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BACKGROUND
Economic Evaluation of Rare Diseases
• A rare or orphan disease is defined in the European Union as one 

that affects fewer than 5 people per 10,000.1

• Economic evaluation of rare diseases is associated with 
methodological challenges.2

• Limited natural history, clinical efficacy, and safety data can provide 
challenges and uncertainty regarding the accurate estimation of 
the cost-effectiveness of drugs for the treatment of orphan or 
ultra-orphan diseases.

Highly Specialised Technology (HST) Appraisals
• The HST appraisal process is designed to account for the fact that 

it is often more difficult for such therapies to be considered cost-
effective using standard thresholds.

• The National Institute for Health and Care Excellence (NICE) states 
that treatments with substantial quality-adjusted life-year (QALY) 
benefits may be assessed against a cost-effectiveness threshold of 
up to £300,000 per QALY gained, if deemed appropriate by the 
HST committee.3

OBJECTIVE
• This study assessed models submitted under the NICE HST 

appraisal process to identify challenges associated with rare 
disease model development and will recommend methods to 
overcome these challenges.

METHODS
• A targeted review of the NICE website was conducted on 7 June 

2018. All published HST appraisals were included.

• Data were extracted from identified studies regarding the 
modelling approach, type of economic evaluation used, results, 
NICE recommendation, and modelling challenges cited by the 
evidence review group (ERG).

RESULTS
• A total of 7 published HST appraisals were identified (Table 1).

• All models employed a Markov state-transition structure, and 6 
presented cost-consequence analyses.

• One study presented a fully incremental cost-utility analysis for 
Strimvelis, an autologous CD34+ enriched cell fraction. The base-case 
incremental cost-effectiveness ratio (ICER) estimates were £36,360 
and £14,645 per QALY gained, when compared with haematopoietic 
stem cell transplants (HSCTs) from a matched unrelated donor and 
HSCTs from a haploidentical donor, respectively.

• The primary challenge noted by the ERGs was a lack of  
high-quality, randomised, controlled trial data, cited in 6 of 7 
published HST appraisals (Table 2).

• Further common challenges included the use of surrogate outcomes 
in clinical trials, a lack of robust utility data, and uncertainty 
surrounding the natural history of the disease being studied.

• It is often unclear how best to reflect societal benefits associated 
with fewer care duties for family members and caregivers because 
of the introduction of new treatments for rare diseases.

• Barriers to achieving traditional cost-effectiveness thresholds exist, 
including high drug acquisition costs and the use of specialised 
administration centres.

Table 1. Results of NICE HST Appraisals

Drug Name Indication Base-Case  
Incremental Cost

Base-Case  
Incremental QALY Recommendation

NICE (2015)4

Eculizumab
Atypical haemolytic uraemic 
syndrome CiC 25.22 Recommended for funding  

with restrictions

NICE (2015)5

Elosulfase alfa
MPS-IVa CiC 18.18 Recommended for funding

NICE (2016)6

Ataluren

DMD with a nonsense mutation in the 
dystrophin gene in people aged ≥ 5 
years who can walk

Stepped decline extrapolation:
£5,532,819a 8.19

Recommended for funding  
with restrictionsLinear extrapolation:

£8,400,164a 11.75

NICE (2017)7

Migalastat
Fabry disease CiC 0.98 Recommended for funding  

with restrictions

NICE (2017)8

Eliglustat
Type 1 Gaucher disease

A range of costs were  
presented and based on various, 

different patient populations

Treatment-naive: 2.4
Recommended for funding

ERT-stable: 2.28

NICE (2017)9

Asfotase alfa
Paediatric-onset hypophosphatasia CiC 25.04 Recommended for funding  

with restrictions

NICE (2018)10

Strimvelis
Adenosine deaminase deficiency—
severe combined immunodeficiency

MUD: £492,255 MUD: 13.6
Recommended for funding

Haploidentical: £170,668 Haploidentical: 11.7

CiC = commercial in confidence; quality-adjusted life-year; DMD = Duchenne muscular dystrophy; ERT = enzyme replacement therapy; MPS-IVa = mucopolysaccharidosis type IV; ;MUD = matched unrelated donor.
Note: All results presented here are taken from the model’s base case.
aResult not inclusive of the patient access scheme, which is commercial in confidence.

Table 2. Key Limitations of Modelling Approaches Cited by ERG
Drug Name Limitations

NICE (2015)4

Eculizumab
• Non-randomised studies with small sample sizes with intermediate outcomes.
• No direct comparative evidence relating to the benefit of eculizumab vs. standard care.

NICE (2015)5

Elosulfase alfa
• There was limited long-term randomised study evidence in this area.
• As the natural history of MPS-IVa is heterogeneous, it was difficult to establish how robust the estimates of the treatment effect were.

NICE (2016)6

Ataluren
• The key trial had a short follow-up duration.
• It may not be clinically plausible to assume a constant treatment benefit over time.

NICE (2017)7

Migalastat

• The clinical trials had small sample sizes and short trial durations.
• The model simplified Fabry disease progression by not allowing patients with end-stage renal disease to have kidney transplants and 
did not capture different levels of chronic kidney disease, severities of stroke, or types of cardiac complication.

NICE (2017)8 
Eliglustat

•  HRQOL data were collected using the SF-36 questionnaire rather than the EQ-5D.
• Uncertainty surrounding the use of long-term transitions and the use of the GD-DS3 scoring system to define health states.

NICE (2017)9

Asfotase alfa

• Efficacy data were based on single-arm studies, and resource-use data were based on clinical opinion.
• HRQOL was assessed using the Childhood Health Assessment Questionnaire. 
• 6MWT (used to mark health states in model) does not capture all symptoms of hypophosphatasia.

NICE (2018)10

Strimvelis

•  Low patient numbers in the evidence base, leading to uncertainty around survival estimates.
• Patients enter the economic model at aged 1 year, which is younger than the clinical evidence would suggest. This impacts drug costs 
due to weight-based dosing.

6MWT = 6-minute walk test; GD-DS3 = Gaucher Disease Type 1 Severity Scoring System; HRQOL = health-related quality of life; SF-36 = 36-item Short-Form Survey.
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Table 3. Common Challenges
Limitations Cited by ERG Consequence How Can This Be Improved?

Small sample size Trial analysis will be underpowered and may 
not reach correct conclusion

Non-conventional methods for statistical analysis of the data may be 
necessary to account for expected small numbers of patients, such as 
employing a Bayesian approach to analysis of data11

Single-arm trials Results cannot be compared with a control 
group of patients not receiving treatment

Long-term registry data may be available to provide information that can 
be used to inform the comparator arm in the model

Short trial duration with intermediate 
endpoints

Requirement for extrapolation beyond the trial 
time horizon to more relevant outcomes

Consultation with clinical and economic experts to identify key 
endpoints of interest during trial development and validate extrapolation 
beyond the trial time horizon

A lack of high-quality utility estimates HRQOL information used when estimating 
QALYs will be subject to uncertainty

Ensure that a generic, preference-based measure of HRQOL is included 
as a key outcome in any clinical trials (e.g., EQ-5D is recommended by 
NICE)

Lack of natural history information Model structure and model health states will 
be subject to uncertainty

Discuss with clinicians to ensure that model health states and structure 
are clinically plausible

CONCLUSION
• Non-randomised clinical trial data obtained from small samples will 

lead to substantial model input uncertainty.

• Patient and clinician involvement throughout model development 
can help to overcome difficulties surrounding a lack of robust 
clinical evidence.

DISCUSSION
• Weak clinical evidence used to support the key clinical inputs to the 

economic models will impact the robustness of the results.

• Economic models based on non-randomised, single-arm studies 
with small sample size are more likely to be subject to bias in the 
input parameters.

• The use of intermediate clinical endpoints in key studies will lead to 
the requirement for extrapolation to endpoints pertinent to the 
model time horizon.

• Several studies did not obtain utility data that were elicited using 
methods that would meet the NICE reference case.

• Patient and clinician engagement can be achieved by convening 
panels of clinicians and patient experts to discuss key areas of 
uncertainty in a model of an orphan drug.

CONTACT INFORMATION
Ben Rothwell, MSc 
RTI Health Solutions

E-mail: brothwell@rti.org

RECOMMENDATIONS
• Steps can be taken, when preparing for an HST submission, to avoid common 

questions from an ERG.

• Ensuring sufficient evidence generation, incorporating health-related quality of 
life as a key outcome in clinical trials, developing registries of natural history 
information, and obtaining information on the economic and utility impact to 
caregivers would be helpful in mitigating the most common challenges for 
economic modelling in rare diseases.


