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Abstract The National Institute for Health and Care
Excellence invited Eli Lilly and Company Ltd, the com-
pany manufacturing ixekizumab (tradename Taltz®), to
submit evidence for the clinical and cost effectiveness of
ixekizumab. Ixekizumab was compared with tumour
necrosis factor-o inhibitors (etanercept, infliximab, adali-
mumab), ustekinumab, secukinumab, best supportive care
and, if non-biological treatment or phototherapy is suitable,
also compared with systemic non-biological therapies and
phototherapy with ultraviolet B radiation for adults with
moderate-to-severe plaque psoriasis. Kleijnen Systematic
Reviews Ltd, in collaboration with Maastricht University
Medical Center, was commissioned as the independent
Evidence Review Group. This article presents a summary
of the company submission, the Evidence Review Group
report and the development of the National Institute for
Health and Care Excellence guidance for the use of this
drug in England and Wales by the Appraisal Committee.
The Evidence Review Group produced a critical review of
the clinical and cost effectiveness of ixekizumab based on
the company submission. The company submission pre-
sented three randomised controlled trials identified in a
systematic review. All randomised controlled trials were
phase III, multicentre placebo-controlled trials including
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3866 participants with moderate-to-severe psoriasis. Two
trials also included an active comparator (etanercept). All
randomised controlled trials showed statistically significant
increases in two primary outcomes, static Physician Global
Assessment (0,1) and improvement of 75% from baseline
in the Psoriasis Area and Severity Index. Ixekizumab was
generally well tolerated in the randomised controlled trials,
with similar discontinuation rates because of adverse
events as placebo or etanercept. The most frequent adverse
events of special interest were infections and injection-site
reactions. The company submission also included a net-
work meta-analysis of relevant comparators. The Evidence
Review Group highlighted some issues regarding the sys-
tematic review process and an issue with the generalis-
ability of the findings in that the trials failed to include
patients with moderate psoriasis according to a widely used
definition. This issue was considered by the Appraisal
Committee and the population was deemed generalisable to
patients in England and Wales. Based on the network meta-
analysis, the Appraisal Committee concluded that ixek-
izumab was more clinically effective than adalimumab and
ustekinumab, and agreed it was likely that ixekizumab was
similarly effective compared with secukinumab and
infliximab while tolerability was similar to other biological
treatments approved for treating psoriasis. The Evidence
Review Group’s critical assessment of the company’s
economic evaluation highlighted a number of concerns,
including (1) the use of relative outcomes such as Psoriasis
Area and Severity Index response to model the cost
effectiveness; (2) the exclusion of the consequences of
adverse events; (3) the assumption of no utility gain in the
induction phase; (4) equal annual discontinuation rates for
all treatments; (5) the selection of treatment sequences for
consideration in the analyses and; (6) the transparency of
the Visual Basic for Applications code used to develop the
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model. Although some of these issues were adjusted in the
Evidence Review Group base case, the Evidence Review
Group could not estimate the impact of all of these issues,
and thus acknowledges that there are still uncertainties
concerning the cost-effectiveness evidence. In the Evi-
dence Review Group base-case incremental analysis, the
treatment sequence incorporating ixekizumab in the second
line has an incremental cost-effectiveness ratio of £25,532
per quality-adjusted life-year gained vs. the etanercept
sequence. Ixekizumab in the first-line sequence has an
incremental cost-effectiveness ratio of £39,129 per quality-
adjusted life-year gained compared with the treatment
sequence incorporating ixekizumab in the second line.
Consistent with its conclusion regarding clinical effec-
tiveness, the Appraisal Committee concluded that the cost
effectiveness of ixekizumab for treating moderate-to-sev-
ere plaque psoriasis was similar to that of other biological
treatments, already recommended in previous National
Institute for Health and Care Excellence guidance. The
committee concluded that the incremental cost-effective-
ness ratio was within the range that could be considered a
cost-effective use of National Health Service resources.

Key Points for Decision Makers

Ixekizumab showed a significantly significant
improvement of clinically relevant outcomes in the
treatment of moderate-to-severe plaque psoriasis.
More adverse events occurred under ixekizumab
than under placebo, most frequently infections and
injection-site reactions.

Using relative outcomes, such as the Psoriasis Area
and Severity Index, to construct the model structure
might bias the cost-effectiveness estimates.

Transparency and documenting the technical
implementation of the model are essential to
facilitate model scrutiny by external and/or internal
reviewers.

The National Institute for Health and Care
Excellence Appraisal Committee has recommended
ixekizumab within its marketing authorisation, as an
option for treating moderate-to-severe plaque
psoriasis.
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1 Introduction

To be recommended by the National Institute for Health
and Care Excellence (NICE) for use within the National
Health Service (NHS), health technologies must be clini-
cally effective and represent cost-effective use of NHS
resources. Ixekizumab was appraised under the NICE sin-
gle technology appraisal (STA) process, which typically
considers new technologies within a single indication.
Within the single technology appraisal process, the com-
pany (Eli Lilly and Company Ltd) provided NICE with a
written submission, including an executable health eco-
nomic model, detailing the company’s estimates of the
clinical and cost effectiveness of ixekizumab. The com-
pany’s submission (CS) [1] was critically reviewed by the
Evidence Review Group (ERG), an independent external
organisation (Kleijnen Systematic Reviews), which pro-
duced an ERG report [2]. After consideration of the sub-
mitted evidence (the CS, ERG report, as well as testimony
from stakeholders), the NICE Appraisal Committee (AC)
issued the Final Appraisal Determination consisting of
guidance regarding whether to recommend the technology,
which is open to appeal [3].

2 Decision Problem

The population, according to the final scope issued by
NICE, is defined as “adults with moderate to severe plaque
psoriasis” [4]. In the CS, the population definition is nar-
rower (“moderate to severe plaque psoriasis in adults who
are candidates for systemic therapy”) but appears to be in
line with the final scope [1]. However, there is no agreed
consensus on the terminology used to clarify the severity of
psoriasis with various Psoriasis Area and Severity Index
(PASI) thresholds [and Dermatology Life Quality Index
(DLQI) restrictions] suggested to define moderate-to-sev-
ere or severe psoriasis, respectively.

Psoriasis is a common, chronic, genetic systemic
inflammatory skin disease characterised by the appearance
of red, thick and scaly plaques. Although psoriasis can
appear on any part of the skin, it is most often found on the
elbows, knees, scalp, legs, trunk and/or nails. Plaque pso-
riasis (hereafter psoriasis) represents the most common
form of the disease and has a substantial impact on overall
health; this includes systemic comorbidities such as
depression, anxiety and suicidality in moderate-to-severe
cases. The progression of the disease is unpredictable but
generally follows a relapsing and remitting course
impacting patients’ quality of life.

The definition of the intervention in the CS [1] is in line
with the definition in the final scope and identical to the
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definition used in the summary of product characteristics
by the European Medicines Agency, which reads: “The
recommended dose is 160 mg by subcutaneous injection
(two 80 mg injections) at Week 0, followed by 80 mg (one
injection) at Weeks 2, 4, 6, 8, 10, and 12, then maintenance
dosing of 80 mg (one injection) every 4 weeks” [5].

The scope issued by NICE lists six comparators [4].
Four comparators “for people with severe psoriasis for
whom non-biologic systemic treatment or phototherapy is
inadequately effective, not tolerated or contraindicated”:

1. Tumour necrosis factor-a inhibitors (etanercept, inflix-
imab, adalimumab).

2. Ustekinumab.

Secukinumab.

4. Best supportive care (BSC).

b

Two additional comparators are listed “if non-biologic
treatment or phototherapy is suitable”:

5. Systemic non-biological therapies (including acitretin,
ciclosporin, fumaric acid esters, methotrexate).
6. Phototherapy with ultraviolet B radiation.

Some of these comparators were excluded in the CS as
“there was insufficient evidence to include other non-bio-
logic systemic therapies and phototherapy (i.e. acitretin,
fumaric acid esters and phototherapy) that were listed in
the scope” [2].

3 Independent Evidence Review Group Review

The sections below (3.1-3.4) summarise the evidence
presented in the CS, as well as the ERG’s review of that
evidence.

3.1 Clinical Effectiveness Evidence Submitted
by the Company

The CS conducted a systematic review to identify ran-
domised controlled trials (RCTs) to form the evidence base
for the clinical efficacy of ixekizumab in the treatment of
moderate-to-severe psoriasis. Three RCTs were identified:
UNCOVER-1, UNCOVER-2 and UNCOVER-3 [6, 7].

The UNCOVER studies were phase III, multicentre,
randomised, double-blind, placebo-controlled, parallel-
group outpatient trials comparing the efficacy and safety of
ixekizumab with placebo in patients with moderate-to-
severe psoriasis. In addition, the UNCOVER-2 and
UNCOVER-3 studies included an active comparator
(etanercept) arm. In total, these RCTs included 3866
participants.

The primary outcomes were the severity of psoriasis
after 12 weeks [static Physician Global Assessment (0,1)]

and the response rate [improvement of 75% from baseline
in the PASI (PASI 75)]. In all three UNCOVER trials, there
were statistically significant increases in static Physician
Global Assessment (0,1) and PASI 75 response rates for
patients treated with ixekizumab compared with placebo
and etanercept at week 12 (Table 1). The improvements in
PASI response rate appeared to be maintained for up to
60 weeks during the long-term extension period [2].
Compared with baseline, health-related quality of life
improved in significantly more patients treated with ixek-
izumab than with placebo and etanercept (e.g. UNCOVER-
1, ixekizumab 80 mg every 2 weeks vs. placebo: odds ratio
41.54 [95% confidence interval 25.37-68.02]). The relative
performance of ixekizumab in difficult-to-treat areas,
including nails, scalp and palmoplantar areas, was broadly
better than placebo and etanercept. However, the
improvement in psoriasis symptoms of the face which was
included in the final scope issued by NICE was not
reported in any of the UNCOVER studies.

Ixekizumab was generally well tolerated in the
UNCOVER trials, with similar discontinuation rates owing
to adverse events as placebo or etanercept. The most fre-
quent adverse events of special interest observed in the
UNCOVER studies were infections and injection-site
reactions. Two deaths were recorded in the UNCOVER 1
trial (one by myocardial infarction and the other of
unknown cause).

3.1.1 Critique of Clinical Effectiveness Evidence
and Interpretation

When preparing the Final Appraisal Determination, the AC
had access to results from three network meta-analyses
(NMAs) including 31 studies comparing the relative effi-
cacy of ixekizumab against a network of relevant com-
parators, including adalimumab, ciclosporin, etanercept,
infliximab, methotrexate, secukinumab and ustekinumab.
The results were marked as ‘academic in confidence’, i.e.
are not in the public domain. The ERG identified another
study [8], which should have been considered in these
analyses. Including the additional study resulted in only
small changes in PASI 75 at week 12. Overall, the ERG
believes that it was appropriate to undertake the NMAs and
the results obtained by the company were robust when
compared with the results of the ERG analysis.

However, the ERG highlighted an issue with the gen-
eralisability of the findings as it seemed that the
UNCOVER trials failed to include patients with moderate
psoriasis according to a widely used definition. In the CS,
moderate-to-severe psoriasis was defined as a total PASI
score of 10 or more and a DLQI score of more than 10.
However, the patients recruited in the UNCOVER trails
were those with PASI scores > 12 and no restriction related

A\ Adis



B. L. T. Ramaekers et al.

920

ydooroueyo yym paredwod 1000 > d, ‘oqeoerd s paredwod 100-0>d,

sore1 asuodsar 10y uonendwr JopuodsoI-uou YIIm 1S9} [9ZSUSEH—[OIUBA-URIYI0D) 9 YIIM PasA[eue a1om ere( (ID) % Io (%) u ‘(Jol1d pIepue)s) uedwr sarenbs-ises] are ejeq

JUSWISSSSY [BO[D) URIDISAUJ O1BIS YOS M § AIOAD 20UO M0 M T A19A2 20U0 MZO ‘0qade[d Ogd ‘Xopu] AIISAQS PUE BAIY SISBLIOSJ ) Ul QUI[seq WOy
%6 3o wowaroxduwit ¢/ [SV4 ‘uoneindod sisAreue oy ur sjuoned Jo requinu A ‘A10893e0 payroads oy ur sjuaned Jo Joquinu = u ‘Sw ()§ qEWNZDAXI )X/ ‘Tean) 0} uonuaul 7,77 ‘1dodioue)a A7 [eAIDIUI OUIPYUOD [)

1000 > 1000 > 1000 > 1000 > anfea d
(#€'02-99°'8) (1D %56)
(S'6—2ry) 979 (86'9-9¥¢) 161 - - 8TEl  (60°L—09°€) SO'S - - - - - NILI sA J0O
100°0> 1000 > 100°0> 100°0> 100°0> 1000 > 100°0> 100°0> anpea d
(ELPPI-TT9E)  (89'LET-€SHE)  (TLYT-19'L) (S'SPLS—TT'ELD)  (L8T0S—€€°1S)  (91°L8—€8°01) (€o'1o—so'sc)  (01'812-9T°CL) 1D %56)
6TTL S6'89 L€l - 6C°L66 0S°091 €L0€E - ¥6'€TC $$°6T1 - 04d sA ¥0
(%) u
1(€'L8) 9¢€ 1 (T¥8) sTe 1 (7'€9) ¥0T (€L vl £(L'68) SI€E 11(S°LL) 69T [919) 671 (AR~ (1'68) 98¢ 1978 Lse (6°¢) LI ‘6L ISVd
(GL ISVd) 211 asuodsoy
100°0> 100°0> 100°0> 100°0> anea d
(S8°S1-€T°L) 1D %S6)
0T6-SSP) L¥'9  (L999¥€) 08'F - - 0L01  (95°L-T8°¢) LE'S - - - - - NLI sA 4O
1000 > 1000 > 1000 > 1000 > 1000 > 1000 > 10070 > 1000 > anfea d
(86'S6—5'97) (€0'6L-01'T7)  (STT1T-109) (LLy01-€09L)  (TTTIE-S6'6E) (86°08-0%'6) (T6¥97—20'18) (YO ¥81—TS'LS) (1D %56)
LY°0S 80 0g' 1T - ¥TT8C 62021 8S°LT - 1941 687201 - 04d sA J0
(%) u(1°0)
1,(S°08) 01¢€ 1 (SL) 16T 1(9'1P) 661 (L9) €1 1,(T€8) T6T 1(6'TL) €T 1(09¢) 6T1 (k% (8'18) ¥5€ 1#9L) 0gg (T9) ¥1 VDds
(vDds) sisertosd jo A)11oaag
($8¢ = N) (98¢ = N) @e =N (€61 =N) (ISE = N) (Lve = N) (891 = N\ (€er = N) ey =N) (Igh =N)
MTO 089XI MO 089XI NIg odd MTO 089XI MPO 089XI  (8S¢ = N) NILF odd MTO 089XI MPO 08dXI odd
€-4HAODNN T-4AAODNN [-4HAODNN jurodpug

(Om 71 ‘uonerndod jean-oj-uonuojur) syurodpud [edrurd 1oy synsar Arewnd jo Arewrwng [ d[qeL

A\ Adis



Ixekizumab for Treating Moderate-to-Severe Plaque Psoriasis

921

to DLQI. The ERG notes that there is no agreed consensus
on diagnostic criteria or tests available to set a threshold
between moderate and severe in current clinical guidelines.
According to the clinical expert the ERG consulted, a PASI
score of more than 10 (or 12) is used as the threshold for
moderate/severe psoriasis combined when using systematic
therapy rather than topical therapy.

Furthermore, the ERG identified a few issues in the
systematic review process. It was unclear whether any
language restrictions were used when searching for rele-
vant literature. Similarly, the CS did not report sufficient
information to determine whether the extracted data were
assessed for accuracy. Ideally, the UNCOVER trials should
have included some relevant measures to detect clinical
improvement of facial psoriasis.

3.2 Cost-Effectiveness Evidence Submitted
by the Company

A de novo Markov state-transition model (monthly cycle
time) was developed in Visual Basic for Applications
(VBA) with a Microsoft Excel interface. The economic
evaluation used the perspective of the NHS. Utilities and
costs were discounted at 3.5% over a lifetime time horizon.
The model consists of four treatment-related health states:
induction (trial) period, maintenance, BSC and death
(Fig. 1). At the end of the induction period, PASI response

Induction
period
month 2

Induction
period
month 1

Induction
period
month 3

Maintenance
period

Induction
period
month 2

Induction
period
month 1

categories are used to determine the utility gain experi-
enced in the maintenance state. Patients who meet the
minimum response criterion of PASI 75 in the CS base
case (i.e. 75% reduction in the PASI score) continue
treatment in the maintenance state. If patients do not have
an adequate level of response, they enter another induction
period upon initiating the next treatment line, either active
treatment or BSC. Annual treatment discontinuation in the
maintenance health state is assumed to be equal across all
treatments.

The model structure (Fig. 1) was designed to compare
treatment sequences (instead of individual treatments).
Each treatment sequence considered in the model consists
of three biological treatments followed by BSC (Table 2).
The biological treatments included are: adalimumab,
etanercept, ustekinumab, secukinumab and infliximab. The
ordering of the biological treatments was based on market
share, with the assumption that treatments are not repeated,
and alternated in terms of mechanism of action. Ixek-
izumab was only modelled as a first-line treatment. The
base-case economic evaluation considers biological-naive
patients who have not responded to prior conventional
systemic therapies, and are eligible for biological therapies
approved in the UK, i.e. as a first-line biological therapy.

The difference between treatment sequences is driven by
a difference in PASI response (which determines the pro-
portion of patients eligible for maintenance treatment, and

Induction
period
month 3

Maintenance
period

Induction
period
month 1

Induction
period
month 2

Induction
period
month 3

Maintenance
period

Fig. 1 Model structure. *Arrows to the death state from all other states are removed to simplify the figure. BSC best supportive care
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Table 2. Overview of treatment Sequence First line Second line Third line Fourth line
sequences considered in the
company submission base case A Ixekizumab Ustekinumab 90 mg Infliximab BSC

B Adalimumab Ustekinumab 90 mg Infliximab BSC

C Etanercept 50 mg Ustekinumab 90 mg Infliximab BSC

D Infliximab Ustekinumab 90 mg Adalimumab BSC

E Secukinumab Ustekinumab 90 mg Infliximab BSC

F Ustekinumab 45 mg Adalimumab Infliximab BSC

G Ustekinumab 90 mg Adalimumab Infliximab BSC

H* Adalimumab Ixekizumab Infliximab BSC

BSC best supportive care

“This sequence was added by the Evidence Review Group

hence utility gain and costs of treatment) and a difference
in costs of single treatments. The PASI response for each
single treatment was based on the absolute probabilities of
achieving a>75% (>50 and>90% used in sensitivity
analyses) reduction in PASI estimated in the NMA. The
PASI response of BSC was based on the placebo groups in
the trials included in the NMA. It is assumed that the PASI
response of a treatment is not influenced by the position of
the treatment in the treatment sequence.

Utility gains associated with a PASI response were
estimated using regression analysis on EQ-5D-5L data
obtained from a subset of patients with DLQI>10 at
baseline in the UNCOVER trials. For all patients who
discontinued the study before the end of the induction
period (week 12), the last EQ-5SD-5L value, if collected at
the visit prior to discontinuation, was used as a proxy for
the week 12 value using the last-observation-carried-for-
ward method [9, 10]. In the case that no previous post-
baseline observations were available, missing values were
not imputed.

The following healthcare costs were considered (cost
year = 2016): drug costs, drug administration costs,
monitoring costs (during the induction and maintenance
periods), non-responder costs and BSC costs. Adverse
event costs were not considered in the base-case analysis
but included in a scenario analysis (adverse events entailed
malignancies and severe infections). Drug costs were
mostly based on list prices, except for ustekinumab 90 mg.
The biosimilar prices of etanercept and infliximab were
used in the company base-case analysis. Best supportive
care costs (applied after not responding to three biological
treatments) were assumed to equal the healthcare costs
incurred by a biological-naive patient population.

As labelled by the company, base-case results (Table 3)
were provided for biological-naive patients with prior
systemic non-response and moderate-to-severe psoriasis
(PAST> 10 and DLQI>10). The incremental cost-effec-
tiveness ratio (ICER) for the ixekizumab sequence vs. the
etanercept sequence was £32,541 (probabilistic results) per
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quality-adjusted life-year (QALY) gained. Other treatment
sequences were dominated (secukinumab sequence) or
extendedly dominated by the ixekizumab sequence. The
results of the probabilistic sensitivity analysis showed that
the etanercept sequence and the ixekizumab sequence have
the highest probabilities of being cost effective. The etan-
ercept sequence was the most cost-effective treatment
sequence up to a willingness-to-pay threshold of £34,000
per QALY gained. For a willingness-to-pay threshold
above £34,000 per QALY gained, the ixekizumab sequence
had the highest probability of cost effectiveness.

The most influential parameters in the deterministic
sensitivity analyses of the ixekizumab vs. the etanercept
sequence were drug costs, discount rates (both costs and
QALYSs) and the annual treatment discontinuation rate. In
the deterministic sensitivity analyses of the ixekizumab vs.
the secukinumab sequence, PASI 75 response rates for both
ixekizumab and secukinumab were the most influential
parameters.

3.2.1 Critique of Cost-Effectiveness Evidence
and Interpretation

The ERG agrees that the treatment sequencing approach is
superior to comparing single treatments. Apart from the
treatment sequencing approach and modelling the 100%
PASI response as a separate category, the model structure
is similar to models used in previous technology appraisals.
Although common in this field, the ERG questioned the use
of a relative PASI response to model the cost effectiveness
as it may not reflect true differences in costs and health-
related quality of life between treatments and treatment
sequences. Regarding the model structure, the ERG also
questioned the exclusion of the consequences of adverse
events, the assumption of no utility gain in the induction
phase and equal annual discontinuation rates for all treat-
ments. Perspective, time horizon and discounting are in
accordance with the NICE reference case.
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Table 3 Overview of incremental analyses for company submission (CS) base case and Evidence Review Group (ERG) base case (probabilistic

results) Source: ERG report [2] Table 5.26

Sequence

Total costs (£)

Total QALY gained

Incremental costs (£)

Incremental QALY's

ICER (£) fully incremental

CS base case

C: ETN sequence 145,831 1.302 - - -

F: UST45 sequence 149,493 1.341 3661 0.039 Extendedly dominated
B: ADA sequence 149,587 1.354 3756 0.052 Extendedly dominated
G: UST90 sequence 149,966 1.357 4134 0.055 Extendedly dominated
D: INF sequence 151,894 1.362 6063 0.060 Extendedly dominated
A:IXE sequence 151,972 1.491 6141 0.189 £32,541

E: SEC sequence 179,702 1.457 33,871 0.155 Dominated

ERG base case

C: ETN sequence 147,438 1.345 - - -

H:ADA-IXE sequence 150,574 1.468 3136 0.123 25,532

F: UST45 sequence 151,103 1.389 3665 0.044 Dominated

B: ADA sequence 151,311 1.405 3874 0.060 Dominated

G: UST90 sequence 151,629 1.408 4191 0.063 Dominated

A: IXE sequence 153,356 1.539 5918 0.194 39,129

D: INF sequence 153,613 1.412 6175 0.066 Dominated

E: SEC sequence 176,999 1.504 29,561 0.159 Dominated

ADA adalimumab, ETN etanercept 50 mg, /CER incremental cost-effectiveness ratio, INF infliximab, IXE ixekizumab, QALYs quality-adjusted
life-years, SEC secukinumab, UST45 ustekinumab 45 mg, UST90 ustekinumab 90 mg

The population in the base-case analysis was labelled by
the company as biological-naive patients with prior sys-
temic non-response and moderate-to-severe psoriasis
(PASI > 10 and DLQI > 10). This is not fully in line with
the scope, nor is it fully in line with the populations used to
estimate values for input parameters. According to the
ERG, the base-case analysis reflects a population for whom
biological treatment is considered. Part of this population
will be biological naive and the majority of these patients
will have not responded to prior systemic treatment. In the
UNCOVER trials combined (used to estimate input
parameters), 74% were biological naive and only 36% of
the patients had never used previous systemic therapies.

Although the ERG acknowledges that the submission
could not possibly include all possible treatment sequences,
the ERG thinks it is especially important to also consider a
treatment sequence in which ixekizumab is a second-line
treatment instead of a first-line treatment. According to the
clinical expert consulted by the ERG, currently, clinicians
would likely be inclined to use ixekizumab as a second line
of therapy because more experience and safety data are
available for tumour necrosis factor-o inhibitors and
ustekinumab than for ixekizumab.

The PASI response was obtained from the NMA, and all
usual caveats apply to the validity of comparative effec-
tiveness estimates derived with this methodology. In
addition, the ERG concludes that the populations included

in the trials, considered in the NMA, may not fully reflect
the population in the scope, as it was impossible to perform
the NMA on patients with PASI > 10 and DLQI > 10. The
assumption that BSC after three lines of biological treat-
ment equals placebo alongside a (mostly first-line) bio-
logical is questionable. It seems however plausible to
assume that the treatment response to BSC in that setting
(i.e. after failure to three biological therapies) will be very
modest. It is debatable to assume that discontinuation is
equal across all treatments, but reliable data to inform
treatment specific discontinuation rates were lacking.

The ERG considered the utility estimates used by the
company as uncertain for the following two reasons. First,
one regression model was fitted, and alternative models
were presented upon request. However, performance and
diagnostic statistics were not provided. Hence, the ERG
was unable to determine whether the model that was used
to determine utility gain per PASI response category is the
optimal one. Second, the ERG questions the use of the last-
observation-carried-forward method to impute values for
patients who discontinued. Because of the number of
patients this concerned and the reasons for discontinuation
are unknown, the ERG was unable to assess the impact of
this assumption. Additionally, although the ERG agrees
with the use of the subset of patients with DLQI>10 at
baseline from UNCOVER to estimate utility gain, as it
describes the population in the scope better, the ERG is
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concerned about the inconsistency with the use of the total
intention-to-treat population for calculating the PASI
response.

In general, the ERG considers the costs as consistent
with previous technology appraisals and adequate for the
current decision problem. An area of concern is the costs of
BSC. There is a lack of evidence on the costs of BSC in
patients who have not responded to three biological ther-
apies, which renders the estimate uncertain. In addition, the
ERG identified errors in the CS base case, which were
altered in the ERG base case (see below for more details).

3.3 Additional Work Undertaken by the Evidence
Review Group

The ERG defined a new base case that included multiple
adjustments to the original base case presented in the CS.
The ERG fixed errors in the calculation of adverse event
rates and costs, considered lower and upper quartiles of
NHS reference costs to calculate standard errors for use in
the PSA, corrected the number of secukinumab adminis-
trations during the maintenance period and used linear
utility gains during the induction period instead of no gain
during the induction period. In addition, the ERG added a
treatment sequence, with ixekizumab as second-line ther-
apy (ADA-IXE: Adalimumab >ixekizumab > biosimilar
infliximab > BSC). Adalimumab has been chosen as the
first-line therapy in this sequence as it had the largest
market share for the first-line therapy of patients with
psoriasis in 2014 according to the company.

Fixing errors increased the costs of all comparators, and
applying linear utility gain in the induction period
increased QALY for all treatment sequences. In the ERG
base-case incremental analysis (Table 3), the ADA-IXE
sequence has an ICER of £25,532 per QALY gained vs. the
etanercept sequence, and the ixekizumab in the first-line
sequence has an ICER of £39,129 per QALY gained
compared with ADA-IXE (i.e. ixekizumab in the second-
line sequence). The ADA-IXE sequence has a probability
of being cost effective of 22.8% at a threshold of £20,000
per QALY gained, and 52.9% at a threshold of £30,000 per
QALY gained. This is 2.8 and 13.2%, respectively, for
ixekizumab in the first-line sequence.

Additional exploratory sensitivity analyses were per-
formed to examine the potential impact of various alter-
native assumptions. All exploratory analyses increased the
ICER of the ixekizumab treatment sequence (in the full
incremental analysis), except when the BSC costs were
increased. In each fully incremental analysis, ADA-IXE
was compared with the etanercept sequence, followed by
ixekizumab as first-line therapy compared with ADA-IXE.
All other comparators were (extendedly) dominated. The
largest impact on the ICER was observed when using the
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intention-to-treat population from the UNCOVER trials to
calculate utility gain per PASI response category. This
increased the ICER of the ADA-IXE sequence vs. the
etanercept sequence to £36,314 per QALY gained, and the
ICER of ixekizumab in the first-line sequence vs. ADA-
IXE to £55,243 per QALY gained.

It should be noted that secukinumab is available in the
NHS under a confidential patient access scheme price
arrangement. Consequently, the analyses presented in the
current report do not represent the true value for money of
secukinumab.

3.4 Conclusion of the Evidence Review Group
Report

The evidence regarding clinical effectiveness was based on
three randomised controlled trials comparing the efficacy
and safety of ixekizumab to placebo in patients with
moderate-to-severe plaque psoriasis. In addition, the
UNCOVER-2 and UNCOVER-3 studies included an active
comparator (etanercept) arm. The data available indicate
that ixekizumab is more efficacious in the treatment of
moderate-to-severe plaque psoriasis in adults than placebo
and etanercept. There were statistically significant increa-
ses in static Physician Global Assessment (0,1) and PASI
75 response rates for patients treated with ixekizumab
compared with placebo at week 12 (p<0.001 for all
comparisons). Furthermore, the improvements in PASI
response rate appeared to be maintained for up to 60 weeks
during the long-term extension period. Health-related
quality of life improved compared with baseline in sig-
nificantly more patients with ixekizumab than with placebo
and etanercept. The relative performance of ixekizumab in
difficult-to-treat areas, including nails, scalp and palmo-
plantar areas, is broadly more efficacious than placebo and
etanercept. However, the improvement of psoriasis symp-
toms of the face, which is included in the final scope, has
not been reported in any of the UNCOVER studies. Ixek-
izumab was generally well tolerated in the UNCOVER
trials.

It should be noted that the populations in the
UNCOVER trials and the other studies used to inform the
NMA were not fully in line with the final scope. In the CS,
moderate-to-severe psoriasis was defined as a total PASI
score of 10 or more and a DLQI score of more than 10.
However, the patients recruited in the UNCOVER trials
were those with PASI scores of more than 12 and no
restriction related to DLQI. The patients recruited in the
NMA trials were not always those with PASI scores of 10
or more and their baseline DLQI scores were not clear.

The economic model described by the company is
considered by the ERG to meet the NICE reference case for
most part. The model structure is similar to models that
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were submitted in previous assessments and models
described in the literature. Although common in this field,
the ERG questions the use of relative PASI response to
model the cost effectiveness as it may not reflect true dif-
ferences in costs and health-related quality of life between
treatments and treatment sequences. The model uses a
treatment sequencing approach, which the ERG regards as
superior to comparing single treatments. In the CS base-
case analysis, it is assumed that treatment response does
not depend on the position in the treatment sequence.
Although it is suggested by clinical experts that this may be
the case for treatment with different mechanisms of action,
or when patients discontinue because of intolerance, this
remains an area of uncertainty.

The company’s base-case analysis resulted in an ICER
of £32,541 per QALY gained (probabilistic results) for the
ixekizumab sequence vs. the etanercept sequence. Other
treatment sequences were dominated (secukinumab
sequence) or extendedly dominated by the ixekizumab
sequence. In the ERG base case, the sequence with ixek-
izumab as a second-line treatment after adalimumab
(ADA-IXE) had an ICER of £25,532 per QALY gained vs.
the etanercept sequence, and the ixekizumab in the first-
line sequence had an ICER of £39,129 per QALY gained
compared with ADA-IXE (probabilistic results). Explo-
rative analyses showed that alternative assumptions
regarding the population to derive utility estimates and
costs of BSC were most influential.

4 National Institute for Health and Care
Excellence Guidance

On April 26, 2017, NICE recommended ixekizumab as an
option for treating adults with severe plaque psoriasis (i.e.
PASI > 10 and DLQI > 10) if the disease has not responded
to standard systemic therapies, these therapies are con-
traindicated or the person cannot tolerate them. Moreover,
ixekizumab treatment should be stopped after 12 weeks if
the psoriasis has not responded adequately (i.e. 75%
reduction in the PASI score or a 50% reduction in the PASI
score in combination with a 5-point reduction in the DLQI
score) and is authorised only when the company provides
the discount agreed in the patient access scheme [3].

4.1 Consideration of Clinical Effectiveness

One issue discussed by the AC was that the trials included
patients with a PASI score of 12 or more while previous
appraisals of technologies for treating psoriasis defined a
PASI score of 10 or more as severe disease. According to
clinical experts, patients being considered for biological
treatment tend to have a PASI score of 10, 12 or more.

Therefore, the patients in the UNCOVER trials were rep-
resentative of NHS patients considered for biological
treatment. Furthermore, although previous treatment for
trial participants varied, the populations of the UNCOVER
trials were likely to be generalisable to patients in the NHS
who would be considered for biological treatment. Overall,
the AC concluded that the patients included in the
UNCOVER trials were appropriate for decision making on
the clinical effectiveness of ixekizumab [3].

The AC noted that the dose of etanercept administered
in the trials was double that which is recommended in
previous NICE’s technology appraisal guidance (on etan-
ercept and efalizumab for the treatment of adults with
psoriasis) [11]. This dose was considered to be more
effective than lower doses of etanercept, i.e. the odds ratios
could underestimate the treatment effect of ixekizumab
compared with etanercept. Nevertheless, the AC concluded
that ixekizumab was more clinically effective than placebo
and etanercept [3].

Three uncertainties related to the NMA were considered
by the AC:

1. Trials of secukinumab that had not been included in
the secukinumab appraisal [12] were part of the NMA.

2. It was uncertain how generalisable the results of the
NMA were to ixekizumab being given as a first or
second biological treatment in a sequence of biological
treatments as a mixture of people who had and had not
already had biological treatments were included in the
trials

3. Results in the British Association of Dermatologists’
Biologic Intervention Register [13] showed higher
PASI scores for adalimumab compared with the CS.

The AC acknowledged that relative treatment effects
rather than registry data are used in the NMA and that
patients in the registry may differ from those included in
the trials. Noting that the ERG highlighted the NMA results
being in line with previous technology appraisals for pso-
riasis, the AC considered the NMA to be the more reliable
source for decision making.

Based on the NMA, the AC concluded that ixekizumab
was more clinically effective than adalimumab and ustek-
inumab, and agreed it was likely that ixekizumab was
similarly effective compared with secukinumab and
infliximab [3]. Regarding tolerability, the AC concluded
that ixekizumab was similar to other biological treatments
approved for treating psoriasis [3].

4.2 Consideration of Cost Effectiveness
The AC noted that the ERG considered the model struc-

ture, reflecting treatment sequences, to be better than
comparing individual treatments as it more closely
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resembles clinical practice. The AC concluded that the
company’s model structure reflected clinical practice. The
AC recognised that the treatment sequences presented did
not cover all possible sequences but concluded that the
sequences included by the company in its economic model
reasonably represented current NHS practice.

The AC noted that the CS base-case incorporates utility
gains during the maintenance period of treatment, but not
during the induction period. Given that the AC heard (from
both the ERG and the company) that ixekizumab is asso-
ciated with a rapid response, it concluded that it would be
appropriate to include utility gains for ixekizumab during
the induction period (consistent with the ERG base case).

Although the AC considered the model structure,
reflecting treatment sequences, to be reflective of clinical
practice, it considered that including potentially non-cost
effective comparators within sequences of treatments could
result in misleading ICERs. Therefore, the AC considered
the pair-wise comparisons of single-line biological therapy
vs. BSC, which the ERG used to cross-validate the CS
model, in its decision making. The AC noted that pairwise
comparisons of the other biological treatments compared
with BSC gave ICERs in the range of £46,000-£74,000 per
QALY gained, while for ixekizumab this resulted in an
ICER of £41,000 per QALY gained. The AC therefore
concluded that the cost effectiveness of ixekizumab for
treating moderate-to-severe plaque psoriasis was similar to
that of other biological treatments, already recommended
in previous NICE guidance, when compared with BSC.
The committee concluded that the ICER was within the
range that could be considered a cost-effective use of NHS
resources.

5 Key Methodological Issues

In the plaque psoriasis disease area, PASI is the most used
(primary) outcome in clinical trials. Consequently, it might
be convenient to reflect this outcome in the model structure
(i.e. data-driven model structure). There is however an
important drawback associated with using PASI in the
model structure. In health-state transition models, the
health states are assumed to be homogeneous with regard
to consequences for health and costs. When relative mea-
sures are used to define health states, this aspect may well
be violated. Patients in a specific PASI relative response
state may differ substantially with regard to health-related
quality of life, further disease progression as well as
resource consumption. For instance, PASI 75 corresponds
to an improvement of 75% (i.e. 75% reduction in PASI
score); this might entail going from a PASI score of 100 to
25 or from 40 to 10. The possible implication of this
approach is that the true impact of a treatment on quality of
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life and costs is not captured (e.g. given that the impact
might be different for the two aforementioned examples)
and hence results in biased cost-effectiveness estimates.
The use of relative outcomes in the model structure is not
restricted to the plaque psoriasis disease area; for instance,
a 50% reduction in seizure frequency is used in the field of
epilepsy. Therefore, it is important to emphasise the limi-
tations of this approach and ideally use alternative
approaches.

Another issue related to the modelling approach is the
use of treatment sequences. Although this approach might
reflect clinical practice more closely compared with mod-
elling single treatments, the amount of possible treatment
combinations made it unfeasible to consider all potential
treatment sequences. Hence, it is reasonable to compare a
selection of treatment sequences, but selecting these
sequences based on market share may not be the best
option. Additionally, the AC also considered that this
approach, including potentially non-cost-effective com-
parators within sequences of treatments, could result in
misleading ICERs. This emphasizes the importance of
carefully considering the treatment sequences being
assessed.

Finally, the company programmed its model in the VBA
code. The variables used in the VBA code were, however,
not defined, nor linked to the CS. In addition, the VBA
code contained multiple references requiring ‘cell chasing’
[14] to examine the implementation of the model. This
severely hampered the transparency. Upon request by the
ERG, the company provided a full list of the parameter
names used in the Excel model, the VBA code and the
description in the CS. This was helpful in gaining under-
standing of the technical implementation of the model.
Nevertheless, owing to time constraints, the complexity
and lack of transparency of the model, the ERG was unable
to implement all analyses that it planned to implement.
This illustrates the importance of transparency and docu-
menting the technical implementation of the model to
facilitate model scrutiny by external and/or internal
reviewers.

6 Conclusions

This article describes the single technology appraisal con-
sidering ixekizumab for the treatment of moderate-to-sev-
ere plaque psoriasis. Although multiple methodological
reservations can be made regarding the approach to esti-
mate the cost effectiveness, the committee concluded that
the ICER of ixekizumab vs. BSC was within the range that
could be considered a cost-effective use of NHS resources.
Therefore, ixekizumab was recommended as an option for
treating plaque psoriasis in adults if (1) the disease is
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severe (PASI > 10 and DLQI > 10); (2) the disease did not
respond to standard systemic therapies (or these treatments
are contraindicated) and; (3) the company provides ixek-
izumab with the agreed discount.
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