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Background and objectives

“This one-day workshop on the use of R for trial and (CEA) s olntly org y peseachers ot ueL, u
Methodology and Research Conduct . Howard Thorn, Gianluca Baio, Anthony Hatswell Dyfrig Hughes, Chris J M

of York, U and Bangor University), led by the MRC Hubs for Trials and
a Soares,Clare Wiliame, Nicky Welton, pammg Dion,Baby Miheyloa and 1y Sehiscko

Funding for the workshop has been provided by the MRC Network of Hubs for Trials

ethodology Research and the UCL Research Group Statlstics for Health Economics

GEA s often performed using S, Excol but despte o caseof use 5 Excel inours the disadvartages ofslow computatona speed and aack ofransparency our vorkaho aimsto explorethe use of R for GEA o anatematie he am ofhe wrkstop s o present  ide
fangeof technical aspects,Incudig  iscusslonof the many avalaleacdn packagesto hlpusers gt the mast out o R or Rover M5 Excel for CEA and for easing
collaboration. (i NICE), academia and industry.

Final Programme

Session 1: Invited talks (1) - chair: Anthony Hatswell

« 9:30-9:45. Howard Thom, University of Bristol. Welcome.
* 9:45-1015. Gianluca Baio. Department of Statistical Science, University College London. R you serio i
is talk aid the work of The a be briefly pr Examples more
established, but often non-optimal computational tools, such as M5 Excel will be demonstrated. Link to relevant web-applications
« 10151035, Marta Soares. Centre for Health Economics, University of York. Using & for Markoy modelling:an in
s talk Rfor in relation o othe used, such asMS ExceL. In this tal, | also present generlc R code for Markov modelling, probabilistic
sensitivity analyses and value of information analyses (using Monte Carlo simulation). R code for deterministic and probabilistic analysis
« 103511:15. 8oby Mihaylova and Iryna Schlackow. Health Economics Research Centre, Nuffeld Department of Public Health, University of Oxford ascular disease In moderate-to-advanced chronic diseas

Th the design and the Syears the SHARP
" aset

X study.
licat of coslanonLequaﬂons Vel demendrse e Interface d will discuss Issues related to model p Paper
model; model interface.

« 11151135 Coffee break.

Session 2:Participants oral presentation session (3 speakers, 15 minutes each) - cha
+ 113511155, Jeroen Janse

Marta Soares

or theumatold arthiiis n R.

s part of the Open Source Value Project (OSVP), we developed a flexbl patient simulation model
fecti st

parameter and structural uncertainty, and decision framework (i..~cos
‘The model faciltat

model) t
keholders about reevantcinialcats, modelng approaChes an a1 perspecines. R and Ca coc 5 avallble I GHHUD raposior, aang with Shiny sever

user interfaces for a non-technical audience.

« 11:5512:15. Eline Krjkamp, Erasmus MC. Introduc

s alk il resent an nroductiont he tools and eucatona materals created b the AT (0 lysis in R for DARTHIs | mu effort aiming to develop transparent and open-source solutions to
in health. trees, cohort models, and DARTH OpenTree,an Interface for bullding
decision trees and Markov models than can output code to R.
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Health technology assessment (HTA)

Objective: Combine costs & benefits of a given intervention into a rational scheme for
allocating resources

@ Assesses the impact of uncertainty (eg in
parameters or model structure) on the
economic results

e Mandatory in many jurisdictions (including
NICE, in the UK)

/ \ o Fundamentally Bayesian!
/ \
/ \
/ \
/ \
7
, N Ae = fe(8) ICER = g(Ae, Ac)
/ N Ac = fe(0) EIB = h(Ae, Ac; k)
\
/ \,
e Estimates relevant population e Combines the parameters to obtain ® Summarises the economic model
parameters 6 a population average measure for by computing suitable measures of
. . ini i “cost-effecti 3
o Varies with the type of costs and clinical benefits cost-effectiveness’
available data (& statistical e Varies with the type of available o Dictates the best course of
approach!) data & statistical model used actions, given current evidence

e Standardised process
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Health technology assessment (HTA) A non exhaustive list!

For each module, we may need/use different/specific packages!

BCEA
EVSI
SAVI @ Assesses the impact of uncertainty (eg in
parameters or model structure) on the
economic results
e Mandatory in many jurisdictions (including
NICE, in the UK)
/ \ o Fundamentally Bayesian!
/ \
/ \
/ \
/ \
/ \
survHE 4 \
missingHE / \
mstate/msm / \
BUGS/Stan/INLA / \ BCEA
e Estimates relevant population e Combines the parameters to obtain ® Summarises the economic model
parameters 6 a population average measure for by computing suitable measures of
. . ini i “cost-effecti 3
e Varies with the type of costs and clinical benefits cost-effectiveness'
available data (& statistical e Varies with the type of available o Dictates the best course of
approach!) data & statistical model used actions, given current evidence

e Standardised process
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Health technology assessment (HTA) A non exhaustive list!

For each module, we may need/use different/specific packages!

BCEA
@ Assesses the impact of uncertainty (eg in
parameters or model structure) on the
economic results
e Mandatory in many jurisdictions (including
NICE, in the UK)
/ \ o Fundamentally Bayesian!
/ \
/ \
/ \
/ \
/ \
/ \
/ \
/ \ BCEA
/ \,
e Estimates relevant population e Combines the parameters to obtain ® Summarises the economic model
parameters 6 a population average measure for by computing suitable measures of
. . ini i “cost-effectiveness”
o Varies with the type of costs and clinical benefits
available data (& statistical e Varies with the type of available o Dictates the best course of
approach!) data & statistical model used actions, given current evidence

e Standardised process
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BCEA: a R package for Bayesian cost-effectiveness analysis

BCEA & its use directly in R are designed with these objectives in mind

@ Checking the model assumptions Throughout ([ Uncertainty analysis

— Do we mean what we mean (eg in terms of PSA simulations)?...
— Simulation error (especially, but not only, for a Bayesian approach)
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BCEA: a R package for Bayesian cost-effectiveness analysis

BCEA & its use directly in R are designed with these objectives in mind

@ Checking the model assumptions Throughout ([ Uncertainty analysis

— Do we mean what we mean (eg in terms of PSA simulations)?...
— Simulation error (especially, but not only, for a Bayesian approach)

© Produce the base-case economic evaluation  Decision analysis

— What's the most cost-effective intervention, given current evidence?
— Cost-effectiveness plane, Expected Incremental Benefit (as a function of k),...

Gianluca Baio (UCL) R you seriously saying we shouldn't use Excel? ISPOR Europe, 14 Nov 2018 4 /16



BCEA: a R package for Bayesian cost-effectiveness analysis

BCEA & its use directly in R are designed with these objectives in mind

@ Checking the model assumptions Throughout ([ Uncertainty analysis

— Do we mean what we mean (eg in terms of PSA simulations)?...
— Simulation error (especially, but not only, for a Bayesian approach)

© Produce the base-case economic evaluation  Decision analysis

— What's the most cost-effective intervention, given current evidence?
— Cost-effectiveness plane, Expected Incremental Benefit (as a function of k),...

@ Perform uncertainty analysis Uncertainty analysis

— Standard PSA (mandatory): Cost-effectiveness Plane, CEAC, ...
— Fairly easy (but not always used): CEAF
— More advanced/ “too difficult” (rarely used): EVP(P)I/EVSI
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BCEA: a R package for Bayesian cost-effectiveness analysis

BCEA & its use directly in R are designed with these objectives in mind

@ Checking the model assumptions Throughout ([ Uncertainty analysis

— Do we mean what we mean (eg in terms of PSA simulations)?...
— Simulation error (especially, but not only, for a Bayesian approach)

© Produce the base-case economic evaluation  Decision analysis

— What's the most cost-effective intervention, given current evidence?
— Cost-effectiveness plane, Expected Incremental Benefit (as a function of k),...

@ Perform uncertainty analysis Uncertainty analysis

— Standard PSA (mandatory): Cost-effectiveness Plane, CEAC, ...
— Fairly easy (but not always used): CEAF
— More advanced/ “too difficult” (rarely used): EVP(P)I/EVSI

© Standardised reporting Throughout
— Graphical tools (use excellent R facilities)
— Rmarkdown: analysis, commenting & reporting all in one go (real transparency +
efficiency!)
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BCEA: a R package for Bayesian cost-effectiveness analysis

http://www.statistica.it/gianluca/BCEA
https://github.com/giabaio/BCEA
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How does BCEA work? Model inputs (“PSA simulations”)
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How does BCEA work? Model inputs (“PSA simulations”)

# Loads BCEA into the R workspace
> library (BCEA)

# Loads the PSA data from the R object "Vaccine”
> data(Vaccine)

# Or from an Excel spreadsheet, for example

> vaccine = read.csv("PSA_simulations.csv")

# Uses BCEA to create suitable input
> inp = Createlnputs(vaccine)

# Shows the first few rows of the PSA matrix
head(inp$mat)

v

Adverse.events Death.1.1. Death.2.1. Death.2.2. GP.1.1. GP.2.1. GP.2.2. Hospital.1.1.

1 1466 1 () 0 1664 958 230 (4
2 5329 1 1 Q 1414 748 276 (4
3 5203 1 1 0 809 489 80 (4
4 2351 2 0 0 1761 1157 261 1
5 8303 1 2 0 2472 964 432 1
6 3607 1 1 0 2224 1342 260 1

Hospital.2.1. Hospital.2.2. Infected.1.1. Infected.2.1. Infected.2.2. Mild.Compl.1.1.
1 1 Q 5992 3401 876 691
2 () 1 7471 4024 1536 570
3] () 0 6718 4300 788 332
4 () 0 4837 3269 702 739
5} 1 0 4749 1894 846 1049
6 0 (] 4938 2976 596 915

(many more rows & variables!)
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How does BCEA work? Checking the model assumptions

# Loads BCEA into the R workspace
> library (BCEA)

# Loads the PSA data from the R object "Vaccine”
> data(Vaccine)

# Or from an Excel spreadsheet, for example

> vaccine = read.csv("PSA_simulations.csv")

# Uses BCEA to create suitable input
> inp = Createlnputs(vaccine)

# Checks that the intended PSA distribution gives meaningful results
> hist(inp$mat$Adverse.events)

Histogram of inpSmat$Adverse.events

Frequency

T 1
0 5000 10000 15000

inp$matsAdverse events
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How does BCEA work? Economic model

# Combines the model parameters to determine costs & effectiveness
> QALYs.inf <- QALYs.pne <- QALYs.hosp <- QALYs.adv <- QALYs.death <- matrix(@,n.sims,2)
> for (t in 1:2) {

QALYs.inf[,t] = ((Infected[,t,1] + Infected[,t,2])*omegal,11/365)/N

QALYs.pne[,t] = ((Pneumonial,t,1] + Pneumonial,t,2])*omegal,41/365)/N

QALYs.hosp[,t] = ((Hospital[,t,1] + Hospital[,t,2])*omegal,5]/365)/N

QALYs.death[,t] = ((Death[,t,1] + Death[,t,2])*omegal,61)/N

> QALYs.adv[,2] = (Adverse.events*omegal,71/365)/N

> e = -(QALYs.inf + QALYs.pne + QALYs.adv + QALYs.hosp + QALYs.death)

# Displays the first few row of the matrix for (e,c) in the two treatment arms
head(cbind(e,c))

2

Status Quo Vaccination Status Quo Vaccination
[1,] -0.0010466668 -0.0008986026 10.409146 16.252537
[2,] -0.0008836105 -0.0007320416 5.834875 9.373437
[3,] -0.0008898137 -0.0006975327 5.784903 15.935623
[4,] -0.0016430238 -0.0011393237 12.208484 18.654250
[5,] -0.0013518841 -0.0009574948 9.786787 16.467321
[6,] -0.0014325715 -0.0009358231 6.560276 9.689887

(many more rows!)
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How does BCEA work?

Decision analysis

Enter BCEA!

# Uses BCEA to perform the decision analysis
> m = bcea(e,c,ref=2,interventions=c(”Status Quo","Vaccination”),...)

# Summarises the results
> summary (m)

Cost-effectiveness analysis summary

Reference intervention: Vaccination
Comparator intervention: Status Quo

Optimal decision: choose Status Quo for k<20100 and Vaccination for k>=20100

Analysis for willingness to pay parameter k = 25000
Expected utility

Status Quo -36.054

Vaccination -34.826

EIB CEAC ICER
Vaccination vs Status Quo 1.2284 0.529 20098

Optimal intervention (max expected utility) for k=25000: Vaccination

EVPI 2.4145
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How does BCEA work? Decision analysis

Enter BCEA!

# Uses BCEA to perform the decision analysis
> m = bcea(e,c,ref=2,interventions=c(”Status Quo"”,"”Vaccination”),...)

# Plots the results

> plot(m)
Cost effectiveness plane Expected Incremental Benefit
Vaccination vs Status Quo and 95% credible intervals

~ICER=20097.59 2

g
3 M
2 2 g4
gz °
g -
§
oo s = 20100 —
. T . . . —
0.0005 00000 0.0005 00010 0.0015 0 10000 20000 30000 40000 50000
Effectiveness differential Willingness to pay
Effectivent "
Cost Effectiveness Expected Value of Information
Acceptability Curve
£ o -
g 3 S
L "
. g -
g5 @
2 -7
3~ a
g ° Chl
&
° T T T T T T S T T T T T T
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
Willingness to pay Willingness to pay
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How does BCEA work? Advanced analyses

Enter BCEA!

# Makes the analysis of the Expected Value of Partial Perfect Information
> x = evppi(c("beta.1."”,"beta.2."), inp$mat, m)

# Plots the outcome
> plot(x)

Expected Value of Perfect Partial Information

e
| — EvePiforbeta1, and bera2.

25

20

15

1.0

05

T T T T T T
0 10000 20000 30000 40000 50000

Willingness to pay ﬂ l I ii I
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How does BCEA work? Advanced analyses

Enter BCEA!

# Summarises uncertainty in the decision making process by means of the "Info Rank” plot

info.rank(inp$parameters , inp$mat ,m)
Info—rank plot for willingness to pay=20100

000 002 0 00 008
Proportion of total EVPI H l I i i I
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Health technology assessment (HTA)

For each module, we may need/use different/specific packages!

EVSI
® Assesses the impact of uncertainty (eg in
parameters or model structure) on the
economic results
e Mandatory in many jurisdictions (including
NICE, in the UK)
/ N e Fundamentally Bayesian!
/ \
/ \
/ \
/ \
/ \
4 \
/ \
/ \
/ \
e Estimates relevant population e Combines the parameters to obtain ® Summarises the economic model
parameters 6@ a population average measure for by computing suitable measures of
o Varies with the type of costs and clinical benefits “cost-effectiveness”
available data (& statistical @ Varies with the type of available o Dictates the best course of
approach!) data & statistical model used actions, given current evidence

e Standardised process
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Vol: Basic idea Upccoming papers in ViH — ISPOR Task Force

e A new study will provide new data
— Reducing (or even eliminating) uncertainty in a subset of model parameters
e Update the cost-effectiveness model

— If the optimal decision changes, gain in monetary net benefit (NB = utility) from using
new optimal treatment
— If optimal decision unchanged, no gain in NB

e Expected VOI is the average gain in NB
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Vol: Basic idea and relevant measures

e A new study will provide new data
— Reducing (or even eliminating) uncertainty in a subset of model parameters
e Update the cost-effectiveness model

— If the optimal decision changes, gain in monetary net benefit (NB = utility) from using
new optimal treatment
— If optimal decision unchanged, no gain in NB

e Expected VOI is the average gain in NB
o

@ Expected Value of Sample Information (EVSI)
— Value of reducing uncertainty by conducting a study of given design
— Can compare the benefits and costs of a study with given design
— Is the proposed study likely to be a good use of resources? What is the optimal design?

Gianluca Baio (UCL) R you seriously saying we shouldn’t use Excel? ISPOR Europe, 14 Nov 2018 8/ 16



Research pl’iOI’ityZ Expected Value of Sample Information
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https://github.com/giabaio/EVSI
https://egon.stats.ucl.ac.uk/projects/EVSI

Heath et al (2018). https://arxiv.org/abs/1804.09590
Heath et al Medical Decision Making. 2017. 38(2): 163-173
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Research priority: Expected Value of Sample Information
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Health technology assessment (HTA)

For each module, we may need/use different/specific packages!

® Assesses the impact of uncertainty (eg in
parameters or model structure) on the
economic results

e Mandatory in many jurisdictions (including
NICE, in the UK)

/ N e Fundamentally Bayesian!
/ \
/ \
/ \
/ \
/ \
survHE / N
/ \
/ \
/ \

e Estimates relevant population e Combines the parameters to obtain ® Summarises the economic model

parameters 6@ a population average measure for by computing suitable measures of
o Varies with the type of costs and clinical benefits “cost-effectiveness”

available data (& statistical @ Varies with the type of available o Dictates the best course of

approach!) data & statistical model used actions, given current evidence

e Standardised process
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survHE: a R package for survival analysis in HTA

Objective: Simplify and standardise commands to fit survival analysis

e Can do MLE + bootstrap to get (possibly rough-ish!) estimates from the joint
distribution of the parameters
e Can also do Bayesian models to get (usually better!) estimates from the joint
posterior distribution of the parameters
— INLA: Super fast (comparable to MLE), but currently supports only a restricted range
of models
— MCMC: Slower, but more generalisable — survHE produces and saves the model code
+ data & initial values, so the user could then customise them
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survHE: a R package for survival analysis in HTA

Objective: Simplify and standardise commands to fit survival analysis

e Can do MLE + bootstrap to get (possibly rough-ish!) estimates from the joint
distribution of the parameters

e Can also do Bayesian models to get (usually better!) estimates from the joint
posterior distribution of the parameters

— INLA: Super fast (comparable to MLE), but currently supports only a restricted range
of models

— MCMC: Slower, but more generalisable — survHE produces and saves the model code
+ data & initial values, so the user could then customise them

e Automatically produce specialised graphs
— Survival curves + model fitting statistics (AIC, BIC, DIC)

e Can produce a full PSA characterisation of the parameters and the survival curves
— These can be directly used in the economic model!
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survHE: a R package for survival analysis in HTA

Objective: Simplify and standardise commands to fit survival analysis

PSA & extrapolation

< Qrite. surHake. surD—» psa.plot ’

Data preparation

make.ipd | — ~( fit.models \
digitise -

- J

Model fitting & assessment

https://github.com/giabaio/survHE
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All in! Web-apps based on R-Shiny
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http://savi.shef.ac.uk/SAVI/

/ savi-Sheffield Accelerate... %\
shofacuk B+ ¢ |[Qsearch O+ ado 7

oty SAVI - Sheffield Accelerated Value of Information

Sheffield.

Release version 2.0.10 (2015-09-24)
Copyright & 2015 Universiy of Shefleid

Aboutyour model  Importfiles  Checkupload ~ PSAResuts  EVPI  EVPPIsingle parameters  EVPPIgroups  Report  Aboutus

What SAVI does

Using only PSA results from your model Slgn U for SAVI news and upda‘es
Send a blank email to savi@sheffield.ac.uk
In  mater ofsecondsfrom the SAVI oniine applcation you can generate
1. Standardised assessment of uncertainty (C-E planes and CEACS) e won' sharo your emal eddress wh anone

2. Overall EVPI per patient, per jurisdiction per year and over your decision relevance horizon Also, you can now follow SAVI on Twitter. The SAVI team tweet regular
3. Expected Value of Perfect Parameter Information (EVPPI) for single and groups of parameters updates and new features
For individuaHlevel simulation models you only need to simulate a small number of individuals per PSA sampl. See the *About your mode” tab. W Follow @Sheheldsavi

Disciaimer: This application s based on peer-reviewed statistcal approximation methods. It comes with no warranty and should be utiised at the user's own
tisk (see here). The underlying code s made avalable under the BSD 3-clause license,

News
SAVI i now avalable as an R package, allowing you to run SAVI
directly on your own machine. You can download insiructons here.

For more information on the method see Mark Strong's website o this paper.

The SAVI process has 4 sieps (using the TABS from lef to right)
Step 1: Save PSA input parametes, costs and effects as separate csv fles

R — - v | Known issues
‘Sometimes SAVI will either not load, or will hang for a while. This is
because SAVI can only deal with one set of computations at a time,
even though SAVI allows mple concurtent users. Be assurred that
‘SAVI keeps concurrent users' data and results separate.

The "Save session" and "Load previously saved session” facilties are
temporariy out of action due to problems of backward compatibiity
with SAVI version 1

The report that SAVI generates s not quite as polished as we would
like. We are working on ths.

New features and bug fixes

Fix for version 2.0.9

We have added a nofe on the EVPPI Groups tab to say that the GP
method for calculating partial EVP for groups of five or more
parameters uses only the first 7,500 rows of the P
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http://savi.shef.ac.uk/SAVI/

BCEAweb

Fie Ede View History
BCEAWED *\

Bookmarks  Tools Help

https://egon.stats.ucl.ac.uk/projects/BCEAweb/

€

uelacuk A

BCEAweb

Welcome

1.Checkassumptions 2. Economic analysis

I this panel, the user can upload the simulation data for the economic
output avectorof h
effectiveness variable and 2 vector of simulations for the cost variable,
for each of the interventions being assessed.

‘The user can alsospemfylhe s U s

Interventions Clickingthe button willrun BCEAn
the background to perform the economic anaysi.

I this panel, the user X th
parameters.

1. Import the (e.c) data from:

Spreadsheet. -

Choose .CSVFile

oo ffect cots, o X EAwehe
2. Define the grid of values for the willingness to pay (wtp)
min max step

o 50000 100

3. Define value for the wtp threshold (eg £)

10000

4.Define Intervention labels

Intervention1

Intervention2

Intervention3

nca intervantion

Gianluca Baio (UC

21, Cost Effectiveness Analysis

[

3.Probabilistic Sensitivity Analysis

4.Value ofinformation 5. Report

22.CostEffectiveness plane

23 Expected Incremental Benefit 2.4 CostEffectiveness EFficiency Frontier

Gost-EMtectiveness Plans Select comparison to plot
Intervention1 s Intervention2 [
Intervention vs Intervention?] -
Al

Intervention vs Intervention2

Intervention vs Intervention3
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Let's go all the way?... https://egon.stats.ucl.ac.uk/projects/MMweb/

Tintroduction  2.Parameterinput | 3.Cohortsimulation 4. Health economic evaluation 5. Value of information

2.5 Autocorrelation

2.1 Check assumpt

22Traceplots  23GRplots 2.4 Effe

Parameter of interest Select the number of BINs for histogram

Show base-case Weekly occurrence anaemia bendamusting
7 ——

After completing the selection of the inputs, click
the button to run the statistical analysis
Histogram of WeeKkly occurrence anaemia bendamustine

MeMc simulations 50 A

Population parameters | Survivalanalysis  Administration costs

Treatment costs  Adverse eve Utiities &
g
Population indolent non-Hodgkin's lymphoma (source) [
£
13518 =
6 rituximab refractory follicular lymphoma o
Mean (source) SD (assumption) 8
s 001
Mean age (source) °
- T T ™ T T !
6207 o001 ooz oo0s  ooos cots oo 0007
Weshlyoccurrence anaemia bendamustine
Weight in kg
Mean (source) 5D (assumption) Mean standard deviation 5% Median  97.5% Monte Carlo SE
81 10 00029703 00010262 00012969 00028678 00053797  0.0004194
Helght in cm
Mean (source) D (assumption)
169.52 10
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Escape (from Excel) to victory
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