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Developing relevant economic
models with R for health technology
assessment

Devin Incerti

What is a relevant model?

\Y

Based on available clinical evidence

\%

Quantifies decision uncertainty

\Y

Transparent and reproducible

\Y

Reusable and adaptable
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Building an economic model for decision analysis
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Example: a multi-state model in oncology

WP ()

/ "o

> 3 health states > 3 transitions where h's(u) is the time-varying
hazard for transitions from staterto s as a
function of time u

Stable -> Progression

Stable -> Death

S1: Stable disease
P1: Progressed disease
D: Death

Progression -> Death
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Parameterizing multi-state models

Statistical method ‘ R package Data

Network meta-analysis rjags/rbugs/rstan Summary data from RCTs

Parametric & spline models flexsurv Continuously observed
processes

Non-parametric and semi- mstate Continuously observed

parametric models processes

Exponential and piecewise msm Panel data

exponential models

Multi-state data with continuously observed processes Fitting a multi-state Weibull model with flexsurv

» heaXestate_dota) fit_wei <- flexsurv::flexsurvreg(surv(years, status) ~
potient_id strotegy (d from to Tstort Tstop yeors stotus trons factor(strategy_id) * trans +

1: 1 1 1 I D.0000 4.232950 4. 72950 1 1 shape(trans),

2: 1 11 3 0.000000 4.2329%0 4.792950 @ F data = mstate_data,

3 1 1 2 3 4.29295 9.872690 5.579742 1 3 dist = "weibul1")

4 2 1 1 Z 0.000000 2.762491 2.762491 1 3 A“clock reset”

51 2 1 1 3 0.0000 2.76249% 2.7624M 3 2 model

61 1 1 2 3 2.7624% 5,355236 2.5M2745 1 3

E

hesim: a new R package for integrating statistical and
economic models for decision analysis

| Estimation data | | Input data |
*_ i N e . * N s . R
Parameterization Simulation Decision analysis
I CEA
Utility model Utility model l
MCDA
Cost model(s) Cost model(s)
N J N J N J

Economic models are constructed by combining statistical models for disease progression, utility, and costs.
Disease progression, QALYs, and costs are simulated, which are used for decision analysis
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Simulating an economic model

> Individual continuous time state transition models (iCTSTMs) can be used to simulate “clock-
reset” multi-state models in hesim

> Disease progression, utilities and costs simulated as function of input data and parameters

Input data for disease model
strotegy.id petient Li tAessition oge Female From to  from rome 10N trirs
1: 1 1 MM 133 Steble Frogoensed 1
2 1 1 7 W e TS O Steble Jead 7
3 1 1 LR ] L 2 3 Progressed Sew) 3
. 1 F 1 2. e Y Stoble Progreaaed 1
ki 1 ? 2 3.58M Pl steble ded 7 Simulated disease progression
sorple strotegy_id potient_id from to Firo]l tise_start tiem_stop
Y 1 1 1 1 1 2 R R.0000200 8.6540319
g 2 1 12 3 1 B.6348819 1672770
A 1 1 2 13 1 0. 000:e 2.577878¢
Parameters for disease model Sl e X 1 10012 @ B.0N0Ne 0.64M6L8
[T - 1 1 3 2.3 1 .0Me6648 73912212
dotx mecn  wxt L e o oplet) L8 0N 6: 1 1 4 12 8 0. &e0xe 10894159
Shwe M M BN A - “ "
scale A SIS AWM 2GR e e ™ LR
“actorCatrategy 1032 BADN S 2N e LmE e ramw Y
rent » e L H L Y 3 S iam 1.5%% LR O
trancl BG40 0055 Bl AT Q5N 14T
'n::r(n—v-.m.m:nmz ST a4 15%0 6.2 rwe  wam orsn Uncertainty in parameters R code is a wrapper for
fectiv(stomeg (0 bowmd  BLEN3 90157 18P 85O PEVH  Me ) % propagated to uncertainty underlying C++, which
O e ) 02 .G e LTS JRUD L4 27w in disease progression via makes PSA with
shavedtrans) B.2MA D401 00455 4 L LI 1A microsimulation fast
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R facilitates script based analyses

> Economic model combines disease model (i.e., transition model for iCTSTM),
utility model, and cost models

econmod <- IndivCtstm$new(trans_model = transmod,
utility_model = utilmod,
cost_models = costmods)

> Which is used to simulate costs and quality-adjusted life-years (QALY'S)

econmod$sim_disease()
econmod$sim_galys(dr
ecpnmod$sim_costs(dr

.03)
.03)

> And can be used for cost-effectiveness analysis

# with hesim # with BCEA
ce <- econmod$summarize() galys_mat <- matrix(ce$qgalys$galys, nrow = n_samples,
icea <- icea(ce, dr = .03) byrow = TRUE)
icea_pw <- icea_pw(ce, dr = 0.03, costs_mat <- matrix(ce$costs$costs, nrow = n_samples,
comparator = 2 byrow = TRUE)
bcea <- BCEA::bcea(e = galys_mat, ¢ = costs_mat,
ref = 2)
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Making models reproducible with R Markdown

W Corstructing the mode
We corstruct the economic model by corbining the separate models for the health state tronsitions, utility, ond costs.

{3 »

n s&‘.ﬂcs < 10e

£2% Heolth stote transition model

Health stote tronsitions are sisulotod as g function of Lrput dato (which contains the covoriotes froe the multl-stote
mockel describing differences in trorsition rotes across trectrents) ond paraseters (the coefficients from the
multi-stote NVA). These are autoeoticolly creoted as a function of the wodel structure, tronsition motrix, ond patient
population with crecte_tromsmod_dotel)” ond stored belom Ln o doto table nosed transecd dote’ , A fraction of patlents
are TT98M rutotion positive (ond this froction con vary otross trecteents), (oefficients from the sulti-stote NMA thot
are contoined in tronsmod data ore extrocted using tramsmod poraes()’.

Recoll froe the discussion chove thot on individual-level model i3 required to simulete o (TST™M thot that is a mixture
of clock-reset ond clock-forwond opprooches. A model of heolth stote tronsitions for on individuol-level LTSN (1CTST™M)
<on be constructed with the “TadivCistnTrans closs (n hesin

{r} = "
£ Trout 20t

tronsmod_dota <~ creote tronsmod dotolstruct, teat, pats

#% Print first 5 rows ond ond IO covoriotes from daota

print{tronseod_dotol1:5, 110

# Forometers
trorsecd_porors < cregte_tronseod_paraesin « n_sowples, dote « tronssod_dota)
M Priot first 5 sowples from the probobility distribution ord A covoriotes (which

& match these 1n "transond _oatoc

trorseod_porarsicoefsiscalel 15, 1:4)

VI

Increasing transparency with web apps

> Web apps can be built using R Shiny or by embedding R code into JavaScript

> Allows users to run custom analyses without any knowledge of R

VHRA Mods! Intertaces =

Initial treatment phase (Frst 6 mosthe) Time to trestment discontinuation

RAelrtionoho betweee Destrrere ard HAQ Cmus of treaumant dacontineation

Treatranet = ALR > HAQ O Mirsuan

o ACH > BULAR = HAg o b iy

ot A
i Sureval datribuson tass 5 nedd Testment Surtion
tetwoes P~ - Tparmntin
Teatrosst > A > Switth metud

Trwatrownt « ACH > LOASTE » DASYE = Swice

Tratreeet = ADR <> AEDA -~ SDA - Siiih

* MO -» AC DN

L= DN = 0

© Trrstimast = AR > FIAAR = Ravbich © Gmirai amd gaveva

HAQ progression in the absence of tOMARDs Lility algorithm

o [006] lagess sgression sgastian
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Tailoring web apps to different audiences

> Web app for rheumatoid arthritis decision model aimed at general audience

The IVE-RA Vakoe Tood  Wekcoms

o A 15 0ad B ewts gy 60 P oFusti bor HTu of (e et 14 D el ool puaparabon - (hats aps Aw eodtgin The |V 4A Vabe Vad care & il idly sope soartiat o A
iy ot b, S s G0 W B i, WA o e 10 St 1 et » e M o i |

f RA treatments to T pationts’ Fetirme

FeSmd v re L Pt d b (b v et e A o e o (1o s ot ey b el 48 o L aar? (e ha b o e S 7 (A v 11 e b P d

A gttt irpwt Ieso yerw b e oo of 3 g, Do we: 50 chomse drug conts, or et v srfer St wer e Sofmt vakoe wtead
. b
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So why R?

\Y

A comprehensive ecosystem for fitting statistical models

V

Computational efficiency

\

Reproducible research

\Y

Web apps

V

Unit testing
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Poll: Following our presentations, how much more likely
are you to start using R for decision modelling?

Resources

> Gianluca’s R packages
> https://qgithub.com/giabaio

> http://www.statistica.it/gianluca/page software/

> Toy decision tree model

> https://github.com/Bogdasayen/Depression-toy-decision-tree-in-R

> hesim
> https://innovationvalueinitiative.qgithub.io/hesim/

IVI-RA Web apps
> Expert (https://innovationandvalueinitiative.shinyapps.io/ivi-ra-expert/)

\%

> General audience (https://innovationandvalueinitiative.shinyapps.io/ivi-ra/)

e


https://github.com/giabaio
http://www.statistica.it/gianluca/page_software/
https://github.com/Bogdasayen/Depression-toy-decision-tree-in-R
https://innovationvalueinitiative.github.io/hesim/
https://innovationandvalueinitiative.shinyapps.io/ivi-ra-expert/
https://innovationandvalueinitiative.shinyapps.io/ivi-ra/
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Location

11100 Santa Monica Blvd Suite 500
Los Angeles, CA 90025

Devin Incerti
devin.incerti@thevalueinitiative.org

www.thevalueinitiative.org
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