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Abstract

Objectives:Whether the effects of therapies may wane over time is a matter of debate, especially
when considering their long-term cost-effectiveness. Here, we examined how the assumption of
the waning of treatment effect was applied across the National Institute for Health and Care
Excellence (NICE) appraisals for disease-modifying therapies (DMTs) used inmultiple sclerosis.
Methods: We undertook a document analysis following a search of the NICE website. The
inclusion criteria of the study were as follows: all publicly available documents related to
completed appraisals for DMTs (period: January 2000 to July 2021). The exclusion criteria of
the study were as follows: all documents that did not meet the inclusion criteria, especially
pertaining to drugs used in other disease areas. We extracted information about the waning of
treatment effect assumption as considered by companies, assessment groups, and appraisal
committees, and we analyzed trends over time.
Results:We reviewed fifteen appraisals that reported guidance on sixteen DMTs. Irrespective of
the drugs’mechanism of action or their pharmaceutical nature, there was substantial variation in
the modalities when the assumption of waning was implemented. We noted the recent
preference to use all-cause discontinuation as a proxy. This heterogeneity did not appear to
affect acceptance of theDMTs (all but onewere recommended for use across theNationalHealth
System (NHS)).
Conclusions: Modeling the long-term effect of therapies is challenging, especially given the
limited follow-up duration of related trials. This generates recurrent debates on the presence of
waning of treatment efficacy and heterogeneity across appraisals. More refined recommenda-
tions obtained by consensus among stakeholders could help to achieve greater consistency in
decision making.

Introduction

Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system with
typical onset between the ages of 20 and 40 years. MS affects approximately 2.5 million people
globally, with one in every 500 people in the UK living with MS (1). People living with MS are at
an increased risk of mortality compared to the general population, and may also experience
broader impacts on their lifestyle, health, and well-being. MS not only impacts the individual’s
health-related quality of life but also that of their caregivers.

The availability of disease-modifying therapies (DMTs) has led to an evolving scene in patient
management. DMTs decrease the frequency of relapses and their associated disability and may
also delay underlying disease progression. Over the last 20 years, a broad spectrum of DMTs has
become available, ranging from the earlier beta-interferon and glatiramer acetate to the latest
generation of drugs, such as oral agents (dimethyl fumarate, teriflunomide) and humanized
monoclonal antibodies. Several DMTs have been recommended in the UK for people with
different forms ofMS (relapsing–remitting (RRMS), primary progressive (PPMS), and secondary
progressive (SPMS). All but one of these have been recommended as cost-effective for use in
defined subpopulations by the National Institute for Health and Care Excellence (NICE) through
its technology appraisal process (2).

NICE relies on economicmodeling to aid in decisionmaking about how to allocate healthcare
resources within a constrained budget. The purpose of modeling is to structure clinical and
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economic evidence in a form that can be used to inform decisions
about clinical practices and the allocation of limited resources to
achieve maximum benefits for the population (3). As part of the
technology appraisal process, drug manufacturers present submis-
sions with clinical and economic evidence to support and demon-
strate the clinical and cost-effectiveness of their intervention
compared to other recommended treatments. This evidence is
critically appraised by an independent external assessment group,
which provides an unbiased report to NICE, highlighting concerns
(2).

One such concern is the assumption about whether the treat-
ment effect may wane over the time horizon of the economic
models. This issue is frequently debated during NICE technology
appraisal committee meetings, especially when appraising DMTs.
Waning of treatment benefit may exist while on treatment, but in
the context of this work, we consider waning of the treatment effect
as any decrease in benefit during continued treatment and/or
reduction in sustained or differential benefit following discontinu-
ation of treatment when supposed benefit is extended beyond the
observation period. Economic models usually extend well beyond
the time when treatment with DMTs has ceased and well beyond
randomized-controlled trial (RCT) and observational data collec-
tion periods. Implementing an assumption of waning of the treat-
ment effect is therefore lacking in evidence; however, it may have
substantial impacts on the accrual of both costs and quality-
adjusted life years (QALYs), and therefore on the key metric for
decision making, the incremental cost-effectiveness ratio (ICER)
for a new drug when compared to current therapies. A clear need
exists to support either inclusion or exclusion of treatment waning
of DMTs in future economic analyses where clear evidence does not
exist. To understand the application of waning assumptions in real-
world policy decision making and consider future recommenda-
tions, we reviewed all committee papers (technology appraisals/
assessments and external assessment group reports) of DMTs
recommended by NICE, and to summarize whether and how
waning of the treatment effect has been included in the model-
based economic analyses. We summarize the impact of this
assumption on decision making across NICE appraisals of DMTs.

Methods

We conducted a document analysis to review all model-based cost-
effectiveness analyses of DMTs appraised by NICE, which was
undertaken based on a search on the NICE website.

There was no prior conceptual framework to this research work
which was initiated by the two lead authors (XA and PA) based on
their experience with appraisals for DMTs.

Three reviewers (XW-S, XA, and PA) screened documents that
met the following inclusion criteria: all committee papers, appraisal
consultation documents (ACDs), final appraisal documentation
(FAD), and guidance for DMTs appraised by NICE for the treat-
ment of people living with RRMS, PPMS, or SPMS, undertaken
from January 2000 up to July 2021.

The exclusion criteria of the study were all documents that did
notmeet the inclusion criteria, especially those related to drugs used
in other disease areas, or those on DMTs that were ongoing at the
time the searched ended (July 2021).

We scrutinized the references included in the company’s sub-
missions and assessment groups’ reports and contacted experts in
the field to ensure the completeness of the information. Given the
nature of this review, we have not searched common electronic

databases, as we envisaged that all committee papers/submissions
would be stored on the NICE website. Similarly, we did not
undertake any grey literature searching since, as far as we are
aware, the process set up by NICE ensures comprehensive and
transparent publication of technical documents used for decision
making (4). The reference lists from submissions/evidence review
group (ERG) reports were checked for previous technology
appraisals.

Study selection strategy and data extraction

Three reviewers (XW-S, XA, and PA) screened the titles of all
committee papers. Any disagreements between the reviewers were
resolved by discussion or by recourse to a fourth reviewer (MC).
The study flow and reasons for the exclusion of submissions are
documented in the flow diagram (Figure 1).

We have not undertaken a formal reporting/methodological
quality assessment because the economic analyses reported in the
companies’ submissions have been appraised by external assess-
ment groups and NICE appraisal committees. Data were extracted
using a prepiloted data extraction form, by one reviewer and cross-
checked for accuracy by a second reviewer. Any disagreements were
resolved by discussion or by recourse to a third reviewer. We
extracted data on whether the company included the assumption
of waning of the treatment effect in their economic analysis and, if
so, how it was implemented. Additionally, we extracted whether the
assumption had been included in the external assessment groups
analyses and their justification for this. We also extracted the NICE
appraisal committees’ preference along with their justification for
dealing with the assumption of waning of the treatment effect
of DMTs.

Reviewers extracted relevant information from the committee’s
papers, including the application of the treatment effect (confirmed
disability progression (CDP) and annualized relapse rate), if wan-
ing of the treatment effect had been included in the analysis (if so, in
the base-case and/or scenario analysis), and waning applied to the
treatment effect (CDP and/or annualized relapse rate).

Any disagreements between reviewers were resolved by discus-
sion of recourse to a fourth reviewer (MC).

Results

The search of the NICE website identified 134 records covering
guidance, NICE advice, news, and research recommendations. One
additional relevant record was identified through other sources.
Based on titles and brief summaries, 120 records were excluded,
with fifteen records (5–19) considered relevant. Full details of the
selection process and reasons for exclusion are presented in
Figure 1. We identified thirteen single-technology appraisals
(STAs) (5–7;9–15;17–19) and two multiple technology assessment
(8;16) reporting guidance on 16 DMTs for the treatment of people
living with MS in the UK. Details of the documents available for
each appraisal and or assessment are reported in Table 1.

Across the three types of MS, we identified twelve appraisals
undertaken for the treatment of people living with RRMS only (5–
8;12–15;17–20) and one for RRMS and SPMS, (16) PPMS only (10)
and SPMS only (11). Fifteen DMTs were recommended and one
DMTwas not recommended (18). OneDMT (15)was subsequently
withdrawn by the company due to safety concerns. Nine DMTs
were categorized as biological drugs and seven as nonbiological
drugs. Of the DMTs categorized as a biological drug, six were
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humanized monoclonal antibody drugs and the remaining three
were recombinant proteins (beta-interferons).

The characteristics of the company submissions are summar-
ized in Table 1.

All companies undertook an economic evaluation using a Mar-
kov model to determine the cost-effectiveness of DMTs for treating
adults living with MS. All submissions reported cost-effectiveness
in terms of cost per QALY.

Companies’ approaches to waning of the treatment effect

Consistent with the NICE reference case, all economic analyses
were undertaken over a lifetime horizon using annual cycle lengths,
and all undertook their analyses from the NHS and personal
social services perspective. Nine submissions (5–7;9;13–15;17;18)
included an assumption of waning of the treatment effect in their
economic analyses. Four of those (5;6;17;18) included this assump-
tion in their base-case analysis and in scenario analyses. Five
(7;9;13–15) included the assumption in their scenario analyses
only. Two studies (11;19) stated that treatment discontinuation
could be considered as a proxy for waning of the treatment effect.
Four (8;12;16;21) submissions did not consider waning and/or
specifically stated that waning was not a plausible consideration
or was not supported by evidence.

All companies that included the assumption of a waning of the
treatment effect in their original submission provided a rationale
for its inclusion. The most reported justifications were that this
assumption represented a conservative approach or that waning
was adopted to be in line with previous appraisals. Companies that
had not included the assumption of waning of the treatment effect
in their original economic analyses stated that there was no evi-
dence from their clinical trials or from follow-up studies that the
treatment effect of DMTs is likely to wane over time.

Table 1 shows that the majority of the company submissions
implemented the assumption by applying a stepped reduction to
the treatment effect (disability progression either confirmed at 3 or
6 months) for disease progression (for example, TA624 applied the
same reduction (Years 1–2: no waning, years 3–5: 25 percent
reduction and years 6þ: 50 percent reduction) across all DMTs
included in the economic analyses). We also noted that several
approaches as shown in Figure 1 were used by the companies to
implement waning of the treatment effect. It was assumed in TA656
(11) that treatment discontinuation could be used as a proxy for any
reduction in treatment effectiveness. We are unaware of any com-
pany submission that measured/reported treatment discontinu-
ation due to a perceived loss of treatment effect; many potential
reasons for treatment discontinuation exist, including disease pro-
gression, perceived lack of effect, adverse events, and rules about
treatment duration. For those companies that included an
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Figure. 1. Flow diagram.
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Table 1. Characteristics of the disease-modifying therapies submitted to NICE for appraisal

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

Beta
interferons
and
glatiramer
acetate,
2001;
Schering,
Biogen and
Teva/
Aventis;
TA32; MTA

EAG report School of Health
and Related
Research
(ScHARR)

RRMS and
SPMS

Both biological and
nonbiological
drugs included

No Not applicable No Not included in
ERG’s model. No
justification
provided

Unsure Unable to retrieve
appraisal
committee’s
documents

Natalizumab,
2007; Biogen
Idec; TA127;
STA

Committee
papers,
FAD

PenTAG Adults with
highly
active
RRMS

Biological drug;
Humanized
monoclonal
antibody

No Exclude- no
justification
provided

No Not included in
ERG’s model.

No justification
provided

Not discussed Not applicable

Fingolimod,
2012;
Novartis;
TA524; STA

Committee
papers,
FAD,
guidance

Centre for Reviews
and
Dissemination
(CRD) and
Centre for
Health
Economics
Technology
Assessment
Group (CHETAG)

Adults with
RRMS;
highly
active
MS and
rapidly
evolving
severe
MS

Nonbiological drug;
Not applicable

Yes, scenario
analyses

Reduction to the
CDP treatment
effect. Yr. 2þ:
50% reduction,
Yr. 2þ: 25%
reduction, Yrs.
5þ: 50%
reduction and
Yrs. 5þ: 25%
reduction. No
justification
provided

Yes,
scenario
analyses

Unclear.
Assumption
based on 1-yr
and 2-yr trial is
optimistic

It is appropriate to
assume a waning
of the treatment
effect from Yr. 6:
50% reduction in
the treatment
effect

The committee
agreed to
incorporate the
assumption of
waning of the
treatment effect
to be cautious. If
treatment effect
did not wane over
time would
overestimate the
company’s base-
case ICER

Dimethyl
fumarate,
2014; Biogen
Idec.; TA320;
STA

Committee
papers,
FAD,
guidance

Centre for Reviews
and
Dissemination
(CRD) and
Centre for
Health
Economics
Technology
Assessment
Group (CHETAG)

RRMS Nonbiological drug;
Not applicable

Yes, base-case
and
scenario
analyses

Reduction to the
CDP treatment
effect and ARR

Yes,
scenario
only

Reduction to CDP
treatment effect

The committee
noted that the
waning of the
effect applied by
the company
might have been
an overestimate
in the short-term.
However, given
the uncertainty
they thought a
cautious
modeling
approach was

The probabilistic
results were more
plausible, and the
comparison
between dimethyl
fumarate and
glatiramer
acetate, which
resulted in an
incremental cost
of approximately
£7200 and
incremental
benefits of 0.26,

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

appropriate. Yrs.
1–2: no treatment
waning; Yrs. 3–5:
25% reduction on
the treatment
effect, Yrs. 6
onwards: 50%
reduction to the
treatment effect
for disability
progression and
annualized
relapse rate

equating to an
ICER of
approximately
£27,700 per QALY
gained.

Yrs. 1–2: no
treatment waning;
Yrs. 3–5: 25%
reduction on the
treatment effect,
Yrs. 6 onwards:
50% reduction to
the treatment
effect for disability
progression and
annualized
relapse rate

Alemtuzumab,
2014;
Genzyme;
TA312; STA

Committee
papers,
FAD,
guidance

Southampton
Health
Technology
Assessment
Centre (SHTAC)

Adults with
active
RRMS

Biological drug;
Humanized
monoclonal
antibody

Yes, scenario
analysis
only

Reduction to the
CDP treatment
effect.

Yes,
scenario
analysis
only

Reduction to CDP
treatment
effect.

Yrs. 10þ: 25%
reduction and
Yrs. 6–9: 25%
reduction and
Yrs. 10þ: 50%
reduction. No
justification

Using a 25%
reduction in the
treatment effect
from year 3 to 5,
then a 50% from
year 6 onwards
for alemtuzumab
and other DMTs

Under the
committee’s
preferred
assumptions,
alemtuzumab
when compared
to glatiramer
acetate had an
ICER of
approximately
£13,600 per QALY.
The committee
further stated that
the most plausible
ICER lies between
£13,600 and
£24,500 per QALY
gained, and there
could be
considered a cost-
effective use of
NHS resources for
treating adults
with active RRMS

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

Teriflunomide,
2014;
Genzyme
(Sanofi);
TA303; STA

Committee
papers,
FAD,
guidance

Centre for Reviews
and
Dissemination
(CRD) and
Centre for
Health
Economics
Technology
Assessment
Group (CHETAG)

RRMS Nonbiological drug;
Not applicable

Yes, scenario
analysis
only

Reduction to the
CDP treatment
effect.

Yrs. 6þ: 25%
reduction and
Yrs. 6þ: 50%
reduction

Excluded from the
base-case based
on clinical
evidence

Yes,
scenario
analyses

Reduction to the
CDP treatment
effect.

TA 254 treatment
waning was an
issue
considered in
scenario
analyses by the
ERG to reflect
the uncertainty
about
projecting over
such a long time

Reduction to the
CDP treatment
effect

Yrs. 3–5: 25%
reduction, then Yr.
6: 50% reduction

The Committee
agreed that it was
important to
include in the
decision making
that the treatment
effect could
decrease over
time but, given the
uncertainty of
how much the
treatment effect
would wane, the
most plausible
ICER was likely to
lie between the
estimates that
included and
excluded the
modeled
treatment waning
effect.
Committee’s
preference: the
treatment effect
was 75% after 2 yr
and 50% after 5 yr

Daclizumab,
2017; Biogen
Idec.; TA441;
STA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
RRMS;
rapidly
evolving
severe
RRMS
and
highly
active
RRMS

Biological drug;
Humanized
monoclonal
antibody

Yes, scenario
analysis

Reduction to the
CDP treatment
effect.

Yrs. 10þ: 50%
reduction, Yr.
5þ: 50%
reduction, Yr.
5þ: 75%
reduction and
Yr. 2þ: 75%
reduction.

Excluded from
base-case
because of
clinical expert
opinion-

Yes,
scenario
analysis

Reduction to the
CDP treatment
effect.

Yr. 2: 25%
reduction and
Yr. 5: 50%
reduction

Reduction to the
CDP treatment
effect.

Yrs. 3–5: 25%
reduction, then
Yr6: 50%
reduction

The committee
agreed to
incorporate the
assumption of
waning of the
treatment effect
due to the
information
provided by the
clinical experts
about it is likely
that most
treatments for
multiple sclerosis
become less
effective over

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

reduction in
treatment
efficacy may be
a result of
disease
progression.

time, because the
person’s immune
system develops
neutralizing
antibodies, or the
disease becomes
more severe and
resistant to
treatment. Due to
the lack of
evidence about
the long-term
impact the use of
daclizumab, the
committee agreed
that it was
appropriate to
assume a
reduction in
treatment effect of
25% after 2 yr and
of 50% after 5 yr
because this was
consistent with
previous
appraisals
(alemtuzumab
and dimethyl
fumarate)

Beta interferon
and
glatiramer
acetate,
2018; Risk
Sharing
Scheme;
TA527; MTA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
rapidly
evolving
RRMS
and
highly
active
RRMS

Both biological and
nonbiological
drugs included

No Not applicable Yes, base-
case
analysis

Reduction to the
CDP treatment
effect.

Yrs. 11þ: 50%
reduction

Assumption
included in
accordancewith
the information
received from
the RSS, clinical
expert opinion
and

Reduction to the
CDP treatment
effect.

Yrs. 11þ: 50%
reduction

The committee
considered it
appropriate to
include a waning
of the treatment
effect and this
decision was
based on
information from
The Department
of Health and
clinical expert
opinion

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

committee’s
preferences

Ocrelizumab;
2018, Roche
Products
Ltd.; TA533;
STA

Committee
papers,
FAD,
guidance

Southampton
Health
Technology
Assessment
Centre (SHTAC)

Adults with
RMS

Biological drug;
Humanized
monoclonal
antibody

Yes, scenario
analyses

Included- Based
on clinical
evidence

Yes, base-
case
analysis

Reduction to CDP
treatment
effect.

Yrs. 2þ: 25%
reduction; Yrs.
6þ: 50%
reduction.

ERG suggested
that it is a
conservative
assumption and
in line with
previous
appraisals

Treatment
discontinuation
rates can be used
as a proxy for
treatment
waning. The
committee
concluded that
the treatment
effect of
ocrelizumab was
likely to wane in
the long-term.
The committee’s
preferred
assumptions are
different from the
company’s and
ERG’s base-cases.
Used treatment
stopping rates for
ocrelizumab and
all comparators
from the mixed
treatment
comparison in the
absence of
evidence for a
treatment waning
effect

The most
plausible
cost-effectiveness
estimates for
ocrelizumab
compared with all
relevant
comparators are
higher than those
NICE normally
considers an
acceptable use of
NHS resources. It
concluded that
the company’s
economic model
likely
overestimated
utilities for
patients with
rapidly evolving
severe disease.
Treatment
efficacy is likely to
wane over time
with ocrelizumab.
Stopping
treatment can be
considered a
proxy for
treatment waning.
The committee
concluded that
ocrelizumab was
not cost-effective
compared with
beta interferons,
dimethyl
fumarate,
glatiramer acetate
and teriflunomide

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

Cladribine;
2019, Merck;
TA616; STA

Committee
papers,
FAD,
guidance

Liverpool Reviews
and
Implementation
Group (LRiG)

Adults with
highly
active
RRMS

Nonbiological drug;
Not applicable

Yes, base-case
and
scenario
analyses

Reduction to CDP
treatment
effect.

Yrs. 0 to 2: no
waning of
treatment
effect; Yrs. 3 to 5:
25% reduction;
Yrs. 6þ: 50%
reduction

In line with
previous
appraisals and
due to the
absence of long-
term
information
about its clinical
effectiveness

Yes, base-
case and
scenario
analysis

Reduction to CDP
treatment
effect.

Yrs. 0 to 2: no
waning of
treatment
effect; Yrs. 3 to 5:
25% reduction;
Yrs. 6þ: 50%
reduction

In line with
previous
appraisals and
due to the
absence of long-
term
information
about its clinical
effectiveness

The Appraisal
Committee
concluded that
the company’s
evidence was
insufficient to
justify using a
different
treatment waning
assumption for
cladribine

The committee
noted that there
was no
statistically
significant
evidence to
support different
waning effects
and that patient
numbers used for
the analysis in the
subgroups were
very small. It
concluded that
the company’s
evidence was
insufficient to
justify using a
different
treatment waning
assumption for
cladribine

Ocrelizumab,
2019; Roche
Products
Ltd.; TA585;
STA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
PPMS

Biological drug;
Humanized
monoclonal
antibody

No Exclude- based on
clinical evidence

Yes, base-
case and
scenario
analysis

Reduction to CDP
treatment effect
and increasing
the
discontinuation
rate.

Yrs. 5þ: 50%
reduction

The assumption of
waning of the
treatment effect
was
conservative
and in line with
previous
appraisals

The Appraisal
committee
concluded that
the true waning of
treatment effect is
likely to lie
between the
company’s and
ERG’s updated
approaches, and
that exploring
assumptions of
treatment waning
from between 7 yr
and 10 yr is
reasonable

True waning effect is
likely between
company (no
waning) and ERG
(50% after 5 yr)

Peginterferon
beta-1a,
2020; Biogen
Idec; TA624;
STA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
RRMS

Biological drug;
Recombinant
proteins other
than monoclonal
antibody

Yes, base-case
and
scenario
analyses

Reduction to CDP
treatment
effect.

Yrs. 1 to 2: no
waning of

Yes, base-
case and
scenario
analysis

Reduction to the
CDP treatment
effect.

Yrs. 1 to 2: no
waning of

It is disappointing
that there is no
evidence to help
address gaps in
evidence on areas

The committee
concluded that it
was appropriate
to include some
treatment effect

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

treatment
effect; Yrs. 3 to 5:
25% reduction;
Yr. 6þ: 50%
reduction

In line with
previous
appraisals

treatment
effect; Yrs. 3 to 5:
25% reduction;
Yr. 6þ: 50%
reduction

The waning of the
treatment
effects modeled
by the company
is plausible

such as
generalizability,
treatment waning
and stopping
treatment

waning in the
model, and that it
would have been
more plausible to
assume
treatment-specific
rates rather than a
constant rate.
However, the
committee noted
that varying this
assumption (that
is, using a
constant rate for
all treatments, or
varying the rate by
treatment) did not
substantially
affect cost-
effectiveness
results. Because of
this, the
committee
accepted the
company’s base-
case assumption

Siponimod,
2020;
Novartis;
TA656; STA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
SPMS

Nonbiological drug;
Not applicable

No Exclude- in line
with previous
appraisals and
discontinuation
could be used as
a proxy

No Not included in the
ERG’s analyses

In line with
previous
appraisals and
discontinuation
could be used as
a proxy

Y11þ: 50% reduction it is appropriate to
model waning of
the effect of
treatment with
siponimod
(consistent with
NICE ‘s TA
guidance for
fingolimod)

Ofatumumab,
2021;
Novartis;
TA699; STA

Committee
papers,
FAD,
guidance

Warwick Evidence Adults with
RRMS;
rapidly
evolving
RRMS
and
highly

Biological drug;
Fully human
monoclonal
antibody

No Exclude-
Discontinuation
could be used as
a proxy. DMT is
fully human
monoclonal
antibody, and it
is unlikely that it

Yes, base-
case and
scenario
analysis

Reduction to the
CDP treatment
effect.

Yrs. 6–8: 25%
reduction, then
Y9þ: 50%
reduction

The ERG supports

Given the similarity
between
ofatumumab and
ocrelizumab, the
Appraisal
Committee
considered it
appropriate that

The committee
stated that this
was a difficult area
with limited
information and
concluded that in
this case
treatment

(Continued)
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Table 1. (Continued)

DMT(s), year,
company,
appraisal; Type
of appraisal

Source of
publication EAG/ERG Population

Category;
Name of
biologic agent

Was the
assumptionof
treatment
waning
included in
the
company’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the company’s
model? What was
the company’s
justification?

Was the
assumption
of
treatment
waning
included in
the ERG’s
base-case/
scenario
analysis?

Howwaswaning of
the treatment
effect included in
the ERG’s model?
What was the
ERG’s justification?

What were the
Appraisal
Committees
preference with
respect to waning of
the treatment
effect?

Appraisal committee
justification

active
RRMS

would lead to
formation of
neutralizing
antibodies

a precautionary
approach to use
a conservative
assumption

treatment
discontinuation
could be used as a
proxy for waning
of the treatment
effect

discontinuation
could be
considered a
proxy for waning
because of the
similarity between
ofatumumab and
ocrelizumab, with
both being anti-
CD20 monoclonal
antibodies

Ozanimod,
2021;
Celgene;
TA706; STA

Committee
papers,
FAD,
guidance

Liverpool Reviews
and
Implementation
Group (LRiG)

Adults with
RRMS

Nonbiological drug;
Not applicable

Yes, base-case
and
scenario
analyses

Reduction to CDP
treatment
effect.

Yrs. 0 to 2: no
waning of
treatment
effect; Yrs. 3 to 5:
25% reduction;
Yrs6þ: 50%
reduction.
Conservative
assumption and
in line with
previous
appraisals

Yes, base-
case
analysis

Reduction to CDP
treatment
effect.

Yrs. 0–2: nowaning
of treatment
effect; Yrs. 3 to 5:
25% reduction;
Yrs6þ: 50%
reduction

ERG was agreed to
company’s
approach to
including the
assumption of
waning of the
treatment effect

The Appraisal
Committee
concluded that
the company’s
model was
generally
appropriate and
in line with
previous models
in the disease
area and could be
used for decision
making

The committee
expressed
concern about the
treatment efficacy
of ozanimod for
reducing disability
progression by
stating that it is
unclear

CDP, confirmed disability progression; DMT, disease-modifying therapies; EAG, evidence assessment group; ERG, evidence review group; FAD, final appraisal documentation; MS, multiple sclerosis; PPMS, primary progressive multiple sclerosis; RRMS, relapsing–
remitting multiple sclerosis; SPMS, secondary progressive multiple sclerosis; STA, single-technology appraisal.
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assumption of waning, we sought to extract information to explore
the impact of this assumption on the ICERs. However, we were
unable to record this information from all appraisals as some of the
results had been redacted or the analysis was not undertaken
(8–11;15;18;19).

External assessment group approaches to waning of the
treatment effect

External assessment groups provided an independent critique of
the companies’ submissions as part of the NICE technology
appraisal process. We found that five different assessment groups
out of the nine assessment groups have critically assessed all DMTs
submitted to NICE (12;16). The external assessment groups agreed
that waning of the treatment effect was a concern and included it in
their base-case and scenario analyses. In the one submission that
did not include the assumption of waning of the treatment effect,
the external assessment group agreed with the company’s approach
that all-cause discontinuation could be used as a proxy for waning
of the treatment effect (11). External assessment groups justified
including the assumption in their base-case analysis in various ways
including consistency with waning of the treatment effect imple-
mented in previous appraisals; (9–11;17;18) as a precaution due to
the lack of evidence (9;10;13;14;17–19) from long-term studies that
could support an assumption that the treatment effect would be
sustained or that the effect does not wane over time; concordance
with clinical expert opinion or in accordance with previously
expressed appraisal committee’s preference (for RSS) (8).

Appraisal committees’ approaches to waning of the
treatment effect

Fourteen appraisals/assessments (5–11;13–19) were reviewed by
the NICEAppraisal Committee B and one (12) was appraised when
the Appraisal Committee was undifferentiated. In 11 appraisals
(5–8;10;11;13–15;17;18), the Committee preferred including the
assumption of waning of the treatment effect in their list of pre-
ferred assumptions ahead of decision making. Of the remaining
four appraisals/assessments, we were unsure in one appraisal (16) if
waning of the treatment effect was discussed, waning of the treat-
ment effect was not discussed in one appraisal (12) and in two

appraisals (9;19), the Appraisal Committee preferred that all-cause
discontinuation should be used as a proxy for treatment waning.
Figure 2 summarizes the committees’ preferences for implementing
an assumption of waning of the treatment effect over time. The
Appraisal Committees usually provided justification for including
or excluding waning of the treatment effect in their lists of preferred
assumptions. Examples of reasons for including waning of the
treatment effect encompassed: based on clinical expert opinion
(8;15) lack of evidence about the long-term impact of DMTs
(5;15); a cautious approach (14); treatment discontinuation rates
could be used a proxy (9); and in line with previous appraisals (11).

Discussion

Economicmodels should be built on the best available evidence, but
there will be instances where evidence is not available or is too
short-term to capture important elements thatmight be included in
an economic model. Analysts rely on expert opinion for building
their economic models or make assumptions to extrapolate beyond
the available evidence. Decision-making agencies such as NICE,
suggest that the costs and benefits of a health technology should be
demonstrated over a lifetime horizon commensurate with the likely
duration of all major costs and consequences (2). Several methods
are available to extrapolate beyond the observed trial data (22).
These methods all have different functional forms that could
potentially result in different estimates of the treatment effect
beyond the observed data (22). The NICE Decision Support Unit
Technical Support Document sets out suggestions for best practices
for choosing an appropriate method to extrapolate; however, there
remains some inherent uncertainty in method selection that can
have an impact on cost-effectiveness estimates. Methods of sensi-
tivity and scenario analyses are available that can help address this
uncertainty and should be used consistently in the appraisal of
health technologies.

We recognize that the concept of waning of treatment effect is
not explicitly defined. For example, the NICE methods guide
indicates that “alternative scenarios should also be routinely con-
sidered to compare the implications of different methods for
extrapolation of the results” (2). Andmore specifically with regards
to the duration of treatment effects for which different scenarios
might be included with “the treatment benefit in the extrapolated

… … … …

Company using treatment 
discontinuation as a proxy 

for treatment waning 
(siponimod-TA656) 

consistent with TA533 / 
NICE applies waning 

effect according to TA254

Year

Treatment efficacy 
reduced by 50% 
after 11 years

Modality of waning 
based on NICE 

appraisal committee's 
preference:

None applied

20202018

First appraisal to 
validate treatment 

discontinuation as a 
proxy for treatment 

waning (ocrelizumab - 
TA533)

No reduction of 
treatment efficacy but 

use of treatment 
discontinuation as a 

proxy

Treatment efficacy 
reduced by 75% after 2 
years and 50% after 5 

years

Treatment efficacy 
reduced by 50% 

after 5 years

First appraisal to 
consider waning effect 
(fingolimod - TA254)

2014

Second appraisal with 
waning effect 

considered 
(teriflunomide)

First appraisal of MS 
drug (natalizumab) 

since TA32 (Beta-IFN 
and Glatiramer)

2007 2012

Fig. 2. Key dates, with the modality of implementing the assumption of waning of the treatment effect in DMTs appraised by NICE.
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phase being either nil, the same as during the treatment phase and
continuing at the same level, or diminishing in the long term” (2).

Interestingly, this statement was present in the first version of
the NICE methods guide published in 2004. However, our work
indicates that waning of the treatment effect was considered only
from the second STA of a DMT, namely that of fingolimod (14),
whereas it was not considered as a concern in the first STA
conducted for natalizumab (12). Based upon our search of NICE
technology appraisal guidance published prior to 2012, we
hypothesize that the fingolimod appraisal was one of the first, if
not the first, appraisal to incorporate considerations of waning of
treatment effect, although only as a sensitivity analysis. Of note, this
appears to have been spontaneously initiated by the drug manu-
facturer. We cannot speculate on whether the concept would have
been introduced anyway in later appraisals; however, the fingoli-
mod appraisal presumably opened a new era of MS STAs where
waning of treatment effect became systematically discussed not
only for DMTs but also for technologies beyond the scope of MS.

Our review of health technologies of DMTs over time reveals
other landmark decision points. The first one corresponds to the
teriflunomide appraisal (13) for which the NICE appraisal com-
mittee chose to apply, among its preferred assumptions, a waning of
treatment effect in the base-case model (increasing the CDP hazard
ratio (HR) by 50 percent after 5 years), whereas the company
considered it as a scenario analysis in its original submission. The
second landmark pertains to the appraisal of ocrelizumab used for
RRMS, (9) for which theNICEAppraisal Committee agreed, that as
suggested by the company in its submission, treatment discontinu-
ation could be considered as a proxy for treatment effect waning
(no change of CDP HR over time was applied). This decision
provided a precedent for companies to apply treatment discontinu-
ation as a marker of loss of effectiveness in subsequent appraisals
for biological (ocrelizumab used in PPMS, ofatumumab) or non-
biological (siponimod) drugs. Although the NICE Appraisal Com-
mittee reiterated its position for the two former drugs, it invalidated
the company’s preferred assumption for the latter on the grounds
that the “conventional” modality of treatment effect waning
(i.e., through the increase of the CDPHR from a certain time point)
should be applied for siponimod consistent with assumptionsmade
for a drug of the same class, namely fingolimod.

In our view, adopting intratherapeutic class consistency is desir-
able and should be recommended. However, the scientific, clinical,
or pharmacologic rationale to adopt treatment discontinuation as a
proxy for waning for these biological drugs, as opposed to a
conventional treatment effect waning for nonbiological drugs such
as siponimod or teriflunomide, is unsupported by evidence. This
may also call for a greater level of intertherapeutic class consistency
in the manner of considering treatment waning taking into account
factors such as the duration of drug effect or the drugmechanism of
action. In circumstances where there is a small-time period between
treatment discontinuation and end of observation relative to the
life-time horizon, and where at end of observation a large propor-
tion of patients remain at risk of the outcome event, then long-term
extrapolation of the treatment effect size would be difficult to
justify; this would seem especially the case where reasons for
treatment discontinuation (particularly waning of effectiveness)
are unspecified.

We are aware of a third method of implementing the assump-
tion of a waning of treatment effect, which was proposed by the
External assessment groups within the scope of the appraisal for
ocrelizumab used for PPMS. It consists of combining a reduction of
treatment effect from a certain time point (by increasing the CDP

HR) with an increase of treatment discontinuation for the assessed
drug from the same time point. The rationale is that should a
waning of treatment effect exist, diminishing the relative effect of
a new drug over the other, this would result in an increased
perceived loss of effectiveness by patients, which would lead to an
increased rate of discontinuation with the new treatment.

With regards to biological drugs, we have noted that some
companies have attempted to justify the absence of a consideration
of waning of treatment effect in their base-case arguing that mono-
clonal antibodies were partially or fully humanized, which is
thought to reduce the risk of neutralizing antibodies formation
targeting the drugs. However, the link between neutralizing anti-
bodies formation and reduced treatment effectiveness is not well
documented and does not get around the fact that the main
treatment effect is on reducing relapses but as time proceeds main
cause of progressive disability is secondary progression which is
probably less affected by all DMTs.

Although many DMTs used within the scope of MS have been
appraised by the same Appraisal committee at NICE, we have
found variation in how waning of the treatment effect had been
applied. Indeed, the increase of the CDP HR could occur either
gradually over the lifetime horizon or could vary from different
time points (after 2, 5, or 11 years). Consistency in application of
waning should be made by those tasked with making these import-
ant policy decisions.

The variations on time points used in the consideration of the
waning of treatment effect should presumably reflect any available
evidence produced by companies about the sustained effectiveness
of their drug based on long-term follow-up studies carried out as
part of open-label extensions of RCTs. Although these studies can
be relevant to assess the long-term outcomes and safety of DMTs,
our view however is that they provide very limited evidence about
whether the effect of DMTs relative to the comparator used in
randomized component of the trial is maintained over time.

Limitations

This work presents some limitations. First, we focused our review
on DMTs used for the treatment of MS, which means that our
observations cannot be extended beyond this scope. Although
DMTs represent a minority of drugs among those appraised
through the technology appraisal program, we assume that this
study represents an exemplary case on the difficulty of considering
the concept of waning of treatment effect in STAs in general,
including for anticancer therapies. Second, we conducted our ana-
lyses using published documents available on theNICEwebsite. For
example, in this work, we were unable to accurately document the
impact of applying an assumption of waning of the treatment effect
because most of the analyses, whether conducted with a waning
effect applied in the base-case or sensitive analyses, were available
only with redacted ICERs and therefore not in the public domain.
However, based on our reading of appraisal documents, we did not
find a DMT which was not recommended by NICE on the grounds
that it was not cost-effective to the NHS after applying a waning of
treatment effect. Third, we also aimed to assess the impact of
applying a waning of treatment effect in terms of decision making,
which proved to be a challenge. Applying a waning effect by
increasing the CDP HR should result in reducing the incremental
effectiveness, hence increasing the ICER. Conversely, with treat-
ment discontinuation applied as a proxy for waning, the cumulated
costs associated with a new therapy can be reduced which can lead
to reduced incremental costs, hence reduced ICER. To review the
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practical impact on decision making, we had planned to examine
whether applying a waning of treatment effect reduced /increased
the ICER below/above the £30,000 perQALY threshold but this was
not possible.

It is obvious that our quantitative analyses could have been
complemented by qualitative analyses, by means of interviews of
main stakeholders (NICE Appraisal Committee members, com-
panies, and ERGs), and use of thematic analysis (23), which could
be relevant to better capture the full complexity of the topic.

Strengths

To the best of our knowledge, this is the first study to review how the
concept of waning of the treatment effect has been applied as part of
a major health technology assessment program. Considering our
review, more explicit recommendations could be considered as part
of the NICE methods guide. Such recommendations could origin-
ate by consensus from a panel of stakeholders including members
of the NICE technology appraisal teams, clinicians, ERG and
Health Technology Assessment (HTA) body members, companies,
and patients’ representatives.

As part of future research, this work could be extended beyond
the scope of MS and into more precise estimates of the effects of
treatment waning on the cost-effectiveness of drugs and on relevant
ICERs. Similarly, given that the waning of the treatment effect
appears to be predominantly a concept, a more fundamental ques-
tion can be raised, which is whether a waning of the treatment effect
for DMTs has ever been evidenced.

Othermethodological approaches such as the use of a qualitative
framework (e.g., thematic analysis) could be considered in the next
steps of research.

Last, the perspective of the work could be broadened to examine
whether the assumption of waning of treatment effect is also
discussed and applied consistently by other HTA agencies such
as The Canadian Agency for Drugs & Technologies in Health
(CADTH), the French National Authority for Health (HAS), or
the Agency for Healthcare Research and Quality (AHRQ). This
could be the starting point that could justify the need to elaborate on
international HTA guidance on the handling of waning in the
assessment of health technologies.

Conclusion

Uncertainty in the long-term effect of DMTs presents a challenge
when estimating their cost-effectiveness over a lifetime horizon.
Waning of the treatment benefit may exist while patients with
MS are receiving DMTs. An assumption of waning has been
proposed by UK decision makers when considering the cost-
effectiveness of DMTs, but there is inconsistency on how this
assumption is implemented across technology appraisals over
time. The waning assumption, how it is implemented and at
which timepoint may have an impact on the cost-effectiveness
results, and by corollary, the decisions made. More refined
recommendations should be considered in methods guides, as
treatment waning in DMTs is only one part of the much-needed
effort to address how waning is captured in long-term economic
analyses as it is likely to exist in other drugs used to treat other
diseases/conditions.
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