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1 Sensitivity analyses for the REFLUX RCT
Our motivating example trial had over 50% missing cost-effectiveness outcomes, with a few missing data in
the baseline covariate. As primary analysis, we performed MI and full Bayesian analyses, that intrinsically
obtain a predictive posterior distribution for these missing values, and reported the results of these analyses
in the main text.

As a sensitivity to the MAR assumption, we present here the complete case analysis (N=172) of the
REFLUX RCT, adjusting for baseline EQ5D. The results are valid if conditional on baseline EQ5D, the
missing data mechanism is independent of the outcomes.

Table A1: Estimated cost-effectiveness for the REFLUX RCT, over a time horizon of five years according to ITT
and alternative methods for estimating the CACE based on complete cases. Treatment switches are defined within
the first year post randomisation. Costs and INB numbers rounded to the nearest integer.

Incremental costs, QALYs and INB of surgery vs medicine
Outcome Method estimate ( 95% CI )

Incremental cost
ITT 1626 (1098, 2153)
2sls 2102 (1484, 2720)
3sls 2102 (1484, 2720)

uBN 2112 (1401, 2879)
uBGN 2195 (1481, 3065)

BFL 2081 (1457, 2705)

Incremental QALYs
ITT 0.319 (−0.055, 0.694)
2sls 0.412 (0.137, 0.688)
3sls 0.412 (0.137, 0.688)

uBN 0.413 (0.136, 0.704)
uBGN 0.285 (−0.066, 0.629)

BFL 0.414 (0.135, 0.703)

INB
ITT 7948. (−3259, 19155)
2sls 10275 (1997, 18554)
3sls 10275 (1828, 18724)

uBN 10280, (1947, 18980)
uBGN 6362 − 4497, 16941)

BFL 10353 (1789, 19165)

As can be seen in Table A1, the conclusions each model reaches are not substantially changed from
those under MAR (either using MI or full Bayesian), presented in the main text.
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1.1 Sensitivity analysis of the BFL to choice of priors
We now study the sensitivity of the BFL model to the choice of priors for the parameters in the model.
Recall that this model can be written as Di

Y1i
Y2i

 ∼ N

 µ0i

µ1i
µ2i

 ,Σ

 Σ =

 σ20 s01 s02
s01 σ21 s12
s02 s12 σ22

 (1)

where sij = cov(Yi, Yj), and

µ0i = β0,0 + β1,0Zi

µ1i = β0,1 + β1,1β1,0Zi

µ2i = β0,2 + β1,2β1,0Zi (2)

Originally, we chose normal priors for the regression coefficients, βm,j ∼ N(0, 102), for j ∈ {0, 1, 2},m ∈
{0, 1}, and a Wishart prior for the inverse of Σ (Gelman and Hill, 2006).

Here, we first vary the prior distribution for Σ, and assume a structured covariance matrix (see Congdon
(2007) example 5.8, and Lunn et al. (2012), example 9.1.4). Thus, we write:

Σ =

 s00s00 ρ1s00s11 ρ2s00s22
ρ1s00s11 s11s11 ρ3s11s22
ρ2s00s22 ρ3s11s22 s22s22

 (3)

and assumed the following priors

sij ∼ N(0, 102), ρj ∼ Unif[−1, 1] (4)

In a secondary sensitivity analysis, we assume a Wishart prior for Σ as before, but used uniform priors for
the regression coefficients, βm,j ∼ Unif[−10, 10], for j ∈ {0, 1, 2},m ∈ {0, 1}. We did these changes on
both available cases and complete cases. The results corresponding to INB are reported in Table A2.

Table A2: Results from sensitivity analysis of the BFL to prior specifications for the INB of the motivating
example: CEA within the REFLUX trial. INB reported to the nearest integer, in Great British Pounds
(GBP).

Data Priors INB estimate 95% CI
Available cases Structured precision matrix1 10421 (1878, 19187)

normal priors for βm,j
Available cases Wishart prior for the precision 10405 (1733, 19330)

Unif prior for βm,j
Complete cases Structured precision matrix 10425 (1792, 19156)

normal priors for βm,j
Complete cases Wishart prior for the precision 10428 (1894, 19279)

Unif prior for βm,j
1 Following the specifications of equation (4) in this Appendix.

2 Supplementary Results from the simulations
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Figure A1: Median Bias for scenarios with 70% non-compliance and sample sizes of (a) n = 100 (top) and (b) n = 1000.
Results are stratified by cost distribution, and correlation between cost and QALYs. The dotted line represents zero bias. Results
for 2sls (not plotted) are identical to those for 3sls; uBGN was not applied to Normal cost data.
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Table A10: RMSE for incremental Cost, QALYs and INB across scenarios with 30% non-compliance,
high correlation between outcomes and sample size n = 100. uBGN was not applied in settings with
normal cost data. Numbers for INB have been rounded to the nearest integer..a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.8 0.059 0.060 0.060
-0.8 0.059 0.061 0.060

QALYs
0.8 0.029 0.030 0.030

-0.8 0.029 0.030 0.030
INB

0.8 54 55 56
-0.8 137 140 139

Gamma Cost
0.8 0.192 0.196 0.194 0.196

-0.8 0.196 0.200 0.205 0.200
QALYs

0.8 0.029 0.030 0.030 0.030
-0.8 0.029 0.030 0.030 0.030

INB
0.8 138 141 137 141

-0.8 271 276 281 276
Inverse Cost
Gaussian 0.8 0.226 0.229 0.272 0.229

-0.8 0.225 0.228 0.272 0.228
QALYs

0.8 0.029 0.030 0.032 0.030
-0.8 0.028 0.029 0.031 0.029

INB
0.8 175 178 210 178

-0.8 291 296 345 296
a uBN: unadjusted Bayesian Normal-Normal model;uBGN: unadjusted Bayesian Gamma-Normal models;

BFL: Bayesian Full Likelihood
b The RMSE corresponding to 2sls is identical to that for 3sls, by definition.
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Table A11: RMSE for incremental Cost, QALYs and INB across scenarios with 30% non-compliance,
moderate correlation between outcomes and sample size n = 1000. uBGN was not applied in settings
with normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.4 0.018 0.018 0.018
-0.4 0.018 0.018 0.018

QALYs
0.4 0.009 0.009 0.009

-0.4 0.009 0.009 0.009
INB

0.4 26 26 26
-0.4 38 38 39

Gamma Cost
0.4 0.061 0.061 0.061 0.061

-0.4 0.061 0.061 0.061 0.061
QALYs

0.4 0.009 0.009 0.009 0.009
-0.4 0.009 0.009 0.009 0.009

INB
0.4 55 55 56 55

-0.4 75 75 76 75
Inverse Cost
Gaussian 0.4 0.072 0.072 0.075 0.072

-0.4 0.072 0.072 0.076 0.073
QALYs

0.4 0.009 0.009 0.035 0.009
-0.4 0.009 0.009 0.035 0.009

INB
0.4 66 66 69 66

-0.4 85 86 89 86
a uBN: unadjusted Bayesian Normal-Normal model;uBGN: unadjusted Bayesian Gamma-Normal models;

BFL: Bayesian Full Likelihood
b The RMSE corresponding to 2sls is identical to that for 3sls, by definition.
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Table A12: RMSE for incremental Cost, QALYs and INB across scenarios with 30% non-compliance,
high correlation between outcomes and sample size n = 1000. uBGN was not applied in settings with
normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.8 0.019 0.019 0.019
-0.8 0.018 0.018 0.018

QALYs
0.8 0.009 0.009 0.009

-0.8 0.009 0.009 0.009
INB

0.8 17 17 17
-0.8 43 43 44

Gamma Cost
0.8 0.062 0.062 0.061 0.062

-0.8 0.062 0.062 0.062 0.062
QALYs

0.8 0.009 0.009 0.009 0.009
-0.8 0.009 0.009 0.009 0.009

INB
0.8 44 44 43 44

-0.8 85 85 84 85
Inverse Cost
Gaussian 0.8 0.073 0.073 0.105 0.073

-0.8 0.072 0.072 0.103 0.072
QALYs

0.8 0.009 0.009 0.011 0.009
-0.8 0.009 0.009 0.011 0.009

INB
0.8 56 56 80 56

-0.8 94 94 132 94
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Table A13: RMSE for incremental Cost, QALYs and INB across scenarios with 70% non-compliance,
moderate correlation between outcomes and sample size n = 100. uBGN was not applied in settings with
normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.4 0.145 0.207 0.181
-0.4 0.146 0.203 0.182

QALYs
0.4 0.074 0.104 0.089

-0.4 0.074 0.109 0.088
INB

0.4 212 272 264
-0.4 309 396 383

Gamma Cost
0.4 0.467 0.565 0.682 0.559

-0.4 0.456 0.553 0.636 0.549
QALYs

0.4 0.072 0.097 0.082 0.085
-0.4 0.073 0.099 0.083 0.086

INB
0.4 426 520 429 500

-0.4 570 697 758 687
Inverse Cost
Gaussian 0.4 0.521 0.622 0.946 0.622

-0.4 0.516 0.635 1.096 0.635
QALYs

0.4 0.073 0.094 0.092 0.094
-0.4 0.074 0.092 0.110 0.092

INB
0.4 484 583 632 583

-0.4 630 865 967 865
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Table A14: RMSE for incremental Cost, QALYs and INB across scenarios with 70% non-compliance,
high correlation between outcomes and sample size n = 100. uBGN was not applied in settings with
normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.8 0.147 0.201 0.180
-0.8 0.147 0.209 0.182

QALYs
0.8 0.072 0.100 0.086

-0.8 0.075 0.109 0.090
INB

0.8 131 169 169
-0.8 351 447 425

Gamma Cost
0.8 0.450 0.543 0.604 0.531

-0.8 0.454 0.546 0.563 0.538
QALYs

0.8 0.072 0.097 0.081 0.086
-0.8 0.073 0.096 0.084 0.086

INB
0.8 313 377 429 368

-0.8 638 768 758 773
Inverse Cost
Gaussian 0.8 0.532 0.637 0.902 0.637

-0.8 0.526 0.635 1.010 0.635
QALYs

0.8 0.074 0.092 0.100 0.092
-0.8 0.074 0.092 0.096 0.092

INB
0.8 395 468 615 468

-0.8 704 865 1022 865
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Table A15: RMSE for incremental Cost, QALYs and INB across scenarios with 70% non-compliance,
moderate correlation between outcomes and sample size n = 1000. uBGN was not applied in settings
with normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.4 0.043 0.043 0.043
-0.4 0.043 0.043 0.043

QALYs
0.4 0.022 0.022 0.022

-0.4 0.022 0.022 0.022
INB

0.4 61 62 62
-0.4 90 91 91

Gamma Cost
0.4 0.135 0.135 0.138 0.136

-0.4 0.134 0.135 0.138 0.135
QALYs

0.4 0.021 0.021 0.021 0.021
-0.4 0.021 0.021 0.021 0.021

INB
0.4 124 169 126 125

-0.4 168 169 172 170
Inverse Cost
Gaussian 0.4 0.151 0.153 0.158 0.153

-0.4 0.152 0.153 0.158 0.153
QALYs

0.4 0.021 0.022 0.022 0.022
-0.4 0.021 0.022 0.022 0.022

INB
0.4 141 142 147 142

-0.4 185 187 193 187
a uBN: unadjusted Bayesian Normal-Normal model;uBGN: unadjusted Bayesian Gamma-Normal models;

BFL: Bayesian Full Likelihood
b The RMSE corresponding to 2sls is identical to that for 3sls, by definition.
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Table A16: RMSE for incremental Cost, QALYs and INB across scenarios with 70% non-compliance,
high correlation between outcomes and sample size n = 1000. uBGN was not applied in settings with
normal cost data. Numbers for INB have been rounded to the nearest integer.a

Cost distribution ρ 3slsb uBN uBGN BFL
Normal Cost

0.8 0.043 0.043
-0.8 0.043 0.043 0.043

QALYs
0.8 0.021 0.021 0.021

-0.8 0.021 0.022 0.021
INB

0.8 39 39 39
-0.8 100 101 101

Gamma Cost
0.8 0.135 0.137 0.135 0.137

-0.8 0.133 0.135 0.133 0.135
QALYs

0.8 0.021 0.022 0.022 0.021
-0.8 0.021 0.021 0.021 0.021

INB
0.8 95 96 94 96

-0.8 187 188 186 188
Inverse Cost
Gaussian 0.8 0.155 0.157 0.190 0.157

-0.8 0.151 0.153 0.192 0.153
QALYs

0.8 0.021 0.021 0.023 0.021
-0.8 0.021 0.021 0.023 0.021

INB
0.8 118 119 144 119

-0.8 201 203 250 203
a uBN: unadjusted Bayesian Normal-Normal model;uBGN: unadjusted Bayesian Gamma-Normal models;

BFL: Bayesian Full Likelihood
b The RMSE corresponding to 2sls is identical to that for 3sls, by definition.
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2.1 RMSE details
The RMSE of an estimator θ̂ can be defined as follows

RMSE(θ̂) =

√
E((θ̂ − θ)2)

where θ is the true value of the parameter.
An equivalent formulation is

RMSE(θ̂) = Var(θ̂) + Bias(θ̂)2,

with Var(θ̂) = 1
nsims

∑
i

(
θ̂i − θ̄

)2
the empirical variance of the estimator, where θ̄ = 1

nsims

∑
i θ̂i.

From this, it is clear that since both 2sls and 3sls methods obtain the same point estimate θ̂ for costs,
QALYs and INB, this results in the same RMSE, under whichever definition.

On the other hand, the coverage, and the confidence interval width are calculated using the model-based
standard errors si of the estimators. In the case of the coverage this is

Coverage =
1

nsims

∑
i

1

(
|θ̂i − θ| < zα/2si

)
,

and since the two methods in question obtain different model-based SE for INB (but not for the other two
outcomes), these two measures of performance are different between 2sls and 3sls.
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