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Methodological challenges associated with early 

economic evaluation: A case of an RNA-based 

therapy for fistulizing Crohn’s disease

• Across the 10 fitted transition matrix scenarios (M01-10), total 

costs were consistently higher for RNA-based therapy (at an 

assumed cost of £900/month) than for UPA. Total QALYs were 

lower (Figures 5, 6).

• In the base-case analysis, RNA-based therapy was dominated 

by UPA with higher costs (+£341, +£335) and fewer QALYs 

(−0.011, −0.009) (Table 1). 

• The value-based price was £851-£853/month at a threshold of 

£25,000/QALY (Table 2). 

• Sensitivity analysis indicated that at £900/month, the RNA-based 

therapy required a utility gain of at least +0.025 across all health 

states to achieve £0 NMB at £25,000/QALY (Figure 7).

• The density of points on the cost-effectiveness plane was 

centred in the northwest quadrant, consistent with the finding of 

dominance (Figure 8).

• Based on structured expert elicitation estimates of benefit, the RNA is predicted to be dominated at 

a price matching upadacitinib (£900/month). 

• Equivalence in cost-effectiveness could be achieved with a price reduction (to ≤ £875/month), or a 

gain in utility potentially achieved with fewer adverse reactions or improved patient convenience.

Conclusions

Results
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Oral delivery of encapsulated RNA nanotherapeutics for targeted treatment 
of ileal Crohn's disease.

• Markov model constructed with monthly cycles representing induction and maintenance phases, a 

12-month horizon and a UK National Health Service perspective (Figure 1).

• Transition probabilities (monthly transition matrices represented as T) from trials of UPA3 (Figures 

2&3), and expert elicitation survey of RNA-based therapy (poster SA6).

• Large-period matrices (M) fitted to observed states via constrained optimization (with recurrence/new-

onset constraints), then matrix root extraction6: 

For the induction phase (week 0 to week 12, ~12 weeks): 𝑇1
3 = 𝑀12, thus: 𝑇1 = 𝑀12

1/3

For the maintenance phrase (week 12 to week 52, ~40 weeks): 𝑇2
9 = 𝑀40, thus: 𝑇2 = 𝑀40

1/9

• Weighted least squares error function minimised: 

𝑡𝑜𝑡𝑎𝑙 𝑒𝑟𝑟𝑜𝑟 = ∥ 𝑃0𝑀12
3 − 𝑃12 ∥2  + 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒12 − 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒12

2;
𝑡𝑜𝑡𝑎𝑙 𝑒𝑟𝑟𝑜𝑟 = ∥ 𝑃12𝑀40

9 − 𝑃52 ∥2  + 𝑝𝑟𝑒𝑑𝑖𝑐𝑡𝑒𝑑 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒52 − 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑟𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒52
2 

• 10 random-restart solutions per arm used to avoid local optima (Figure 4), then aggregated final 

matrices equally and weighted by inverse of trace-fitting error.

• Cost and utility derive from published literature4,5.

• Value-based price of RNA-based therapy determined from a threshold analysis for zero Incremental 

net monetary benefit (INMB) at £25,000 and £35,000 QALY gained7. A two-way sensitivity analysis 

jointly varied drug price and utility gain to pricing boundaries
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Figure 4. All 10 Markov simulated traces for UPA (left) and RNA (right) 

Figure 5. Distribution of total costs and QALYs across 10  fitted transition matrix scenarios 

Figure 6. Distribution of incremental  results across 10  fitted transition matrix scenarios 

• Crohn’s disease is a chronic, progressive GI inflammatory disorder marked by irreversible bowel 

damage accumulation, yet despite advances in biologics and small-molecule agents, up to 30% of 

patients fail to respond to available advanced therapies1.

• RNA-based therapy (RNA) offer the potential for local, tissue-targeted modulation of gene expression, 

thereby treating inflammation at its source while avoiding systemic side effects2.

• Early health technology assessment (eHTA), unlike traditional cost-effectiveness analysis (CEA), may 

be used to address the questions:

What is the value-based price of a novel technology under a range of efficacy scenarios? 

Which attributes of the technology contribute most to its value? 

What evidence would be most valuable to inform drug development? 

• The aim was to estimate the price at which an RNA-based therapy that is in pre-clinical development 

for Crohn’s disease, represents good value to a healthcare payer compared with upadacitinib (UPA) Figure 1. The de novo Markov model 

for fistulizing Crohn’s disease  
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WTP 

£/QALY

Equal 

Weighted

Unequal 

Weighted

£25,000 £853 £851

£35,000 £845 £842

Table 1. Base-case results 

Introduction

Figure 7. Cost-effectiveness zones at £25K/QALY WTP Figure 8. Cost-effectiveness plane 

Total Cost (£) Total QALY
ΔCost (£) ΔQALY

INMB 

(£) RNA UPA RNA UPA

Unequal 

Weighted
24508 24167 0.497 0.508 341 -0.011 -615 

Equal 

Weighted
24489 24154 0.501 0.510 335 -0.009 -566 

Table 2. RNA price achieves £0 INMB
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Figure 2. Patient proportions using UPA or placebo (PBO) in clinical endpoints at week12 (left) and week 52 (right)   

Figure 3. Proportion of patients with fistula 

recurrence or new onset of  fistulas using 

UPA or PBO at week 12 (far left) and week 

52 (left) 
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