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Introduction
 Value-based approaches to trial design explicitly weigh up the expected benefits of information gained from the trial o x10° A B _C | D
against the costs of conducting it . a
8 I : : ?
» Value-based principles can be applied to adaptive trial designs — adaptations are informed by the expected net 5:{_
benefit of potential actions. Here we consider a value-based sequential design proposed by Chick et al. [1] 7t |00 %
* The only existing application of this design is to data from the ProFHER trial [2], which suggested that it would have: EB - :I ;
> Reduced the sample size by 14% (saving 5% of the trial budget) E : 171000 =
» Reduced the expected sample size by 38% (saving 13% of the trial budget) 2 ° ' o
= 3 5
« The NIHR funded ENACT project further investigated the strengths and weaknesses of this design via retrospective 8§ . 1-1500 £
applications to data from two trials — HERO (presented here) and Big CACTUS (see [3]) E 3L =
I 3
« HERO investigated the clinical and cost-effectiveness of hydroxychloroquine (HCQ) vs. placebo for hand osteoarthritis 2| | | o000 2
> 248 patients were individually randomised 1:1 between September 2012 and May 2014 [4] G : =
» Incremental costs and QALYs were close to zero — the trial concluded that HCQ is not cost effective [5] T Cumulative spend (£) =
> 69% of patients had incomplete cost-effectiveness data — multiple imputation was used for the economic analyses ) ~ [z= =Estimate of E[INMB] at one year (£)] o ©
. . . . . . . 2012 2013 2014 2015 2016 2017 2018
« We used data on HERO trial expenditure and cost-effectiveness over time (see Figure 1) to investigate; Year
» Whether there was a stopping point during recruitment (A — B) where the expected monetary benefit of Figure 1: HERO expenditure and cost-effectiveness signal
randomising another pair of patients was smaller than the costs (expected incremental net monetary benefit - E[INMB]) over time.
> The expected increase (n overall value delivered by the value-based sequential design over the original fixed design | A = Recruitment starts, B = Recruitment finishes, C = One year
» The practicalities of applying this design to a trial with large amounts of incomplete cost-effectiveness data follow up finishes, D = Results published

Methods

The value-based sequential design The HERO application

* Bayesian model of a two arm parallel group individually randomised trial « HERO trial expenditure and cost-effectiveness data were used to retrospectively apply the
value-based sequential design to HERO
» Interim analyses every 10 patirs — estimates obtained using multiply imputed data

. Cost effectiveness - E[INMB] - observed with delay of T € Zs, pairwise allocations > Cost-effectiveness signal (posterior mean of E[INMB]) compared with the stopping
) boundary at each interim analysis

« Patients randomised in pairs to new or standard treatment up to a maximum of Ty, patrs

* Prior beliefs about E[INMB] are updated as outcomes are observed (hormal prior/likelthood) . o
« Parameter values used in the application:

* The design establishes a stopping boundary for Stage Il that maximises the expected benefit > Size of population to benefit from adoption decision: 24,500 (2,450/year for 10 years)
resulting from the treatment adoption decision minus the costs of the trial » Sampling standard deviation of INMB: £7,615 (estimated from trial data)
> Prior mean for E[INMB]: £0 (lack of a priori evidence favouring either treatment)
>tage |  otagell >tage Il > Sample size of prior: n, = 2 pairwise allocations (diffuse normal prior for E[INMB])

{(recm'tment Dnlﬂ }{(recm'tmentand ”pdatmg)}{[”pdatmg D"m} > Estimated cost per pairwise allocation: £1,650 (estimated from trial accounts)
> Delay : 7 = 1 year = 74 patrwise allocations

| I I I » Maximum sample size: T,,ax = 124 patrwise allocations (equal to size of the original trial)

0 T T T+t

Figure 2: The three stages of the design (stopping time 7and delay 1) from [1] « Operating characteristics (e.g. expected sample size) investigated using resampling methods

Results

* Re-running the trial - had it been run according to the value-based sequential design, the HERO trial would have:

Mean (£) saving (% of total spend) 798.6 (0.1)
Table 1: Final estimates of E[INMB], overall sample size and cost savings for the 5000 resampled trials

o Stopping boundary, Tm=c = 124 > NOt Stopped earl‘y
N HERO posterior mear » Concluded in favour of placebo — posterior mean of E[INMB] = -£30
‘Tf - oo oostwpane « Expected performance of the design - Only 151 (3%) of the resampled trials resulted in early stopping - expected
m | . Bootstrap path 3 . . . . .
= | Sootstap path 4 sample size was only 0.4% smaller than the sample size of the original trial (Table 1)
i} Mean SD Min. Max.
c o Posterior mean of E[INMB] (£) at end of stage Ill -92.8 654.9 2817.3 2538.9
; Total sample size recruited (pairwise allocations) 123.5 3.1 94 124
S

« We estimate that this translates to a saving of approximately £800 (about 0.1% of the trial budget)

N - . Motr - , - . - « Approximately 55% of the resampled trials resulted in a final estimate of E[INMB] favouring placebo (see Table 2)
0 50 100 150 200
- . HCQ Placebo
no + pairwise allocations

Figure 3: Stage Il stopping boundaries and observed and Final decision 0.448 0.552
resampled paths of posterior mean of E[INMB] Table 2: Proportion of 5000 resampled trials favouring HCQ or placebo
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