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Abstract
Background  The National Institute for Health and Care Excellence (NICE) is responsible for ensuring that patients in 
England and Wales can access clinically and cost-effective treatments. However, NICE’s processes pose significant reim-
bursement challenges for treatments for rare diseases. While some orphan medicines have been appraised via the highly 
specialised technology route, most are appraised via the single technology appraisal programme, a route that is expected to 
be increasingly used given new more restrictive highly specialised technology criteria. This often results in delays to access 
owing to differences in applicable thresholds and the single technology appraisal approach being ill-equipped to deal with the 
inevitable decision uncertainty. NICE recently published their updated methods and process manual, which includes a new 
severity-of-disease modifier and an instruction to be more flexible when considering uncertainty in rare diseases. However, 
as the threshold gap between the single technology appraisal and highly specialised technology programmes remains, it is 
unlikely that these changes alone will address the problem.
Objective  We explored the potential impact of quality-adjusted life-year weights in decision making.
Methods  We explored the impact of NICE’s new severity-of-disease modifier weighting and two alternative methods (the 
use of alternative quality-adjusted life-year weights and the fair rate of return), using three recent single technology appraisals 
of orphan medicines (caplacizumab, teduglutide and pirfenidone for mild idiopathic pulmonary fibrosis).
Results  Our results suggest NICE’s severity-of-disease modifier would not have affected the recommendations. Using alter-
native methods, based upon achievement of an incremental cost-effectiveness ratio below standard thresholds, patients could 
have received access to caplacizumab approximately 5 months earlier, and the appraisals for teduglutide and pirfenidone 
would have resulted in a positive recommendation following appraisal consultation meeting 1 when neither of these products 
was available over 5 years from the initial submission.
Conclusion  Ultimately, moving from a restrictive end-of-life modifier to one based on disease severity is a more equitable 
approach likely to benefit many therapies, including orphan products. However, NICE’s single technology appraisal updates 
are unlikely to result in faster reimbursement of orphan medicines, nor will they address concerns around market access for 
orphan medicines in the UK.
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1  Introduction

The National Institute for Health and Care Excellence 
(NICE) plays a vital role in ensuring patients get access 

to clinically and cost-effective treatments in England and 
Wales. Most treatments are appraised via NICE’s single 
technology appraisal (STA) route, where technologies dem-
onstrating plausible incremental cost-effectiveness ratios 
(ICERs) below the standard willingness-to-pay (WTP) 
threshold of £20,000 per quality-adjusted life-year (QALY) 
gained are considered cost effective [1] and are therefore 
reimbursed. For ICERs between £20,000 and £30,000 per 
QALY gained, decision making considers the degree of cer-
tainty around the ICER and aspects that relate to uncaptured 
benefits and non-health factors.
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Key Points for Decision Makers 

When appraising drugs for severe or rare diseases, the 
National Institute for Health and Care Excellence’s 
single technology appraisal approach does not allow for 
as much flexibility as the highly specialised technology 
route.

For treatments that fail to meet specific criteria, standard 
thresholds apply, resulting in delays to patient access or 
no access at all.

The new severity-of-disease modifier introduced by the 
National Institute for Health and Care Excellence is 
expected to result in some positive changes. However, 
the gap in the applicable threshold between the single 
technology appraisal and highly specialised technology 
routes remains, and the changes to the highly specialised 
technology criteria suggest the number of rare disease 
medicines appraised via the highly specialised technol-
ogy route will decrease rather than increase.

While the new decision modifiers and allowance of 
greater flexibility to tolerate uncertainty may go some 
way to support reimbursement of treatments for severe 
conditions, the three case studies in this article indicate 
NICE’s decisions would be unlikely to change. This arti-
cle details two alternate methods for assigning modifiers 
that could be considered in place of the new severity-of-
disease modifier.

Life years

Quality of life

Healthy person

Person with Condition X

Absolute shortfall

Lost QALYs
=

QALYs for healthy person
−

QALYs for person with Condition X

Proportional shortfall

Lost QALYs

QALYs for healthy person

Absolute shortfall

Fig. 1   Absolute and proportional quality-adjusted life-year (QALY) shortfall graphical explanation

Following NICE’s review of their methods and processes 
(implemented February 2022), treatments for severe diseases 
are now given extra consideration (a QALY weight of either 
1.2 or 1.7; equivalent to WTP thresholds of £36,000 and 
£50,000 per QALY, based on the £30,000 current maximum, 
respectively) based on the most favourable of absolute and 
proportional QALY shortfall (for measures to quantify the 
burden of disease, see Fig. 1; explained in more detail later) 
[1]. This change was implemented in response to concerns 
that the end-of-life criteria previously used to determine 
whether a higher threshold was appropriate in the STA pro-
gramme were too narrow and did not reflect societal pref-
erences [2–5]. Prior to the new severity modifier, NICE’s 
binary (yes/no) approach for end-of-life consideration did 
not capture varying degrees of severity and was consid-
ered to emphasise treatments that extend the lifespan at the 
expense of those that improve quality of life. There were 
also concerns that treatments for rare diseases could not 
meet the criteria for acceptance in the STA route, in terms 
of the uncertainty around efficacy and safety outcomes and 
the standard of evidence required. The changes to NICE’s 
approach seek to address these concerns through the intro-
duction of a severity modifier and the allowance of “greater” 
uncertainty for rare diseases, acknowledging the challenge 
in the evidence base. These changes align NICE’s methods 
with those used elsewhere in Europe; countries such as the 
Netherlands, Norway and Sweden give extra consideration 
to severe diseases by either adopting shortfall methods or 
implicitly considering higher thresholds for more severe 
disease [2].
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Occasionally, NICE appraises treatments for rare, severely 
disabling diseases with a high unmet need via the highly 
specialised technology (HST) route, using significantly 
higher WTP thresholds equivalent to £100,000–300,000 per 
QALY gained (dependent on the magnitude of benefit to 
undiscounted QALYs) and with greater levels of uncertainty 
accepted [6]. Specific and extensive criteria preclude the 
acceptance of most technologies into the HST programme 
[7], and many treatments for rare diseases are ineligible 
because of the narrow criteria required for entry (e.g. rout-
ing criteria 2: normally, no more than 300 people in England 
are eligible for the technology in its licensed indication, and 
no more than 500 are eligible across all its indications). They 
are thus appraised via the STA process, where the maximum 
WTP threshold is considerably lower and the methods used 
less well equipped for such treatments. Out of 797 technol-
ogy appraisals conducted by NICE to date [8], 21 have been 
HSTs. A review of NICE appraisals between 2015 and 2020 
found that only a third of orphan medicines appraised had 
been reviewed via the HST route, with the remainder going 
through the standard STA process [9]. The review found that 
orphan medicines were subject to a significantly longer mean 
time in the NICE STA process than non-orphan medicines 
(370 [n = 44] vs 277 [n = 118] days; p < 0.0001) and that 
orphan medicines in the STA process were disadvantaged by 
worse outcomes with respect to positive recommendations 
than those of orphan medicines assessed by HST (100% of 
HSTs recommended in full vs 73% of orphan STAs). Zamora 
et al. demonstrated that fewer European Medicines Agency-
approved orphan medicines are reimbursed in England than 
in Spain, Germany, France and Italy [10].

The NICE process consultation document noted that 
“there is an important societal interest in rare diseases” and 
acknowledged that “patients with serious ultra-rare condi-
tions where there is vulnerability, substantial unmet needs, 
or very limited, not very effective treatment options” may be 
disadvantaged by an appraisal undertaken via standard pro-
cesses. This is due to not only the difficulties in producing an 
STA-standard evidence base with limited patient numbers, 
and, in many cases, an evolving understanding of the disease 
and limited applicability of standard measures such as the 
EQ-5D questionnaire, particularly in paediatric diseases, but 
also the need to recoup research and development costs to 
fund future innovation [11].

NICE states that “the number of HST topics is not 
expected to change as a result of the revised wording” of 
the HST entry criteria, with key changes being the intro-
duction of limits across indications and the removal of the 
requirement for treatment to be life-long [12]. The implica-
tion of this is that the majority of rare disease medicines will 
continue to be routed via the STA process. In addition, all 
five NICE Committees (four STAs and the HST Commit-
tee) may now assess products for diseases routed to HST 

rather than the assessment only being conducted by the HST 
Committee. The STA Committees have traditionally been 
less lenient when faced with the limited data available in 
rare diseases [9]. This underscores the importance of both 
ensuring consistency in the approach to the assessment of 
rare diseases across committees and closing the gap between 
HST and STA processes and applicable WTP thresholds for 
products that narrowly miss the bar for HST (see Sect. 5 for 
further exploration of these thresholds).

2 � Objectives

This paper explores the impact of the new NICE severity 
modifier and two alternative approaches to QALY modifiers 
for rare severe disease medicines in the STA programme. 
We compare three methods to calculate QALY weights and 
adjusted ICERs for three case studies of orphan medicines 
recently appraised by NICE via the STA route: caplacizumab 
for acquired thrombotic thrombocytopenic purpura, tedu-
glutide for short bowel syndrome and pirfenidone for mild 
idiopathic pulmonary fibrosis. These three case studies were 
chosen as examples of appraisals of treatments that narrowly 
missed out on entry to the HST programme under the old 
criteria and for which QALY data were available unredacted. 
By comparing unweighted and weighted estimates of cost 
effectiveness, our aim was to determine how much sooner 
patients may have received access to treatment under each 
of the different weighting systems.

3 � Methods to Derive QALY Weights

A variety of methods for the formal incorporation of deci-
sion modifiers into cost-effectiveness analyses are discussed 
in the literature. Modifiers may be based on age (e.g. the 
“fair innings” approach), severity (e.g. the use of absolute 
or proportional shortfall approaches) or rarity (e.g. the 
approach proposed by Berdud and colleagues to determine 
a fair rate of return for rare disease therapeutics) [13–15]. 
As the selected examples are for rare and/or severe diseases, 
the absolute shortfall, proportional shortfall and fair rate of 
return approaches were considered.

3.1 � Absolute Shortfall

The absolute shortfall method calculates the total amount 
of future health a patient is expected to lose because of their 
disease. The absolute shortfall method is favoured by the 
Norwegian Medicines Agency, based on the rationale that 
technologies for diseases resulting in greater absolute losses 
should be given greater weight [16].
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In our analysis, for England and Wales expected lifetime 
QALYs for a person without the disease were calculated 
using life tables to estimate survival, weighted by expected 
utility at each age by sex, starting from the mean age at 
onset [17]. Quality-of-life data were taken from a published, 
widely used UK regression analysis [18]. Total QALYs for 
patients with the disease were taken from results reported 
in each appraisal for the existing standard of care. Absolute 
QALY shortfall was calculated as the difference between 
these two values.

3.2 � Proportional Shortfall

Proportional shortfall builds on the concept of absolute 
shortfall but is instead defined as the total QALYs lost 
because of a disease as a proportion of the expected lifetime 
QALYs, for an average member of the general population 
of the same age. For this method, absolute shortfall is cal-
culated in the same way and divided by the total lifetime 
QALYs for an average patient without the disease (i.e. the 
general population).

Once proportional shortfall (%) is determined, the next 
step is to assign appropriate QALY weights. Although pro-
portional shortfall methods are discussed extensively in the 
literature, there is a lack of consensus on the appropriate 
QALY weights to apply based on this method. Proportional 
shortfall weights are used in the Netherlands as an equity 
approach that combines aspects of the severity of illness and 
fair innings approaches [19–21].

3.3 � NICE’s Approach: Combination of Absolute 
and Proportional QALY Shortfall

In the STA programme, NICE applies QALY weights based 
upon the most favourable of the absolute and proportional 
shortfall methods using discounted QALYs. The weights 
applied are 1.7× for a proportional QALY shortfall of 
≥ 0.95 or an absolute QALY shortfall of ≥ 18; and 1.2× 
for a proportional QALY shortfall of between 0.85 and 0.95 
or an absolute QALY shortfall of 12–18 [1]. Because of a 
lack of information from societal preference research, these 
weights were defined based upon an “opportunity-cost-
neutral” approach, aiming to reallocate additional weighting 
previously applied to end-of-life treatments using data from 
appraisals conducted between 2011 and 2021.

To apply this method, we extracted information on the 
discounted QALYs with the comparator standard of care 
treatment from the documentation for each of our case stud-
ies. We then calculated the potential discounted QALYs for 
a healthy population using the mean age and percentage of 
female individuals reported for each case study.

3.4 � A Modified NICE Approach: Alternate QALY 
Weights

We also provide an alternate analysis using a different 
QALY weighting system to NICE’s to demonstrate the 
impact of the weighting system used. This “modified NICE 
approach” uses a weight of 1 for a proportional shortfall 
of 0%, corresponding to the standard threshold of £20,000/
QALY, and increases on a sliding scale to a weight of 5 
for a proportional shortfall of 100%, corresponding to the 
lower HST threshold of £100,000. We look at the absolute 
shortfall in the same manner: a weight of 1 is given for a 
loss of 0 corresponding to the lower NICE STA threshold 
of £20,000/QALY, increasing on a sliding scale to a weight 
of 5 for an absolute shortfall of 30 QALYs corresponding to 
the lower HST threshold of £100,000. This bridges the gap 
between the thresholds used for STA and HST, eliminating 
the current “cliff-edge” between thresholds, and equates to a 
marginal effect of £2667 per QALY using the absolute short-
fall method and £800 per 1% using the proportional shortfall 
method. The same data were used within the calculation as 
when NICE’s severity modifier was applied.

3.5 � Fair Rate of Return

Berdud and colleagues proposed that orphan drug pric-
ing should be based on the proposition that rates of return 
for investments in developing orphan drugs should not be 
greater than the industry average [13]. Using the NICE 
standard cost-effectiveness threshold of £20,000 per QALY 
gained as an anchor and adjusting by research and develop-
ment costs and expected market revenue, the authors esti-
mated adjusted WTP thresholds of £39,100 and £937,100 for 
orphan (population size: ≤ 25 per 50,000) and ultra-orphan 
(population size: ≤ 1 per 50,000) drugs, respectively. The 
calculation equates to a marginal effect of £3734 per 1 in 
1,000,000 decrease in prevalence after the orphan population 
size cut-off. To apply this method, we extracted information 
on prevalence in England from each case study and used 
the thresholds proposed by Berdud et al. to determine the 
appropriate threshold (i.e. QALY weights) for each example 
via a linear interpolation between the proposed thresholds 
for orphan and ultra-orphan populations. In line with NICE’s 
approach and the data available for the case studies, we use 
discounted QALYs when applying this method.

4 � Case Studies

Details of the three case studies are provided in Table 1. 
Table 1 in the Electronic Supplementary Material (ESM) 
demonstrates that each of the case studies narrowly missed 
out on entry to the HST programme under the old criteria. 
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While TA667 may have met the new criteria (how the cri-
teria around severity will be applied is currently unclear), it 
is unlikely either of the other two case studies would meet 
the new criteria.

5 � Results

Table 2 presents the QALY weights based on the abso-
lute shortfall, proportional shortfall and fair rate of return 
methods for each population considered within the three 
appraisals. Table 2 also presents the parameters required in 
the calculations, such as mean age and percentage of female 
individuals for the absolute and proportional shortfall meth-
ods, and prevalence per 100,000 (in England) for the fair rate 
of return method.

The highest proportional and absolute shortfall results 
were observed for children with short bowel syndrome (79% 
and 25.2 discounted QALYs), based on potential lifetime 
QALYs of 25.2 (based on a mean age of onset of 4 years), 
but only 5.4 QALYs on current treatment. The greatest 
QALY weights occur for the most severely ill populations. 
Using the NICE method, a weighting of 1.7× would be 
applied; if our alternate scale is considered, this would be 
4.1×. The use of NICE’s severity modifiers resulted in a 
modifier of 1 for both acquired thrombotic thrombocyto-
penic purpura and mild idiopathic pulmonary fibrosis. The 
use of the weightings from the modified NICE approach 
demonstrates the high level of sensitivity to the system used, 
with weights that range from 3.0 to 4.1 using a proportional 
QALY shortfall and from 1.5 to 3.4 using an absolute QALY 
shortfall. In all cases, a higher weight would have been 
assigned than that granted under NICE’s current method.

For the fair rate of return method, which calculates 
QALY weights based on rarity using estimates of preva-
lence in England, the greatest weights naturally result from 
the diseases with the lowest prevalence. For caplacizumab 
in particular, the adjusted WTP threshold using this method 
is £1,001,909, corresponding to a QALY weight of 50.1.

Figures 2, 3, 4 and 5 present the evolution of the ICER 
over the duration of the appraisal process. Considering the 
technology appraisal for caplacizumab (Fig. 2a, b), the most 
plausible ICERs based on both the company submission 
and the Evidence Review Group (ERG) assessment were 
around £30,000/QALY. However, the NICE technical team’s 
preferred ICER (N1) exceeded £170,000, only reducing to 
£30,000 at the time of publication of the final appraisal 
determination. The ICERs generated using QALY weight-
ings based on a fair rate of return are much lower. Using 
a modifier based on rarity, based upon achievement of an 
ICER below standard thresholds, it is likely that caplaci-
zumab would have been reimbursed 5 months earlier imme-
diately following appraisal consultation meeting 1.

For teduglutide, considering both adult and paediatric 
patients with short bowel syndrome (Figs. 3a–c, 4a–c), none 
of the most plausible ICERs cited by the ERG/Decision Sup-
port Unit (DSU) fall below £30,000/QALY, resulting in the 
current negative reimbursement status of teduglutide. Even 
with NICE’s new severity modifier applied, ERG/DSU-pre-
ferred ICERs never fall below standard thresholds. Applying 
weights based on a fair rate of return may have resulted in 
teduglutide being recommended in both adult and paediatric 
patients at appraisal consultation meeting 1 in October 2017, 
as all ERG/DSU ICER estimates are below the accepted 
cost-effectiveness threshold.

For pirfenidone, considering patients with mild idiopathic 
pulmonary fibrosis (Fig. 5a, b), ERG/NICE Committee-pre-
ferred ICERs are well in excess of standard thresholds, even 
at the lower end of the cited range. Using weights based on 
a fair rate of return would likely have resulted in reimburse-
ment following appraisal consultation meeting 1 on 5 May, 
2016, as the ICERs are dramatically reduced.

In all cases, allowing severity weights to bridge the gap 
between the STA and HST programmes would also have 
resulted in positive recommendations early on in the process 
(Figs. 1–8 of the ESM). Within all of the case studies, the 
use of a proportional (rather than absolute) shortfall “modi-
fied NICE approach” favoured the intervention, in all cases, 
with a material difference in the timing of recommendation 
being likely for caplacizumab and teduglutide in the adult 
population.

6 � Discussion

In early 2021, the Department of Health and Social Care 
published the UK Rare Diseases Framework [35]. One of 
the high-level priorities over 5 years is to improve access 
to specialist care and treatments for those living with rare 
diseases. Changes to the NICE processes and methods were 
to form a first step in achieving this aim. Moving from a 
restrictive end-of-life modifier to one based on severity of 
disease for the STA programme, in a similar vein to the HST 
programme, aligns better with the preferences of the general 
public and represents a more equitable approach. However, 
based upon our results, the new severity modifier alone is 
unlikely to have much impact on the large delays and restric-
tions to access for orphan and ultra-orphan products that fall 
into the gap between the STA and HST programmes.

Alternative approaches, such as extending the upper limit 
of the modifier to align with the lower limit of the threshold 
applied within the HST programme for products that nar-
rowly miss out on entry or applying a rarity-based modifier 
such as that proposed in Berdud et al. [13], would prove 
considerably more favourable for orphan and ultra-orphan 
products. Using these alternative methods, based upon 
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achievement of an ICER below standard thresholds, patients 
could have received access to caplacizumab approximately 
5 months earlier, and the appraisals for teduglutide and pir-
fenidone would have resulted in a positive recommendation 
following appraisal consultation meeting 1 when neither of 
these products is available at the time of writing, over 5 

years from initial submission. Our results align with other 
recent work, which showed that orphan medicines were 
subject to a significantly longer mean time in the NICE pro-
cess than non-orphan medicines: 370 versus 277 days [9]. 
The majority of pharmaceutical companies have a global 
presence and need to make decisions on where to launch 

Table 1   Case studies

HST highly specialised technology, NICE National Institute for Health and Care Excellence, STA single technology appraisal, WTP willingness 
to pay

Caplacizumab for acquired thrombotic thrombocy-
topenic purpura (aTTP)

aTTP is an ultra-rare life-threatening blood disorder that represents an urgent medical emer-
gency. aTTP is an acute-onset disease of an episodic nature, carrying a lifetime risk of 
relapse. Failure to achieve rapid control of acute aTTP episodes can be fatal, and patients 
who survive the acute episode rarely fully recover because of long-term complications

Caplacizumab (Cablivi®; Sanofi) is indicated for the treatment of adults experiencing an 
aTTP episode, in conjunction with plasma exchange and immunosuppression [22]. Clini-
cal trials demonstrated that caplacizumab plus standard care reduced the time to platelet 
count normalisation, time spent hospitalised, risk of refractory disease, acute mortality 
risk and plasma exchange requirements vs standard care alone [23, 24]. aTTP is an ultra-
rare disease, with an annual incidence of 0.15–0.22 per 100,000 [25]

Caplacizumab was appraised by NICE between August 2019 and November 2020 (TA667). 
Although NICE acknowledged the rarity of aTTP and a significant unmet need, an appli-
cation for caplacizumab to be considered via the HST route was rejected as aTTP was 
not considered chronic and severely disabling, and caplacizumab was not considered to 
meet the criterion for life-long use. Caplacizumab was instead evaluated via the STA route 
against standard WTP thresholds. The appraisal process, from invitation to participate to 
final appraisal determination recommendation, took 461 days—156 more than NICE’s 
expected duration of 305 days [26, 27]

Teduglutide for short bowel syndrome (SBS) SBS is a chronic and potentially life-threatening condition in which nutrients and fluids are 
not properly absorbed by the gut, usually because a large part of the intestine has been 
surgically removed [28]. People with intestinal failure due to SBS require long-term par-
enteral (intravenous) nutrition, which is associated with severe complications.

Teduglutide (Revestive®; Shire/Takeda) is licensed for the treatment of SBS in adults and 
children aged 1 year and above [28]. Clinical trial results showed teduglutide reduced 
parenteral support in both adults and children [29, 30]. SBS is an ultra-rare disease with 
an estimated prevalence of 0.5 and 7.2 per 100,000 in England for children and adults, 
respectively [31]

Teduglutide was rejected from the HST programme, with a full year elapsing between the 
HST draft scope and the STA final scope. NICE invited the company to participate in May 
2017. The appraisal process (TA690) was terminated following four committee meetings, 
and a full resubmission was initiated in April 2021, for which two committee meet-
ings have already been required [31, 32]. The two appraisals have at the time of writing 
together lasted more than 1700 days, over five times longer than NICE’s expected dura-
tion, and the current appraisal consultation document includes an optimised recommenda-
tion restricted to use only for paediatric patients (aged ≤ 17 years)

Pirfenidone for idiopathic pulmonary fibrosis (IPF) IPF is a chronic progressive lung disease in which scarring (fibrosis) occurs. Patients expe-
rience a decline in lung function and reduced quality of life, ultimately dying from the 
disease. IPF is a severe disease with a median survival, from diagnosis, of approximately 
3 years, although life expectancy is dependent on the severity of disease [33]

Pirfenidone (Esbriet®; Roche) is indicated for adults for the treatment of mild to moderate 
IPF and was shown in clinical trials to reduce the decline in forced vital capacity, a meas-
ure of lung function, vs placebo [33]. It has a designated orphan status, with a prevalence 
of mild and moderate IPF in England of 7.2 and 12.4 per 100,000, respectively [33]

Pirfenidone was recommended by NICE for patients with moderate IPF (defined as a 
predicted forced vital capacity of 50–80%) in April 2013. A second appraisal, commenc-
ing in late 2015 (TA504), focussed on expanding the recommendation to patients with 
mild disease and removing the stopping rule defined within the original recommenda-
tion. The second appraisal process involved three committee meetings and two appeals 
on the grounds that NICE failed to consider the totality of the data; the final appeal was 
dismissed [34]. The appraisal process, from invitation to participate to publication of the 
final guidance, took 776 days — more than double NICE’s expected duration
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and when. Continued unpredictability, delays and restricted 
access for products for rare diseases, which represent a 
substantial proportion of the current clinical development 
pipeline, risks making England an unattractive option for 
an early launch (or even not an option at all). The analysis 
using the work of Berdud et al. [13] demonstrates that the 
use of societal preference to set WTP thresholds leads to an 
under-return on investment for orphan diseases (compared 
with other disease areas). For caplacizumab in particular, the 
adjusted WTP threshold using this method is approximately 
£1 million: a reflection of the rarity of acquired thrombotic 
thrombocytopenic purpura.

The analysis posed several challenges; none of which 
relates to the calculations themselves, which are simple to 
perform. First, the identification of appropriate case studies 
was hindered by the lack of reported patient-access scheme-
price (decision-making) ICERs in NICE documentation. 
However, within the three case studies chosen, the compa-
nies’ presented patient-access scheme-price ICERs that were 
available for all meetings, the ERG’s ICERs were available 
for most meetings, and a preferred ICER from NICE for 
some meetings. Second, at many stages of the appraisal 
processes, NICE did not specify a preferred ICER, making 
it difficult to draw conclusions about the likely reimburse-
ment date when weightings were applied. Third, it is not 
clear whether QALY weights should be applied to patients 
and carers or patients only. For example, in the teduglutide 
appraisal, ICERs were calculated based on both patient and 
carer QALYs; however, in our analysis, we assumed only 
patient QALYs would be upweighted.

Fourth, all other processes using severity modifiers 
use undiscounted QALYs to calculate the QALY shortfall 

[14, 16, 19]. While the use of undiscounted QALYs aligns 
with NICE’s HST programme, NICE has chosen to opt for 
discounted QALYs for STAs. In line with existing meth-
odology, our modified NICE approach considered undis-
counted QALYs where these were available; however, only 
discounted QALYs were reported within the appraisals for 
teduglutide and pirfenidone. Use of discounted QALYs 
makes it more difficult for many treatments to qualify for 
severity weighting, as discounting incrementally reduces the 
value of the healthy QALYs used for comparison. Addition-
ally, all other things being equal, the magnitude of impact 
of discounting on health outcomes rises as age falls, mean-
ing that conditions affecting the youngest patients are most 
disadvantaged by using discounted results.

Fifth, the QALY weightings used in the modified NICE 
approach, the lower STA and HST thresholds that they 
correspond with, and NICE’s new severity modifiers are 
all arbitrarily chosen parameters. NICE intends to initiate 
research to address the arbitrary nature of the QALY weight-
ing system; however, similar efforts conducted to inform a 
potential value-based pricing system back in 2012–13 dem-
onstrate how difficult producing an evidence-based weight-
ing system is likely to be [36, 37]. For example, multiple 
studies have found evidence of preferences consistent with 
aversion to differences in life expectancy but not quality-
adjusted life expectancy [38–40].

Sixth, the Berdud et al. study [13] used for the fair rate of 
return approach does not provide guidance on assumptions 
for population sizes smaller than the ultra-orphan cut-off. 
Here, we have assumed that the trajectory of the segment 
between the orphan mid-point and ultra-orphan cut off is 
extended in the caplacizumab case study, we note however 
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Fig. 2   TA667, caplacizumab in acquired thrombotic thrombocyto-
penic purpura, evolution of the incremental cost-effectiveness ratio 
(ICER) during the appraisal process. ACD appraisal consultation 
document, C1 company submission, C2 company response to NICE 
technical report, C3 company response to ACD1, CE cost-effective-
ness, ERG , E1 ERG report, E2 ERG critique of company response to 
NICE technical report, FAD final appraisal determination, N1 NICE 
technical report (technical team), N2 NICE Committee-preferred 
ICER (ACD1), N3 NICE Committee-preferred ICER (ACD2), N4 

NICE Committee-preferred ICER (FAD NICE National Institute 
for Health and Care Excellence, PAS patient access scheme, pric-
ing agreement to improve cost effectiveness, QALY quality-adjusted 
life-year. Error bars correspond to ICER ranges discussed in NICE 
documentation. All ICERs presented incorporate the PAS available at 
that stage in the appraisal process. As a weight of 1 would be applied 
under NICE’s new severity modifiers, the no-QALY-weight figures 
also correspond to the NICE severity weight being applied
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that as the population size is close to the ultra-orphan cut-
off, this has little impact on the results.

Finally, committee decision making is not based upon 
ICERs alone. Each committee makes decisions according 
to their own application of NICE’s methods and processes 
to the evidence base and clinical and cost-effectiveness case 
for each decision problem. Our analysis therefore indicates 
when ICERs would fall below standard thresholds, rather 
than being able to state definitively that a different decision 
may have been made earlier in the process.

When considering the exact approach to modifiers to be 
used, various value judgements need to be made, many of 
which are discussed in NICE’s task and finish reports [8, 
41]. They are:

•	 What is the HTA body trying to achieve by applying a 
decision modifier? For example:

•	 To reflect societal preferences (and the evidence 
available for that);

•	 To stimulate innovation;
•	 To stimulate investment in disease areas that have 

historically been underinvested in, or difficult to jus-
tify investing in under standard business models;

•	 To allow the capture of elements of value not 
included within current QALY calculations.

•	 Should modifiers apply to technologies that are less effec-
tive than current practice, but free up sufficient resources 
that can be reinvested in the system (southwest quadrant 
on the cost-effectiveness plane)?

•	 The overlap between potential systems of modifiers.
•	 Whether to implement quantitively or qualitatively within 

deliberations.
•	 How to implement any weighting system: sliding scale 

or stepped approach.
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Fig. 3   TA690, teduglutide for short bowel syndrome, adult subpopu-
lation, evolution of the incremental cost-effectiveness ratio (ICER) 
during the appraisal process, no quality-adjusted life-year (QALY) 
weights applied. ACD appraisal consultation document, ACM 
appraisal committee meeting, C1 company submission, C2 company 
response to ACD1, C3 company-submitted evidence for ACM3, C4 
company-submitted evidence for ACM4, C5 company-submitted 
additional evidence for ACM4, CE cost-effectiveness, DSU Decision 
Support Unit, E1 ERG report, E2 ERG critique of company response 

to ACD1, E3 DSU report following C3, E4 DSU report following C4, 
E5 DSU report following C5, ERG Evidence Review Group, NICE 
National Institute for Health and Care Excellence, PAS patient access 
scheme, pricing agreement to improve cost effectiveness. Error 
bars correspond to ICER ranges discussed in NICE documentation. 
All ICERs presented incorporate the PAS available at that stage in 
the appraisal process. PAS-price (decision-making) ICERs were 
not reported in NICE documentation and are therefore not included 
within the figures presented
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(a) No QALY weights applied (b) NICE severity modifier QALY weights applied

(c) Fair rate of return QALY weights applied
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Fig. 4   TA690 teduglutide for short bowel syndrome, child subpopu-
lation, evolution of the incremental cost-effectiveness ratio (ICER) 
during the appraisal process. ACD appraisal consultation document, 
ACM appraisal committee meeting, C1 company submission, C2 
company response to ACD1, C3 company-submitted evidence for 
ACM3, C4 company-submitted evidence for ACM4, C5 company-
submitted additional evidence for ACM4, CE cost-effectiveness, 
DSU Decision Support Unit, E1 ERG report, E2 ERG critique of 
company response to ACD1, E3 DSU report following C3, E4 DSU 

report following C4, E5 DSU report following C5 (uses adult data in 
child model), ERG Evidence Review Group, NICE National Institute 
for Health and Care Excellence, PAS patient access scheme, pric-
ing agreement to improve cost-effectiveness, QALY quality-adjusted 
life-year. Error bars correspond to ICER ranges discussed in NICE 
documentation. All ICERs presented incorporate the PAS available 
at that stage in the appraisal process. PAS-price (decision-making) 
ICERs were not reported in NICE documentation and are therefore 
not included within the figures presented
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Fig. 5   TA504, pirfenidone for idiopathic pulmonary fibrosis, mild 
disease population, evolution of the incremental cost-effectiveness 
ratio (ICER) during the appraisal process. ACD appraisal consul-
tation document, C1 company submission, C2 company response 
to NICE ACD (ICER for ITT population, ICER for mild popula-
tion not reported), CE cost-effectiveness, E1 ERG report, ERG Evi-
dence Review Group, ITT intention to treat, N1 NICE ACD1, NICE 
National Institute for Health and Care Excellence, PAS patient access 

scheme, pricing agreement to improve cost-effectiveness, QALY 
quality-adjusted life-year. Error bars correspond to ICER ranges 
discussed in NICE documentation. All ICERs presented incorporate 
the PAS available at that stage in the appraisal process. As a weight 
of 1 would be applied under NICE’s new severity modifiers, the 
no-QALY-weight figures also correspond to the NICE severity weight 
being applied
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•	 How the use of modifiers affects the base threshold and 
the opportunity costs associated with the implementation 
of a new modifier system.

•	 The effect of a particular system of modifiers on equity, 
examples being:

•	 How the use of proportional shortfall tends to favour 
interventions for older populations, whereas absolute 
shortfall tends to favour younger populations.

•	 How modifiers based on rarity could be used to solve 
issues with equity in access to treatment compared 
with more common diseases and the flip-side of the 
potential impact of rarity-based modifiers on access 
for patients with more common diseases.

When looking at assessment in jurisdictions that already 
implement QALY modifiers, only Sweden has assessed the 
three case studies considered here. For caplacizumab, rec-
ommendation was gained in June 2021 [42]. Without cost 
effectiveness having been assessed because of a lack of dem-
onstration of quality-of-life benefit, following appraisal in 
2014, teduglutide was not recommended [43]. In 2012, pirfe-
nidone was given a conditional recommendation, excluding 
the mild disease population initially, but then including it 
on reappraisal in 2015 [44, 45]. In all three cases, a shorter 
appraisal process was followed compared with the NICE 
timelines; a severity modifier application was not formally 
discussed (documentation is considerably less detailed than 
for NICE).

For rare diseases, a “cliff-edge” remains between the 
thresholds used to appraise technologies considered for the 
HST programme and the standard thresholds used for STA, 
with no indication from NICE that this is likely to change. 
Given this, it would appear logical that medicines for orphan 
indications should be routed to the HST process, as this was 
made to be suitable for the purpose of assessing treatments 
for rare diseases. The legislation underpinning the creation 
of the HST programme defines a “highly specialised health 
technology” as “a health technology intended for use in the 
provision of services for rare and very rare conditions”. If 
this is not possible because of capacity constraints, alterna-
tive proposals for addressing the STA-HST threshold gap 
could be considered. As outlined in this paper, one option 
is to use a combination of severity and rarity QALY modi-
fiers. Decision makers could consider the wider applica-
tion of managed access agreements outside of oncology, 
using the Innovative Medicines Fund, and take a less risk-
averse approach to the handling of uncertainty in the case 
of rare diseases. Other ideas may also be explored, such 
as allowing for a period of access prior to assessment to 
enable additional data collection or applying a more holistic 
value framework within the TA programme. Whilst empiri-
cal evidence does not support UK citizens placing a higher 

value on rarity alone [46], use of a modifier aimed at reduc-
ing inequity because of rarity may also serve to incentivise 
investment in rare diseases in the UK, as per the rationale 
for HST.

7 � Conclusions

While the adoption of new decision modifiers and the 
allowance of greater flexibility to tolerate uncertainty go 
some way to supporting the reimbursement of treatments 
for severe conditions, based upon our results, the new 
NICE severity modifier may not significantly improve 
access to medicines for rare diseases. We propose alterna-
tive approaches that could be used by NICE in subsequent 
updates to their methods that would improve access to rare 
disease medicines in the UK and ensure continued invest-
ment in rare diseases by global pharmaceutical companies.
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