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Developing relevant economic
models with R for health technology
assessment

Devin Incerti



What is a relevant model?

> Based on available clinical evidence
> Quantifies decision uncertainty
> Transparent and reproducible

> Reusable and adaptable
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Building an economic model for decision analysis




Building an economic model for decision analysis




Example: a multi-state model in oncology

hSlD(u}
/’//, \\\\
- N
h5P1 (1) 1P (u) >
S1 . P1 - > D
> 3 health states > 3 transitions where h's(u) is the time-varying

hazard for transitions from state rto s as a
function of time u

Stable -> Progression

Stable -> Death

Progression -> Death

S1: Stable disease
P1: Progressed disease
D: Death
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Parameterizing multi-state models

Statistical method R package DEF]

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
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Parameterizing multi-state models

Statistical method R package DEF]

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

> head(mstate_tata)

patient_id strategy_id from tz Tstart Tsto02 years stctus trans
1: 1 1 1 2 2.020000 4,292052 4.232950 1 !
2: 1 1 1 3 A.070000 4.7297958 4.73729%0 %) 7
3: 1 1 2 3 4.22Z950 9.87269¢ 5.579740 1 3
4: £ 1 1 2 V.00 £, /762491 Z./0l4E0 1 1
S5t Z 1 1 3 9.020000 2.762491 2.73524CC @ 2
h: 7 1 2 3 2. 767451 5.355730 72.592745 1 3
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Parameterizing multi-state models

Statistical method R package DEF]

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

> head(mstate_cata) fit_wei <- flexsurv::flexsurvreg(Surv(years, status) ~
patient_id strateqy_id from tz Tstart Tsto2 years stctuc trans factor(strategy_id) * trans +

1: 1 1 1 20.020000 4202052 4.232950 1 - shape(trans), data — mstate_data,

2: 1 1 1 3 A.070000 4.797953 4.7979°0 %) ? dist = “weibull”)

3: 1 1 2 3 4.22Z950 9.87269¢ 5.579740 1 3

4: P 1 1 £ V.0LU00 £, /04491 £, [/od4E0 1 1

5: 2 1 1 3 0.020000 2.762491 2.75243% 4 2

3 7 1 23 27672451 5.73757230 2592745 1 3
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Parameterizing multi-state models

Statistical method R package DEF]

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

> head(mstate_cata) fit_wei <- flexsurv::flexsurvreg(Surv(years, status) ~
patient_id strateqy_id from tz Tstart Tsto2 years stctuc trans factor(strategy_id) * trans +

1: 1 1 1 20.000000 4292952 4.232950 1 shape(trans), data — mstate_data,

2: 1 1 1 3 A.070000 4.797953 4.7979°0 %) ? dist = “weibull”)

3: 1 1 2 3 4.22Z950 9.87269¢ 5.579740 1 3

4: P 1 1 £ V.0LU0U0 £, /04491 £, [/0d480 1 i A “clock reset”

5: 2 1 1 3 0.020000 2.762491 2.752432 4 2 model

3 7 1 23 27672451 5.73757230 2592745 1 3




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

Estimation data Input data
€ Parameterization ) i Simulation ) f Decision analysis

Disease model Disease model

Utility model . Utility model .

Cost model(s) Cost model(s)

CEA

MCDA

N 4 N 4 o 4

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

> |ndividual continuous time state transition models ({CTSTMs) 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
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Simulating an economic model

> |ndividual continuous time state transition models ({CTSTMs) 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

slrategy id peliert id Lransitior 1d age lemale (ror Lo “rom name Lo name Lrans
1: 1 1 1 49.Mp603 1 1 2 Stable Progresses 1
2: 1 1 2 40.24003 1 13 Stable Dead 2
3: 1 1 3 40.24003 1 2 3 Progressed Dead 3
4: 1 z 1 29 BSsH4 1 1 2 Stable Progressed 1
3: 1 2 Z 29 BSh4 1 1 3 Stuble Dewd 2
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Simulating an economic model

> |ndividual continuous time state transition models ({CTSTMs) 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
slrategy id peliert id Lransitior 1d age lemale (ror Lo “rom name Lo name Lrans

1: 1 1 1 48.M603 1 1 2 Stable Progresses 1
2: 1 1 2 40.24003 1 13 Stable Dead 2
3: 1 1 3 40.24003 1 2 3 Progressed Dead 3
4: 1 z 1 29 BSsH4 1 1 2 Stable Progressed 1
3: 1 Z2 Z 29 BS4 1 1 3 Stuble Dewd 2
Parameters for disease model

[stimates:

data mean  =st LESS% 5% s explest) LOEX L35%

shape M 9.827/4  B./E01 €972 2.0/ e NA Na
scale LAY S.ZBES  3.3219 /.1a8EF  2.5853 na NA N&
foctom{szrutegy id)Z @¢.4834 G.2084 -B.2359 @.8oeE  2.253z 1.2:18 0./L3E 2,20/
trans? Q.39 @.9847 PSS 1.9mPp 2281 2.GAN 1.99% 4.420
transld Q.16 Q2.2 -AESS4 d.1ma 2193 ALK L) R B P
facto(strategy_1d)2:trans?2  @.2435 -3.9344  -1.5708 -4.2381 21199 A apA N.2878  3.2281
facto(strotegy_1d)2:trened Q.76 <3.4157 12671 Q2357 20124 BB 0340 1.265R
shape{trors?) @. 3992 @.6986  P.IEER 1LRETS R.1ETA Z.B01Q 14474 2.79W
shapeltrers3) @.2816 ¢.4915 B.1435  9.6543 2. 1290 1.4541 L.a64  1,3238
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Simulating an economic model

> |ndividual continuous time state transition models ({CTSTMs) 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
slrategy id peliert id Lransitior 1d age lemale (ror Lo “rom name Lo name Lrans
1: 1 1 1 48.M603 1 1 2 Stable Progresses 1
28 1 1 2 40.24003 1 13 Stable Dead 2
3: 1 1 3 40.24003 1 2 3 Progressed Dead 3
4: 1 z 1 29 BSsH4 1 1 2 Stable Progressed 1 . _ i
5: 1 ? Z 2985044 1 13  Stoble Dead 2 | Simulated disease progression
sarple strategy_id patient_id from to firal tiwe_stcrt time_stcp
1: 1 1 1 1 2 @ 0.0000000 4 .6540819
P 1 1 1 i 3 1 0.6530819 1.672/0/0
; 3 1 1 2 1 3 1 0.000000% 2.5773704
Parameters for disease model 4 1 1 3 01 2 D 0.0000000 A.6403648
Estimates: e > 5 1 1 3 3 1 0.6408848 7,3911212
dato mean  =st LoS% 35% se explest) LOSX L35z i 6 1 1 4 1 2 ? 0.0020202 1.9€94.39
shape M 9.827/4  B./E01 €972 2.0/ na NA Na
scale N2 S.ZBES  3.3219 7 1E8E  2.85853 na N& NG
foctomszrutegy_id)2 @.9830  ©.2083 -9.2959 @.6566 2.2532 1.2238  0./03E  2.00M
trans? @.3992 @.9847  P.AEES  1.5MP 2.2 2671 1.9 4.4351
transd Q.6 Q.22 -P.ESS4 AUIMA 2093 ALSE1 AS192 11862
facto(strategy_1d)2:trans?2  @.2435 -3.9344  -1.5708 -4.2381 21199 A apA N.2878  3.2281
facto(strotegy_1d)2:trened Q.76 <3.4157 12671 Q2357 20124 BB 03440 1.2658
shapadtrors?) @.399:2 g.6986 PUIEER 1.0:7% 2.1878  Z.¢ 1.4474 2.7971
shapeitrers3) @.2016  €.4915 B.1435  9.6543  2.1290 1.4541  L.16B4 1,238
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Simulating an economic model

> |ndividual continuous time state transition models ({CTSTMs) 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
slrategy id peliert id Lransilior 1d age lemale (ror Lo “rom name Lo name Lrans
1: 1 1 1 48.M603 1 1 2 Stable Progresses 1
2t 1 1 2 40.24003 1 13 Stable Dead 2
3: 1 1 3 40.24003 1 2 3 Progressed Dead 3
4: 1 z2 1 79 _RSHa4 1 1 2 Stable Progressed 1 . _ i
5: 1 ? Z 2985044 1 13  Stoble Dead 2 | Simulated disease progression
sarple strategy_id patient_id from to firal tiwe_stcrt time_stcp
1: 1 1 1 1 2 @ 0.0000000 4.654P819
P 1 1 1 i 3 1 0.6530819 1.672/0/0
; 3 1 1 2 1 3 1 0.0000003 2.5773704
Parameters for disease model 4 1 1 3 01 2 B 0.0000000 7.6403648
Estimates: e > 5 1 1 3 3 1 0.6408848 7,3911212
dato meon  est LeSE  La5% se explest) L9 Lasx ] 6 1 1 4 1 2 @ 0.0020207 1.9€94.39
shape N2 g.827/4  B./ER1 €.9772 2.9 na N& Na
scale N S.ZBES  3.3219 7 1E8E  2.85853 A NA NG
foctom{szrotegy_id)2 @.a834 ©.2083 -9.2959 @.BO6E 2.2532 1.2218  ©./¢3%  2.20M8
trans? Q.39 d.9847  PAGES  1.9mPp 2.2 AN 1.994 4.4
transd Q2016 Q.22 -P.ESS4 AU 21931 ALASS1 AS192 1.1062 —
factoCntrotegy_idd2:trons?  @.2035  -0.9344 -1.5784 -A.2381  2.1199  A.AME Q2078 a.7am Uncertainty in parameters
facto~(strotegy_id)2:troned Q.76 <0.4157 18671 Q2357 2024 A58 Q340 1.2658 propagated to uncertainty in
shapadtrors?) @.3992 g.6986 PUIEER 1.0:7% 21878 Z.Ma 1.4474 2.7971 disease progression via
shagetrers3) @.2016 @.4915  B.1435 9.6542  2.1290 1.4541  L.16M4  1,92Z38 PSA
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Simulating an economic model

> |ndividual continuous time state transition models ({CTSTMs) 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
slrategy id peliert id Lransilior 1d age lemale (ror Lo “rom name Lo name Lrans
1: 1 1 1 48.M603 1 1 2 Stable Progresses 1
28 1 1 2 40.24003 1 13 Stable Dead 2
3: 1 1 3 40.24003 1 2 3 Progressed Dead 3
4: 1 z2 1 79 RBSM4 1 1 2 Stable Progressed 1 . _ i
5: 1 ? 2 2985044 1 13  Stoble Dead 2 | Simulated disease progression
sarple strategy_id patient_id from to firal tiwe_stcrt time_stcp
1: 1 1 1 1 2 @ 0.0000000 4 .6540819
P 1 1 1 i 3 1 0.6530819 1.672/0/0
; 3 1 1 2 1 3 1 0.000000% 2.5773704
Parameters for disease model 4 1 1 T01 2 0 0.0000000 4.6403648
Estimates: e > 5 1 1 3 i 3 1 0.6488c48 7.3911212
data mean  =st LoS% 5% se explest) LOSX L1353 i () 1 1 a4 1 2 9 0.0020002 1,9€94.3
shape MY 8.8274  B.ARO1 6.9772  2.0005 na NA Na
scale Ha S.ZB6S  3.3219  7.1E%E  2.8053 Ha NA N&
foctomszrutegy_id)2 @.9830  ©.2083 -9.2959 @.6566 2.2532 1.2238  0./¢3%  2.20M
trans? @.3997 @.9847  A.EES  1.5M12  2.28M  2.E71 1.5976 4,441
transd Q.6 Q.22 -P.ESS4 AUIMA 2093 ALSE1 AS192 11862 —
factorCatrategy_1d)2:trans?  @.263%  -0.9344 -1.978% -A.2381 2.1199 A.4ME 42478 8.7a81 Uncertainty in parameters R code is a wrapper for
factor(strotegy_id)2:tronsd  @.A763 <2.4157 12671 Q2357 20124 A.ES6A A0 1.26%R propagated to uncertainty in underlying C++, which
shapetrers?) @.3992 @.6986 PLIEER 1LLRETS R.1ETA 2P0 1.adv4 279N disease progression via makes PSA with
shagetrers3) @.2016 @.4915  B.1435 9.6542  2.1290 1.4541  L.16M4  1,92Z38 PSA microsimulation fast
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R facilitates script based analyses

> Economic model combines disease model (i.e., transition model for iICTSTM),
utility model, and cost models
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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)
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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)
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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_qgalys(dr = .03)
ecpnmod$sim_costs(dr = .03)
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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_qgalys(dr = .03)
ecpnmod$sim_costs(dr = .03)

> And can be used for cost-effectiveness analysis
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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_qgalys(dr = .03)
ecpnmod$sim_costs(dr = .03)

> And can be used for cost-effectiveness analysis

# with hesim _
ce <- econmod$summarize()

icea <- icea(ce, dr = .03)
icea_pw <- icea_pw(ce, dr = 0.03,
comparator = 2
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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_qgalys(dr
ecpnmod$sim_costs(dr

.03)
.03)

> And can be used for cost-effectiveness analysis

# with hesim # with BCEA _

ce <- econmod$summarize() galys_mat <- matrix(ce$galys$qalys, 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,

byrow = TRUE)
bcea <- BCEA::bcea(e = galys_mat, c = costs_mat,
ref = 2)

comparator = 2
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Making models reproducible with R Markdown

3.2 Constructing the mccel
4 the e o madel by connbinicg he seoarate dok for he heath 2ate ¥i i A et c)nterts

n sscies < 1@ 10 e
2 Parpromier extmane
3.2 1 Healtn state transiton model ‘
3 Economic madel
MLk Sale tarnt e Sinualed 45 ) of e M (et nlars VRS O [ h-lale ¢ 8 O b
T | e ¥ Aale " Tres o) wnd parsmaters onants feemnrhe ok igaw MY The ” 2.! Cot op
vated s 2 funnt the oy Irueters, Transition mates, and gation papedation with dreste_trassasd_dita() andcterad bele
a dhts ik sved ¢ ’ p brachor atie e FNOU e o ithee | AN vy o Lot ¢
PADERSS f f 3.2 Lanitrectng the model
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R s »tha 4 v &r QLY » (X} e s Ml ¥ kot and e el e
. wordd ary aches. A nodel nf hes ' ' dinl e TMICTSTM) "ma B racsdw
IndinCintaTrarm » hat i 4 0w 2 erwhol
# Is . .
trascead_dati < create_trnenod_daaletruit, wear, pate) = = ——
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pristitrmoncd decellss, 1:50)) A2 Nul crineria decdos 2vayce
5 Yahe 0T noD
Ly Atratecy 14 putsert Id traniition_td Temule e et isn ty_ b ) ~
' 1 1 1 R I8 A0TR 1 wl
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’
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8 1,) 1 1 6.5 t
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Making models reproducible with R Markdown

#% Constructirg the model
Ne construct the economic model by corbining the separate models for the health state tronsitions, utility, and costs.

e v )
n_sarples <- 100

-

### Health stcte transition model

Health stcte transitions ore simulcted as ¢ tunction of input dota (which contawns the covariates trom the multi-state
rodel descr.bing citferences in trensition rates across tractmerts) and parameters (the coefficients from the
rulti-state NMA). These are automatically created as a function of the rodel structure, transition matrix, anc patient
population with create_transrod_dcta()  and stored below ir a cata table named "trarsmoc_data . A Fracticn of patients
gre T790M mutct.on positive (and this fraction can vary ac~css treatments). Coefficients from the multi-state NMA that
are contained in “transmod_dato’ are extracted using “transmod_parars()”.

Recall “rom the discussion above that on individual-level model is required to simulcte o CTSTM that that is o mixture
of clock-reset and clock-forward approcches. A model of health state transitions fo~ an individual-level CTSTM (LCTST™D
can be corst~ucted with the "Ind v(tstmTrans  class in “hesim'.

“1r} T )
# Input dota

transmod_data < create_transrod_dcta struct, tmat, pats)

#% Print first 5 rows and and 10 covamates trom data

print(transmoc_data[1:5, 1:10))

# Parameters

transmod_params <- create_transmod_parcms(n = n_sarples, data = transmod_data)

#€ Print first S somples from the probchility distribution cnd 4 covariaotes (which
#% malch those n 'Lransmod_data')

Lransmod paramsSceoeflsSscale[1:5, 1:4)
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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

M-FRA Mcdel Intarface

Intrecuction Initial treatment phase (first 6 months)

Time to treatment discontinuation

S Sctup model Relationship between treatment and HAQ Causc of treatment discontinuation
Traatment -~ 8LR -~ RAQ O A.causes
© Treolment = ACR ~EULAR = HAD Sureusinfecliorsory

Traatmet -~ HA
o Survival distribution used to model traatment duration

Relatianzhip between treatment and switching ta a new treatment =xpmentia
Trealment =+ ACR -» Switch ‘Neioal,
. Iraatmet = ACK -=ADAS2E 2> NASIR -~ Switch Gorparty

Run simulstion
Trealment == ACR -» L5CAl -» SDA -> Swilch Curn e

Viaw irguts ussd in simulation Treatmet -~ ACR -= 404 -> C28] -> Switch ~cp-bogletc
Treolmuent = ACASIE > DVS22 > Switen ~egnormal

View mocel resuits © Treatment -~ 8CR - EULAR > Swix © General'zec zamma

More information

, A HAQ progression in the absence of tDMARDs Utility algorithm
Terms and conditions
HAQ progression model Mapping HAQ to utility
© Latart das: prowth mecel (LCCM) © lemardez-Alava201imisturawedal | 04

Comsta [inese progrissin Wailpn 2008) Lnginl mrezness an equacian link)




Tailoring web apps to different audiences

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

The IVI-RA Value Teol Weliove 1.5 2. Dulcomes 3 Vake » 4 Sxplone Alxsal =

Get started by answering a few guestions

The IV RA Ve Too simuletes the averape Tiet me velue of treatments for @ poouletion cf peticnts with moderate 8o severe A, The results of the simulation depend on anumber of faziors
ncluading thacharazierictize oFthe patient popudation, the trexiryd ks uead, and the coets of druge. Setup the mecel below,

RA patient population

The value o RA treatments depercs on the character stice of the patients ir the treated paopulaticn - thair age, for exampla The VERA Valuae Tocl uses a nationally representative RA
nopedation by defadt, but you can wake ad ustments here. Woo © youa like to acjass torefiect 2 specific poaulatian®

* Pidkforme ®

Iwanl Loraxe edjuwineds

Sequences of RA treatments to compare over patients’ lifetimes

The IVERA valua Tocl e Emines TIRATManTs over [ETIeTs [ife mas. whicn is iImportant hecsase RA parients afran switr therapiag when 1y i warking e ITearmert sequance
foluwed Oy each individaal patierLin the simu atioawill melch oneof the yequences sedecied 12re and 2l resulls aanpare Urzoutoumes of these sequetons relstive Loone snother, Woulc
you lke to crter your own customized treatmont sccuences?

* Pikluxruee

TWANE LOCUSTOMIZE T 2 MErt SACLENces 1O Compane

Treatment costs

Ar importan: inpus nte value is the cost of adrug. Do you want 1o £70082 drug 2osts, orwauld you prefer that we use defaalt values instcad?
= Pirkfrrmr®

Iwanttochccse

.



So why R?

> A comprehensive ecosystem for fitting statistical models
> Computational efficiency

> Reproducible research

> Web apps

> Unit testing
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When playing as a slideshow, this slide will display live content

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



Resources

> Gianluca’s R packages
https://github.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.qithub.io/hesim/

> |VI-RA Web apps

Expert (https://innovationandvalueinitiative.shinyapps.io/ivi-ra-expert/)

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