OPEN SOURCE SOFTWARE FOR
BUILDING HEALTH ECONOMIC MODELS

Erik Dasbach

Economic and Data Sciences, Merck & Co.

Joseph Levy

Postdoctoral Fellow, University of Maryland School of Pharmacy

Fernando Alarid-Escudero
Post-Doctoral Associate, University of Minnesota

At the end of this workshop attendees

should gain an understanding of how

new software modeling packages can

* accelerate model development,

* decrease rework, and

* improve model transparency and
verification



The case for why model
development in our field needs
to evolve

Markov models using open
source software
Microsimulation modeling

The case for
why model development

needs to evolve
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My only mistake was
training to become a
shoemaker instead of
a health economist!

My only mistake was
training to become a
shoemaker instead of
a health economist!

or
data scientist




1990 2018
“"Why does the spreadsheet

remaln the
model development platform of

choice 1in the
pharmacoeconomics field?”

Data Scientist to the Health Economist

Payers and reimbursement agencies and
modelers favor the spreadsheet because

ﬁ broad accessibility
g%; full stack platform

oo~ transparency
\~§> the ability to examine
’ cell formula

Health Economist to the Data Scientist
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Data Scientist to the Health Economist
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“cell references are not
transparent”

“violates the DRY principle
of coding”
embraces WET code

“code 1s hard to reuse”

“lacks a testing framework”

Data Scientist to the Health Economist

spaghetti code

Don’t Repeat Yourself
Write Everything Twice+

requires shotgun surgery
to reuse



“"What do you mean
by a
testing framework?”

Health Economist to the Data Scientist

“"How do you know
your model 1s
correct?”

Data Scientist to the Health Economist



"Well, I test edge
cases and I have a
colleague review the
model.”

Health Economist to the Data Scientist

“A testing framework
documents your
tests?”

Data Scientist to the Health Economist



Unit Tests

* software testing method by which individual
units of code are isolated and tested to
demonstrate that the individual parts are

correct (Kolowa & Huzinga, 2007)
" A ! C D | E]
_ 1 |Input Parameter Unit Tests

2
3 | name value assertion test
4 |annual drug cost $1,500.00 $1,500.00  Pass
5 | disease cost $10,000.00  $10,000.00  Pass

6 |disease probability 0.01 0.02 Fail
7 | disease utility 0.80 0.80  Pass
8

9

Integration Tests

*the phase in software testing in which
individual software modules are combined
and tested as a group

*https://en.wikipedia.org/wiki/Integration tes

Data Scientist to the Health Economist

ting

A
l—1i Model Integration Tests
2
3] output
4 [total undiscounted life years (strategy 1)
5 [ total undiscounted life years (strategy 2)

6| total undiscounted QALYs (strategy 1)
7 [total undiscounted QALY (strategy 2)

_ B [total undiscounted costs (strategy 1)
9 [total undiscounted costs (strategy 2}

.l_o._
Sl

value
18.10
18.30
13.20
13.30
$23,023.00
$24,798,00

I X l

assertion
18.10
18.30
13.20
1327
$23,023.00
$24,798.00
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Data Scientist to the
Health Economist


https://en.wikipedia.org/wiki/Integration_testing

Test Suite

*a collection of all the test

cases [ = 1 A I SO CTAN E -S S| I
1
£ Input Paramater Unit Tests
3
4 name value assertion test
5 lannual drug cost $1,50000 $1,500.00 Pass
& |dsease cost $10,000.00 $10,000.00 Pass
7 | dsease probability 0.01 001 Pass
8 csease utility 0.30 080  Pass
9
10 | Model Integration Tests
11
12 output value assertion test
13 |total undiscounted life years (strategy 1) 18.10 1810  Pass
14 total undiscounted life years (strategy 2) 18.30 1830 Pass
15 |total undiscounted QALYs {strategy 1) 13.20 13.20 Pass
total undiscounted QALYs {strategy 2) 13.30 1330 Pass
17 |total undiscounted costs (strategy 1) $23,023.00 $23,023.00 Pass
18 |total undiscounted costs (strategy 2) $24,798.00 $24,798,00 Pass
Data Scientist to the

model | Inputs | Outpuss Health Economist

Let me show you what you @
have been missing out on..
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Examples of Software for
Economic Evaluations

Part Il
Joe Levy

Outline

* Briefly review State Transition Modeling

* Introduce HEEMOD and DICE for Markov Modeling
* Describe Sick Sicker Model

* Show syntax and model builds

* Compare anecdotal experiences

11



State Transition Models .

Transition
 Representations of clinical scenarios by WA
* Time in states
* Transitions between states
* Accrue costs and effects from being in states
* Transition (and cost/effects) differentially by
treatment

* Markov Cohort

o Markov Microsimulati
¢ Cohort transitions as percentage Model on Model

* Microsimulation

* Individuals progress with first order
uncertainty

Siebert, Uwe, et al. "State-transition modeling: a report of the ISPOR-SMDM modeling good
research practices task force-3." Value in Health 15.6 (2012): 812-820.

Software 1: HEEMOD

* Markov Models for Health Economic Evaluation (HEEMOD) R-Package

* Objective: Simple, declarative syntax to specify and execute Markov
models and partitioned survival models

* Define Strategies, Model Parameters, Transitions, State Values
* Can perform deterministic and probabilistic sensitivity analysis

* Built in functions to discount, convert rates to probability, hazard,
probability over time etc.

* Models are stored as objects, generate graphics in R (ggplot2)

ggplot2
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Software 2: DICE

* Discretely Integrated Condition Event simulation (DICE).

* A modeling technique designed for general decision-analytic
modeling, conceptualizes a disease process and its management in
terms of conditions and events.

* Conditions: Aspect of model that persist over time, have levels which can be
modified by other conditions or events

* Events: Aspects of the model that happen at any point in time, can effect level
of conditions or other events

* Algorithm/engine which can construct markov, microsimulation and
discrete event simulation.

* Algorithm has been implemented in excel, R and pyton

Example: Sick Sicker Markov

phst ez * Compare Treatment to No
_ Treatment
* 4 State Model

* Treatment Modifies Cost of Sick,
Sicker and Utility of Sick

qf.:?-'*-" * Transitions Probabilities are the
Same between treatment groups

* Time horizon: 30 years

Krijkamp, Eline M., et al. "Microsimulation Modeling for Health Decision Sciences Using R: A
Tutorial." Medical Decision Making 38.3 (2018): 400-422.
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Example: Sick Sicker Markov

define_transition

» Treatc- define_transition{state _rames « c("hmalehy”, “st1ck”, “sicker
. c p.n51.0 pono,
p.SINC P 5182,p.510,
o .0 sC P20,
. 0o [ .0 1
» Treat

A traemition matris, 4 atates.

Pealthy sick  sicker dead

healthy C P51 p. MO
sick P.5IN C P.5152 p.5S1D
sicker C p. 520
Sead 1

‘' dead”),

p.HS1 0.15
p.S1S2 0.105
p.S1H 0.5
p.HDie 0.005
RR.SickDie (vs H) 3
RR.SickerDie (vs H) 10
cost.H 2000
cost.S1 4000
cost.S2 15000
Utility.H 1
utility.S1 0.75
Utility.S2 0.5
Discount Rate 3%

0.15
0.105
0.5
0.005
3
10

2000
4000+12000
15000+12000

1
0.95
0.5

3%

p.HS1 0.15
p.S1S2 0.105
p.S1H 0.5
p.HDie 0.005
RR.SickDie (vs H) 3
RR.SickerDie (vs H) 10
cost.H 2000
cost.S1 4000
cost.S2 15000
Utility.H 1
utility.S1 0.75
Utility.S2 0.5
Discount Rate 3%

0.15
0.105
0.5
0.005
3
10

2000
4000+12000
15000+12000

1
0.95
0.5

3%
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define_parameters

paran- -define_parameters

H « 2000, t of

<. enaining one
€.51 « 4000 ¢ t resaining of
€.52 « 15000 ,» I renaining
c.Tre = 12000, ost o cats
u.H 1y

u.S51 75,

.52 i3

u.Trt 95

dr=0.03,

p.HD 0.005, = FERR o dis

p.H51 0,15, 2 probatin ity ta becone

p.SIH 0.%, # proha ity to becooe |

p.5152 ~ 0,108, # probability 1t

re.sl 38 ito rat

rr.52 10, % rate )

r.Hp Teg(1 p-HDI,

r.s10 rr.51 r.HD, # ra f dea v i
r.520 « rr.52 * r.ND, £ rate of death whe icker
p.510 1-exp{-r.51D), # probabifity to die whe 511
p.520 1-exp{-r.S20), ¢ probabifity to die whe

define_parameters

paran- -define_parameters

dr-0.03,

p.HD 0.005, # probanility o die when haalth
p.HS1 = 0,15, # probatitlity ta beco

p.SIH 0.5, # probabitity to becoms

p.5152 = 0,108, # provability to b

rr.51 3 . # rato rat f deat

rr.52 10,

r.HD log(l  p.WD3, #

r.510 rr.51 r.H0, # ra f dea i i
r.520 = rr.52 * r.ND, £ rate of death whe icke
p.510 1-exp{-r.510), # probabifity to die whe .
p.520 1-exp{-r.S20), ¢ probabifity to die wher
€.H « 2000, t of rennining one cycle he

c.51 4000 v 1 resaining of wele sich
€.82 = 15000 ,» I renaining e tycle e
c.Tre = 12000, to catnent (pe cle

uH -1,

u.51 75,

v, 52 i3

u.Trt 95

p.HS1 0.15
p.S1S2 0.105
p.S1H 0.5
p.HDie 0.005
RR.SickDie (vs H) 3
RR.SickerDie (vs H) 10
cost.H 2000
cost.S1 4000
cost.S2 15000
Utility.H 1
utility.S1 0.75
Utility.S2 0.5
Discount Rate 3%

0.15
0.105
0.5
0.005
3
10

2000
4000+12000
15000+12000

1
0.95
0.5

3%

p.HS1 0.15
p.S1S2 0.105
p.S1H 0.5
p.HDie 0.005
p.S1Die 0.01492512
p.S2Die 0.04888987
cost.H 2000
cost.S1 4000
cost.S2 15000
Utility.H 1
utility.S1 0.75
Utility.S2 0.5
Discount Rate 3%

0.15
0.105
0.5
0.005
0.01492512
0.04888987

2000
4000+12000
15000+12000

1
0.95
0.5

3%
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define state

p.HS1

healthy<-define_state(cost=discount(c.H,dr),utility=discount(u.H,dr})
sick_t<-define_state(cost=discount{c.51l+c.Trt,dr),utility=discount(u.Trt,dr))
sicker_t<-define_state{cost=discount(c.52+c.Trt,dr),utility=discount(u.52,dr))
sick<-define_state(cost=discount(c.51,dr),utility=discount(u.51,dr)}
sicker<-define_state(cost=discount{c.52,dr),utility=discount{u.52,dr))

dead<-define_state(cost=0,utility=0)

p.S1S2
p.S1H
p.HDie
p.S1Die
p.S2Die

cost.H
cost.S1
cost.S2

define_strategy

strat_trt<-define_strategy
transition=transition_Treat, healthy=healthy,sick=sick_t,
sicker=sicker_t,dead=dead)

strat_ctri<-define_strategy!
transition-transition_NoTreat, healthy-healthy,sick-sick,
kicker=sicker,dead=dead)

Utility.H
utility.S1
Utility.S2

Discount Rate

0.15
0.105
0.5
0.005
0.01492512
0.04888987

2000
4000
15000

1
0.75
0.5

3%

0.15
0.105
0.5
0.005
0.01492512
0.04888987

2000
4000+12000
15000+12000

1
0.95
0.5

3%

p.HS1
p.S1S2
p.S1H
p.HDie
p.S1Die
p.S2Die

cost.H
cost.S1
cost.S2

Utility.H
utility.S1
Utility.S2

Discount Rate

0.15
0.105
0.5
0.005
0.01492512
0.04888987

2000
4000
15000

1
0.75
0.5

3%

0.15
0.105
0.5
0.005
0.01492512
0.04888987

2000
4000+12000
15000+12000

1
0.95
0.5

3%



Run_model

model_ss<-run_model (NoTreat=strat_ctrl, Treat=strat_trt, cycles=30, method="end",cost=cost,
effect=utility,parameters = param, init = ¢(1,0,0,0))

> model_ss
2 strategies run for 30 cycles.

Initial state counts:
healthy = 1
sick = 0
sicker = 0
dead = 0
Counting method: ‘end”’.
values:

cost wrility
NoTreat 72103.75 15.17023
Treat  134422.99 15.70836
efficiency frontier:
NoTreat -> Treat
Differences:

Cost DIFf. Effect Diff ICER Ref,
Treat 62319.24 0.5381302 115807 MoTreat

Run_model

model_ss<-run_model (NoTreat=strat_ctrl, Treat=strat_trt, cycles=30, method="end",cost=cost,
effect=utility,parameters = param, init = ¢(1,0,0,0))

> model_ss
2 strategies run for 30 1.00-

Initial state counts:

healthy = 1
sick = 0 0.75- State
sicker =
dead = — —* healthy
= = '
Counting method: ‘end’. 3 0.50- @ —*— sick
values: © —* sicker
cost wriling 0.25- —* dead
NoTreat 72103.75 15.1702: :
Treat  134422.99 15.70831
Efficiency frontier: 0.00-
NoTreat -> Treat - ! ! ! ! ! ! !
0 5 10 15 20 25 30
pifferences: Markov cycle

Cost DIFf. Effect DIfF. ICER Ref,
Treat  62319.24 0.5381302 115807 NoTreat
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plotinodel _ss, type="values" ,values - “cost” states-ci"healthy", "sick”,
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tinodel _ss, type

Value

alues” ,values “cost” , states=ci "healthy
oad gotitlel"Cost per Cycle

= Cumulative Cost Over Time
Cost per Cycle

ag

Treatment
YNoTret

Trast

Markov cycle

DICE

* Dice is a way to conceptualize any model type, at its core it is an
algorithm that iteratively evaluates conditions and events

* Conditions and Events can be coerced to recreate Markov or
microsimulations

* Will show only Excel implementation

* DICE Demo workbooks, and the engine available at Evidera.com,
several papers and demos serve as starting points to comprehend
syntax
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DICE-Conditions
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\ N
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Comiton Evert

DICE-Conditions
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Add Ak

Outpet Carotart

Dats Norvwna Vow

TatOCE  Togge Delete
names  Equal-sign design help

DX Toahk

Zoamal Neme Evaluss
dheets Manger Farmub
Mhe

Process

States

Transitions

Probabilities

Costs

Utilities

Process

Conditions:
Name
ID
Time
TimeHorizon 30
IntervNum 1
Cycle 1
Healthy 100%
Sick 0
Sicker 0
Dead 0
HealthyDead 0
Healthy Sick 0
SickHealthy (o]
SickSicker 0
SickDead 0
SickerDead 0
pHD 0.005
HSick 0.15
pSickH 0.5
SickDead 0.014925125
pSickerDead 0.04888987
|pSickSicker 0.105
cH 2000
cSick 4000
cSicker 15000
cTrt 12000
uH 1
uSick 0.75
uSicker 0.5
uTrt 0.95
Di R 3.00%
NextEventTime 9]
NextEvent 1

20



All Events

Name [ Initial Time To Event Table
tart 99999999Now biStart
[Transition | 31fCycle ItbITransition
D . E [End t 30TimeHorizon [tblEnd
Event: Start
Type Name Expression Notes
(Condition [Time. Start [To reset the clock to zero
Event Start lever To avoid infinite loop
Output Tmt CHOOSE(IntervNum,"NoTreat","Treat")
Output QALYs 0 Initialize to zero
Output Cost o Initialize to zero
Output dQALYs o Initiclize to zero
Output dCosts 0o Initialize to zero
Condition HealthyDead o Set according to treatment
Condition HealthySick o
Output CostTmt 0
Condition NextEventTime IN(CurEventTime) Find next event time
Condition NextEvent MATCH(NextEventTime,CurEventTime,0) Find next event
Event: End
Type Name Expression Notes
ondition ime nd © update the clock
Event: Transition (name: tbITransition)
Type Name Expression Notes
(Condition TTime. [Transition
Output QALYs QALYs+(Healthy*uH+Sick*Cl uSick,uTrt)+Sicker*uSicker) |
Cost+(Healthy *cH+Sick *CHOOSE( cSick,cSi )+Sicker*CHOOSE( cSicker,cSi
Output Cost 1)
Condition HealthyDead HD*Healthy
Condition HealthySick HSick*Healthy
Condition SickHealthy SickH*Sick
Condition SickSicker ickSicker*Sick
Condition SickDead pSickDead*Sick
Condition SickerDead ickerDead*Sicker
Condition Healthy Healthy-HealthySick-HealthyDead+SickHealthy
Condition Sick Sick-+ ick-Si SickDead- SickSick
Condition Sicker Sicker+SickSicker-SickerDead
Condition Dead Dead+SickDead +SickerDead +HealthyDead
Event Transition Time-+Cycle
Condition NextEventTime in(CurEventTime) Find next event fime
Condition NextEvent Match(NextEventTime.CurEventTime.0) Find next event
Dice-Events
o o
Event: Transition (name: tbiTransition)
Type Name Expression
Condition Time Transition
Output QALYs QALYs+(Healthy*uH+Sick*Choose(IntervNum,uSick,uTrt)+Sicker*uSicker)
Cost+(Healthy*cH+Sick*CHOOSE(IntervNum,cSick,cSick +cTrt)+Sicker*CHOOSE
Output Cost (IntervNum,cSicker,cSicker+cTrt))
dQALYs+(Healthy*uH+Sick*Choose(IntervNum,uSick,uTrt) +Sicker*uSicker) /(1+
Output dQALYs DiscountRate) Time
dCosts+(Healthy*cH+Sick*CHOOSE(IntervNum,cSick,cSick +cTrt)+Sicker*CHOO
Output dCosts SE(IntervNum,cSicker,cSicker+cTrt)) /(1 +DiscountRate)Time
Condition HealthyDead HD*Healthy
Condition HealthySick HSick*Healthy
Condition SickHealthy SickH*Sick
Condition SickSicker SickSicker*Sick
Condition SickDead SickDead*Sick
Condition SickerDead SickerDead*Sicker
Condition Healthy Healthy-HealthySick-HealthyDead+SickHealthy
Condition Sick Sick+HealthySick-SickHealthy-SickDead-SickSicker
Condition Sicker Sicker+SickSicker-SickerDead
Condition Dead Dead+SickDead+SickerDead+HealthyDead
Event Transition Time+Cycle
Condition NextEventTime Min(CurEventTime)
Condition NextEvent Match(NextEventTime,CurEventTime,0)

21



2!

a1
)

A

LY v

R

HEEMOD

values:
ceel wutility
Nufreal 72103,75 13.17023
reat  134422,99 15.703836

Efficiency frontier:
NoTreat -> Treat
nifferences:

Cast niff. rffoct miff.
6241424

rn Ref.

Treat 1L 93R7407 115807 saTreat

DICE
Tmt QALYs Bd Cost pl dQALY s hdl dCosts |
NoTreat 22.20284| 114982.7| 15.17023| 72103.75
Treat 22.99945( 214738.7| 15.70836 134423

Runtime: 0.33 Seconds

HEEMOD

Runtime: <1 Second

Advantages Disadvantages

-Easy to learn (especially for R Users)
-Replicated examples from Decision

Modelling for Health Economic
Evaluation

-Can write model with scripting only OR

using tabular inputs (excel based)
-Unit tests are built into code, fully
transparent

-Sensitivity analysis, half-cycle correction,
discounting, rate to probability, all easy to

implement
-Can be run in parallel (multi-core)

-Syntax may be hard to learn for non-R
users
-Markov Only, without plans to
implement additional features
-Probabilistic Sensitivity Analysis is slow
depending on complexity (3-6 minutes)
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DICE

-Any type of decision analytic model can
be built this way—unifying

-Familiar Excel syntax (if using)
-Structure and implementation are
consistent across model types

-Less worked examples

-PSA is slow (excel)

-Similar pitfalls to excel transcription
errors

-Similar time to learn DICE than general
excel, setting up PSA similar

-No graphics
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