6]. This identified the MEASURE 1 and
MEASURE 2 studies of secukinumab. The MEASURE 1
study used a non-licensed intravenous loading regimen and
was therefore not used to inform clinical inputs in the base-
case model, with the exception of withdrawal rates and
utilities. Published BASDAI 50 scores were identified for
all comparator TNFis in the biologic-naive population; in
the biologic-experienced population no comparator data
were identified.

In the biologic-naive population, BASDAI 50 model
inputs were informed by a network meta-analysis (NMA)
of BASDALI 50 scores, with the timepoint of BASDAI 50
score taken as the primary endpoint of the relevant trial,
provided this was between weeks 12 and 16. Full details of
the methods of the NMA have been published elsewhere
[6]. In the biologic-experienced population, BASDAI 50
response rates for secukinumab and CC were taken directly
from the secukinumab 150 mg and placebo arms, respec-
tively, of the MEASURE 2 study. Concomitant
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Fig. 1 Model structure.

a Decision-tree model structure.
Responders were those patients
who achieved a BASDAI 50
response at 3 months. b Markov
model structure. The three-state
Markov model depicted in the
upper panel was used in the
base-case analysis. The model
structure allowing movement to
a second three-state Markov
model via a second decision tree
(lower panel) was applied only
in the scenario analysis in the
biologic-naive population in
which sequencing of biologic
therapies was explored. BASDAI
Bath Ankylosing Spondylitis
Disease Activity Index, CC
conventional care
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medications such as NSAIDs and physiotherapy were
permitted in MEASURE 2, supporting the use of the pla-
cebo arm as a proxy to UK CC. BASDAI 50 response rates
for the base-case analyses in the two populations are pre-
sented in ESM Table 4.

In the absence of efficacy data for TNFis in biologic-
experienced patients, the sequencing scenario analyses in
this population assumed the same placebo-adjusted relative
reduction in response rate for the biologic-experienced
population versus the biologic-naive population, across all
biologics, as observed in MEASURE 2 (37.6%; derivation
provided in ESM Table 5).

2.3.2 Short-Term Health Outcomes

Short-term health effects over the initial 12-week treatment
period were captured by BASDAI and BASFI scores to
reflect the impact of treatment on disease activity and
patient functioning. BASDAI and BASFI scores at week 12
and beyond are conditional upon whether or not the patient
responds to treatment [10]. As such, baseline and change
from baseline BASDAI and BASFI scores were made
conditional on BASDAI 50 response at 12 weeks using
data from the active treatment arms of MEASURE 2 for
secukinumab, ATLAS for adalimumab, and GO-RAISE for
golimumab [5]. For all other comparators, conditional data
were unavailable and estimates were based on the average
ratio of responder to non-responder mean changes from
baseline in each outcome at 12 weeks across the afore-
mentioned sources [9]. These proportional changes for
responders versus non-responders were then applied to
absolute mean changes in BASDAI and BASFI at
12 weeks from the NMA, based on the proportion of
responders. Conditional baseline and week 12 change from
baseline BASDAI and BASFI data are provided in ESM
Table 6.

2.3.3 Long-Term Health Outcomes

In addition to short-term effects on BASDAI and BASFI
scores, the model captured the impact of treatment on long-
term disease progression.

For BASDALI scores, conditional changes from baseline
at week 12 were assumed to be maintained while patients
remained in the maintenance treatment health state. Upon
discontinuation of biologic therapy, BASDAI score was
assumed to rebound to baseline.

Patients with AS experience progressive deterioration of
function over time, dependent on the extent of disease
activity and radiographic progression. This was captured as
long-term progression in BASFI score. As BASDALI score
was assumed constant in the long-term, natural progression
of BASFI score was modelled as dependent on

radiographic progression only (measured by the modified
Stoke Ankylosing Spondylitis Spinal Score [mSASSS])
using the following equation: annual rate of BASFI
change = annual rate of mSASSS change x BASFI
change with a 1-unit change in mSASSS. Consistent with
the York model, the independent effect of a 1-unit change
in mSASSS on BASFI scores was modelled by the multi-
variate relationship reported by Landewe et al. (mean
0.057; standard error 0.0049), and the annual rate of
mSASSS change was taken as 1.440 [11, 12].

This rate of 1.440 represented the natural disease pro-
gression, and was applied for the CC arm under the
assumption that CC had no impact on long-term radio-
graphic progression. The treatment effect of biologics on
slowing the rate of BASFI progression was assumed to start
immediately on treatment initiation and was taken from the
study by Haroon et al., which reported a relative rate of
mSASSS change of 0.42 for patients receiving versus not
receiving TNFis [13]. This was applied to all biologics,
including secukinumab. However, it should be noted that
this study included TNFis only. Although radiographic
outcomes were not collected in MEASURE 2, secuk-
inumab has demonstrated efficacy on radiographic pro-
gression outcomes in the MEASURE 1 study, with a mean
change in mSASSS from baseline to week 104 of 0.30 for
patients treated with secukinumab 150 mg [14]. The base-
case may therefore underestimate the impact of secuk-
inumab in slowing radiographic progression, and a scenario
analysis explored the application of an alternative relative
rate of annual mSASSS change of 0.15, based on the
MEASURE 1 study, for patients treated with secukinumab.
BASFI scores were assumed to return to baseline upon
withdrawal of biologic therapy.

2.3.4 Withdrawal of Biologic Therapy

Annual withdrawal rates, which were converted to 3-month
(per cycle) probabilities of withdrawal, are reported in
ESM Table 7. The same annual withdrawal rate (11.0%)
was assumed for all TNFis in all years of the model,
consistent with the York model [9]. For secukinumab, the
withdrawal rates were derived directly from the pooled
MEASURE 2 and MEASURE 1 studies (15.2% in year 1,
6.0% in all subsequent years). Separate scenario analyses
explored the impact of applying withdrawal rates from the
MEASURE 2 study alone for secukinumab, applying the
11.0% annual withdrawal rate to all treatments including
secukinumab, and applying individual withdrawal rates to
all treatments based on clinical trial data.
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2.3.5 Adverse Events

One adverse event (serious infections) was included in the
model, with the probability of serious infection in each
3-month cycle based on naive trial data for each inter-
vention (ESM Table 7). This adverse event was selected
due to the increased risk of infection with biologic thera-
pies targeting immune pathways, such as TNFa or IL-17A
[15, 16]. Five percent of serious infections were assumed to
be cases of tuberculosis, which were modelled to have
higher costs per event than other serious infections (see
Sect. 2.5).

2.3.6 Mortality

Baseline mortality in the model was determined using
mortality rates from the general population life tables,
adjusted for sex-specific relative risks of death for patients
with AS (males 1.63; females 1.38) consistent with the
York model in AS [3, 9, 17].

2.4 Utility Inputs

Previous analyses have modelled patient health-related
quality of life in AS to be dependent on BASDAI, BASFI,
age and sex via regression models. As the model captured
BASDAI and BASFI scores over time for patients
remaining in the maintenance treatment health state versus
those in the CC health state, this evaluation was similarly
able to model health state utility using a regression model
approach. The following utility algorithm, derived from
patient-level data from the MEASURE 1 and MEASURE 2
trials, was utilised:

Linear: Utility = 0.9610 — 0.0442 x BASDAI — 0.0330
x BASFI — 0.0111 x Sex[l = male,0
= female] + 0.0005 x Age.

2.5 Cost and Resource Use Inputs

The analysis was conducted from the perspective of the UK
NHS, including only direct healthcare costs: drug acqui-
sition costs (at list price in the base case), administration
and monitoring costs, disease management costs and costs
related to adverse events. The cost year of the analysis was
2017. Full cost and resource use inputs are provided in
ESM Table 8.

2.6 Model Outcomes
Model outcomes included the total cost and quality-ad-

justed life-years (QALYs) accrued over the time horizon of
the model, both discounted at a rate of 3.5% per year as per
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standard practice for UK cost-effectiveness analyses [18].
A half-cycle correction was applied to all outcomes. Cost
effectiveness was assessed in terms of the incremental cost-
effectiveness ratio (ICER).

3 Results
3.1 Base-Case Results

In the biologic-naive population, secukinumab dominated
adalimumab and certolizumab pegol (Table la). ICERs
versus all other comparators were either below £10,000 per
QALY gained, or south-west ICERs that implied cost
effectiveness of secukinumab. Fully incremental analysis
found all interventions other than secukinumab, etanercept
(biosimilar) and infliximab (biosimilar) to be dominated or
extendedly dominated. The resulting ICER for secuk-
inumab versus etanercept (biosimilar) was £7524 per
QALY gained, while the ICER for infliximab (biosimilar)
versus secukinumab was £657,820 per QALY gained.

In the biologic-experienced population, secukinumab
was associated with a QALY gain of 1.018 compared with
CC, at increased costs of £5014 over the model time
horizon (ICER of £4927 per QALY gained) (Table 1b).

3.2 Sensitivity Analyses

One-way sensitivity analyses (OWSA) were conducted to
determine the key drivers of cost-effectiveness results
separately for the biologic-naive and biologic-experienced
populations (see ESM Table 10 for details of the upper and
lower values applied). Results were expressed in terms of
net monetary benefit (NMB) valuing a single QALY at
£30,000; dominance in some comparisons rendered the
ICER measure uninformative for OWSA. Parameters
associated with treatment response rates, short-term treat-
ment effects, long-term radiographic progression and bio-
logic acquisition costs were among the key model drivers
in both populations (ESM Figs. 3 and 4).

Probabilistic sensitivity analyses (PSA) were conducted,
varying model parameters simultaneously over 1000 sim-
ulations (ICERs were stable at this number of iterations).
Point estimates for model parameters were derived from
appropriate distributions using means and standard errors.
For the biologic-naive population, the PSA conservatively
included the biosimilar versions of etanercept and inflix-
imab, and not their originator products, as it was consid-
ered illogical to potentially observe iterations in which
stochastic variation resulted in differing effectiveness of
biosimilar and originator versions. Probabilistic results in
both populations were broadly consistent with those from
the deterministic base-case analysis and were associated
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Table 1 Base-case deterministic cost-effectiveness results (pairwise comparisons of secukinumab vs. each comparator and fully incremental
analysis)

Intervention Total Total Incremental Incremental ICER (£ per QALY), ICER (£ per QALY), fully incremental
costs QALYs costs QALYs pairwise analysis®
(a) Biologic-naive
SEC (at list £124,064 8.833 £7524
price)
ADA £127,962 8.680 — £3898 0.152 SEC dominates Dominated
CZP (at list £125,995 8.741 — £1931 0.092 SEC dominates Dominated
price)
ETN £122,927 8.414 £1136 0.419 £2712 Dominated
(originator)
ETN £120911 8.414 £3152 0.419 £7524 -
(biosimilar)
GOL (at list £129,941 8.836 — £5877 — 0.004 £1,594,503° Extendedly dominated
price)
INF £145,170 8.859 — £21,107 — 0.026 £818,873° Dominated
(originator)
INF £141,019 8.859 — £16,955 — 0.026 £657,820° £657,820
(biosimilar)
Intervention Total costs Total QALYs Incremental costs Incremental QALY's ICER (£ per QALY)

(b) Biologic-experienced
CcC £122,858
SEC (at list price) £127,872

7.264

8.282 £5014 1.018 £4927

ADA adalimumab, CC conventional care, CZP certolizumab pegol, ETN etanercept, GOL golimumab, /CER incremental cost-effectiveness ratio,
INF infliximab, QALY quality-adjusted life-year, SEC secukinumab

“The fully incremental analysis finds all interventions other than SEC, ETN (biosimilar) and INF (biosimilar) to be dominated or extendedly
dominated. The ICER for SEC vs. ETN (biosimilar) was £7524, and the ICER for INF (biosimilar) vs. SEC was £657,820

ICERs for SEC vs. the comparators that are marked with an asterisk represent ICERs in the south-west quadrant of the cost-effectiveness plane
(negative incremental costs and negative incremental QALYs with SEC). Therefore, the ICER is a positive value and should be interpreted as the

cost savings per QALY foregone with SEC vs. the comparator

with limited uncertainty (Table 2; ESM Figs. 5 and 6). The
probability of secukinumab having the highest NMB in the
biologic-naive and biologic-experienced populations was
52.10 and 99.70%, respectively, when one QALY was
valued at £30,000 (Fig. 2).

3.3 Scenario Analyses

Key assumptions and areas of structural uncertainty in the
model were explored through scenario analyses. There are
no published comparative data of secukinumab versus
TNFis for radiographic progression outcomes from which
to draw robust scientific conclusions regarding comparative
efficacy. However, in the MEASURE 1 study, mean + s-
tandard deviation change in mSASSS from baseline to
week 104 was 0.30£1.93 for patients who received the
150 mg maintenance dose of secukinumab. In contrast,
previously published collated estimates of 2-year mSASSS
change from baseline across TNFis ranged between 0.8 and

1.0 [9, 14]. Thus, assuming a slower rate of radiographic
progression with secukinumab is a clinically realistic sce-
nario, and an important one given the influence that the
annual rate of change in the mSASSS parameter has on
model results. This scenario resulted in improved cost
effectiveness of secukinumab across all comparisons
(Table 3).

Results from all scenario analyses are presented in
Table 3 (biologic-naive) and ESM Tables 11 and 12 (bio-
logic-experienced). Cost-effectiveness conclusions were
robust to scenario analysis; scenarios exploring alternative
withdrawal rate assumptions were found to have the most
notable impact on results.

3.4 Model Validation
Quality control for model internal validity was performed

through independent review of the model by a different
health economist to those responsible for initial
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Table 2 Probabilistic cost-effectiveness results (with pairwise comparison of secukinumab vs. each comparator) [average (95% Cls)]

Intervention

Mean total costs

Mean total QALY's

Mean incremental costs

Mean incremental
QALYs

Mean ICER (£ per
QALY)*

(a) Biologic-naive
SEC (at list

£127,477 (£125,448,

9.539 (9.47, 9.61)

price) £129,506)
ADA £130,703 (£128,688, 9.385 (9.328, 9.443) — £3226 (— £3722, — 0.154 (0.118, 0.190) SEC dominates
£132,719) £2730)
CZP (at list £129,102 (£127,059, 9.430 (9.371, 9.489) — £1625 (— £2171, — 0.109 (0.07, 0.148)  SEC dominates
price) £131,146) £1080)
ETN £124,844 (£122,744, 9.145 (9.083, 9.206) £2633 (£2066, £3200) 0.395 (0.355, 0.434) £6674
(biosimilar) £126,943)
GOL (at list ~ £133,782 (£131,734, 9.522 (9.462, 9.581) — £6305 (— £6883, — 0.017 (- 0.021, SEC dominates
price) £135,830) £5728) 0.056)
INF £145,078 (£142,991, 9.554 (9.495, 9.613) — £17,601 (— £18,278, — — 0.015 (— 0.056,  £1,196,581°
(biosimilar) £147,165) £16,925) 0.026)
(b) Biologic-experienced
CC £128,445 (£125,654, 7.959 (7.901, 8.017)
£131,237)
SEC (at list £133,144 (£130,732, 8.967 (8.906, 9.028) £4699 (£4119, £5279) 1.008 (0.986, 1.031) £4660
price) £135,557)

ADA adalimumab, CC conventional care, CIs confidence intervals, CZP certolizumab pegol, ETN etanercept, GOL golimumab, /CER incre-
mental cost-effectiveness ratio, INF infliximab, QALY quality-adjusted life-year, SEC secukinumab

495% ClIs are not provided for ICERs due to difficulty in interpretation of CIs where ICERs from probabilistic simulations span quadrants of the

cost-effectiveness plane

ICERs for SEC vs. the comparators that are marked with an asterisk represent ICERs in the south-west quadrant of the cost-effectiveness plane
(negative incremental costs and negative incremental QALY's with SEC). Therefore, the ICER is a positive value and should be interpreted as the

cost savings per QALY foregone with SEC vs. the comparator

construction of the model. Cross-validation of the model
was performed through comparison of modelled total costs
with those of the York model, which represented the most
recent and relevant cost-effectiveness analysis for this
population [9]. External validation was assessed through
comparison of model-predicted BASDAI and BASFI out-
comes with data from the BSR Biologics Register in AS
(BSRBR-AS). Results of validation are provided in ESM
Table 13.

4 Discussion

Secukinumab is the first licensed biologic for AS to target a
novel molecule (IL-17A), and therefore the cost-effec-
tiveness analysis presented here should be of interest to
clinicians and commissioners in the UK NHS. Based on
this analysis, secukinumab appears to represent a cost-ef-
fective intervention for the treatment of biologic-naive and
biologic-experienced patients with AS. Furthermore,
secukinumab is available to the UK NHS with a confi-
dential discount on the list price as part of a patient access
scheme (PAS), which would further improve the cost

A\ Adis

effectiveness of secukinumab relative to the results pre-
sented in this current study.

A key strength of this analysis is the use of an SLR to
identify clinical data to inform the model [19]. This review
identified several high-quality trials that provide evidence
in the biologic-naive population across all therapies
included in the analysis.

The analysis also benefits from the availability of
patient-level data from MEASURE 2. This permitted
determination of BASDAI and BASFI scores conditional
upon response status, which is important given evidence
for differential clinical outcomes between responders and
non-responders into the longer-term [10]. Conversely, the
analysis is limited by a lack of equivalent patient-level data
for all comparator therapies, meaning the analysis relied on
an assumption that the conditional data that are available
(for secukinumab, adalimumab and golimumab) are
applicable to other TNFi comparators.

One limitation of the analysis is that the SLR did not
identify data for comparator therapies in the biologic-ex-
perienced population, precluding their inclusion as com-
parators in the base-case analysis for the biologic-
experienced population. Therefore, the base-case
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Fig. 2 Probabilistic results—cost-effectiveness acceptability curves.
a Biologic-naive population (all comparators). b Biologic-experi-
enced population (vs. CC). ADA adalimumab, CC conventional care,

comparison (versus CC) may not fully represent UK clin-
ical practice as it is likely clinicians would prescribe a
second biologic following an inadequate response to the
first [4].

An additional limitation with regard to the generalis-
ability of the analysis to UK clinical practice relates to
treatment response criteria. BSR guidelines previously
defined treatment response as either a 50% reduction from
baseline in the BASDAI or a > 2-unit drop in BASDAI
total score from baseline and a > 2 cm reduction in spinal
pain VAS [20]. The latest BSR/BHPR guidelines omit the
BASDALI 50 component [4]. In contrast, the criterion for
treatment response in our economic analysis was achieve-
ment of a BASDAI 50. Previous research has indicated the
influence of the definition of response on the proportion of

CZP certolizumab pegol, ETN etanercept, GOL golimumab, INF
infliximab, SEC secukinumab

responders and on the longer-term clinical outcomes of
those classed as responders versus non-responders, and
therefore this discrepancy represents an important limita-
tion [21]. However, the use of the BASDAI 50 response
reflects the primacy with which this outcome measure is
used in clinical trials of therapies for AS, and hence the
data available for modelling. Previous economic evalua-
tions in AS have similarly defined response using BASDAI
50 [9].

Finally, the relative responder rates applied in the
analysis are based on an NMA considering secukinumab
16-week data versus comparator TNFi 12-week data (14-
week data for golimumab), which may represent a source
of bias towards secukinumab. However, this approach
reflected primary outcome timepoints of the relevant trials
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Table 3 Scenario analyses in the biologic-naive population — ICERs for secukinumab (at list price) versus all comparators
#  Variable/assumption Scenario ADA CZP (at list ETN ETN GOL (at list INF INF
explored (base-case price) (originator)  (biosimilar) price) (originator)  (biosimilar)
setting)
Base case SEC SEC £2712 £7524 £1,594,503" £818,873"  £657,820"
dominates ~ dominates
1 Relative rate of 0.15, lower SEC SEC £278 £4675 SEC SEC SEC
radiographic than TNFis dominates  dominates dominates  dominates  dominates
progression
(change in
mSASSS) for SEC
(0.42, same as
TNFis)
2a  Time horizon 20 years SEC SEC £2051 £8226 £75,207* £195,542%  £158,379*
(40 years) dominates dominates
2b 58 years SEC SEC £2581 £7337 SEC £990,934*  £796,179*
dominates dominates dominates
3 BASFI rebound Equal to SEC SEC SEC £3407 SEC SEC SEC
(equal to initial natural dominates  dominates  dominates dominates  dominates  dominates
gain) history upon
withdrawal
of treatment
4a  Treatment SEC: from £3715 £6965 £7751 £9764 £1300 SEC SEC
withdrawal MEASURE dominates ~ dominates
probabilities 2 alone;
(SEC: pooled TNFis: from
MEASURE 2 and York model
4p ~ MEASURE L; York model ~ £61,134*  £28,334*  SEC £1159 £32,962°  £82,862°  £68,578"
TNFis: from Yok ithdrawal dominates
model) (11.0%) for
all
treatments,
including
SEC
4c Individual trial SEC SEC £10,200 £11,452 £35,461° SEC SEC
probabilities dominates ~ dominates dominates ~ dominates
for all
treatments
5  Response definition BASDAI 50 or SEC SEC £2213 £7631 £5,205,547* £145,023*  £116,504"
(BASDAI 50) 2-point dominates dominates
decline in
BASDAI
6a Utility model Alternative SEC SEC £2622 £7274 SEC SEC SEC
(MEASURE 1 and  published dominates  dominates dominates  dominates  dominates
MEASURE 2) utility
model:
Wailoo et al.
[23]
6b Alternative SEC SEC £2971 £8242 £3,314,513* £1,277,544" £1,026,280°
published dominates  dominates
utility
model:
McLeod
et al. [24]
7  List price used for  Publicly SEC £4367 £2712 £7524 £500,376"  £818,873"  £657,820"
CZP and GOL available dominates
PAS
incorporated
for CZP and
GOL
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Table 3 continued

#  Variable/assumption Scenario ADA CZP (at list ETN ETN GOL (at list INF INF
explored (base-case price) (originator)  (biosimilar) price) (originator)  (biosimilar)
setting)

Base case SEC SEC £2712 £7524 £1,594,503* £818,873% £657,820%
dominates dominates

8  No sequential Sequential SEC SEC £27 £5100 £392,434* £754,370% £609,172%

treatment with treatment dominates dominates
biologics with
biologics

ADA adalimumab, BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BASFI Bath Ankylosing Spondylitis Functional Index, CZP
certolizumab pegol, ETN etanercept, GOL golimumab, /CER incremental cost-effectiveness ratio, INF infliximab, mSASSS modified Stoke
Ankylosing Spondylitis Spinal Score, PAS patient access scheme, QALYs quality-adjusted life-years, SEC secukinumab, TNFi tumour necrosis

factor inhibitor

“ICERs for SEC versus the comparators that are marked with an asterisk represent ICERs in the south-west quadrant of the cost-effectiveness
plane (negative incremental costs and negative incremental QALY's with SEC). Therefore, the ICER is a positive value and should be interpreted

as the cost savings per QALY foregone with SEC vs. the comparator

and also the specified timepoint of assessment for TNFi
therapies in NICE guidance [5, 6].

An important feature of the analysis is the modelling of
long-term treatment effects on radiographic progression.
For patients remaining on biologic therapy, this treatment
effect is modelled beyond the length of available follow-up
data for secukinumab or comparators, representing a source
of uncertainty. An assumption of equivalent treatment
effect on radiographic progression among TNFis would
seem reasonable, given the shared mechanism of action.
The model input value of 0.42 for the relative rate of
mSASSS change with TNFis is based on empirical results
from a study of TNFis, and this value was similarly applied
as a class-effect assumption for TNFis in the York model
[9, 13]. In contrast, secukinumab possesses a different
mechanism of action, and hence such an assumption may
have less face validity, particularly in light of the mSASSS
outcomes with secukinumab previously discussed.

There are clear areas where further research would
benefit the analysis. First, availability of comparator data to
allow definitions of treatment response to be aligned to
those used by the BSR/BHPR would improve generalis-
ability. Longer-term data for all treatments, and in partic-
ular comparative evidence on radiographic progression,
also represent notable data gaps. Similarly, a lack of data
on discontinuation beyond 2 years means that discontinu-
ation rates applied for TNFis and secukinumab in the long-
term are a key source of uncertainty that should be an area
for further data collection. Finally, the scope of this
research was to consider the perspective of the UK NHS;
however, the academic literature also promotes the value of
a societal perspective [22]. Given that AS is a disease of
predominately working-age patients, there is a clear case
for broadening the analysis to a societal perspective as an
area of future research.

5 Conclusions

Secukinumab would appear to represent a cost-effective
treatment option for patients with active AS, both for those
patients who are biologic-naive and those who are bio-
logic-experienced. This research highlights a continued
need for longer-term data on all biologic treatments in this
indication to help inform future cost-effectiveness
analyses.
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