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[RIE2

BRERGET—RIEMR (WRESL. #E. KiILaTrSE) [RERE
S EHRYEFRER A4 AR

BELBXNERERS (WEZARRTET) FAMSENEY

0 _
Patient1 v Progression : :immlmi dioh Death
Patient2 Fradret Progression Death

discontinuation

Patient3 Death
I
1
ARG
o SHHAE (Parameters)

o 1EH\HAEIIYHEES %L (common within simulation, #0#Fcost)
o REAITBIEEMNIESEL (common for a patient across interventions, WEEE4FAE)
o BNEETAITANFESEL (specific to each patient and intervention)

o YIMAEHFNRIZE4RIATIE (Initial events and time to event)
o EMXR (1BEEA) BUISE (Declaration of reaction to each event)
o SYFEFNZRA (Utilities and costs(optional))

o IZ{THREGFIAR T
0

1RBIS|EE: R ERTIAITINE

UELEEIN

o ZIXIEHL (PSA)

o GNEE

o TMEST

o HNEM

g*’@ﬁ\%ﬁ-, THESCRIFI SRS B8 ri0qalys/lys/paAs, SRRRIN/EHRNHE IS/

0
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Simulations

Set up parameters common
to all patients

Patients

Set up parameters common for

a patient across interventions

Events
Execute event
reactions

Compute costs,
QALYs

0

SELinEE
—RREA

#Put objects here that do not change on any patient or intervention loop
common_all inputs <-add_item(

util.sick = 0.8,

util.sicker = 0.5,

cost.sick = 3000,

cost.sicker = 7000,

cost.int = 1000,

coef noint = log(0.2),

HR int = 0.8)

# Utilities:38, f2EE=1.0, sick=0.8, sicker=0.5, death=0

#Put objects here that do not change as we loop through treatments for a patient
common_pt_inputs <- add_item(death= max(0.0000001,rnorm(n=1, mean=12, sd=3)))

#Put objects here that change as we loop through treatments for each patient (e.g. events can

affect fl.tx, but events do not affect nat.os.s)
unique_pt_inputs <- add_item(fl.sick = 1)
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0

add item()

EMXREHETITERNSEH,

0 1

add item(util idfs = if(psa_bool){rnorm(1,0.8,0.2)} else{0.8},
util.mbc = 0.6,
cost_idfs = 2500)

0

add tte()
TEMEHFIYIREMATE, SMaToEN.
I 0
0tril: BRI TFT BT
Devish: HEME, FEEL IMEERIUREENTE
0 0: R HIEERREFIEMETE
0 0: evtsSEHFIHBHHIIASEFATE)
init_event list <-
add_tte(trt="noint", evts = c("sick","sicker","death") ,input={
sick <-0
sicker <- draw _tte(1,dist="exp", coef1=coef noint)}) %>%
add_tte(trt="int", evts = c("sick","sicker","death") ,input={
sick <-0

sicker <- draw _tte(1,dist="exp", coef1=coef noint, hr = HR int)})

fEinit_event listhEX2FaYy, Siar31TS4,

0 0FRs i cIRIKIEARTIE]/90, IR9#D4aRT R M SEL /9 coef_noint ( 0) E¥HSH
0 0 s cORYKIERRTE]/90, I89#saRSEIIRMHR=HR_int (0.8) BYHERITSEcoef no

nt ( 0) E¥HSH
0

0

draw tte()
B — RO RS S E SR A,

0
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0 0: observations#{

Dclisi0: $3fR2EL, AILAA Inorm’, weibullPH', 'weibull' llogis''gompertz', gengamma'’,'gamma,‘e
P

0 0: DRIE—IERE, fEcoef)PEN, Eflexsurvregidgiit

0 0: DHNE IR

0 0: DHNBE=NFE

ohro: JXUBSEEE

0 0: TR R

draw_tte(n_chosen=1,dist="exp',coef1=1,hr=1)

0

add reactevt()
ENEMRERIEMEE, B, SBkitemAvRN,

I 1

0 0: &reactionsBYSE{FEZFR

0 0: A% reactionsfIFRIAT

ol 0: 1&h0. &K items/flags/variables
ol 0: AN INEE

ol 0: AdEENEFERNE G
BIMEINERE

0 0: Z4RUATE)

0 0: BI—ESE4AATIE]

I 0: BEERRERNSH

Devil: HETHITAIEM

nn: BES

I 0: IEFEEACAIRENL

REE—HIzTES HgAIN0, FEE SRRSO ER FEHIRER

RIS —Zinputs/eventsfES— MistLAgroup e EREIHAME, TIAE— N —Ed
EEO

IS ( 0) /MESEH ( 0) B, WIRRE X eSS ARIRTRMAERTE.
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evt react list <-
add reactevt(name evt = "sick",
input = {}) %>%
add reactevt(name_evt = "sicker”,
input = {modify |tem(I|st(fI sick = 0))}) %>%
add reactevt(name _evt = "death”,
input = {modify_ |tem(I|st(curt|me = Inf))})

0

add util()
EXFHBTHIRA.
0
Dutin: AR BT RIERERET
Devil: RUFRIRZAIEH
0trin: AR RAYATT
0 0: CycleKE, f#Rcycleit&rRt=FZ|
I 0: XAFFRITERIEGE, MAZcycleltEII=REE!
util ongoing <- add_util(evt = c("sick", "sicker","death"),
trt = c("int", "noint"),
util = util.sick * fl.sick + util.sicker * (1-fl.sick))

0

add cost()

NV LS =g  NE-T22 R

I

Dcost: FAskItEZRMGITRYESFREN

Devil: ZRFANSRIAYE4

Dtril: ZRFEXIRIAGIETT

0 0: CyclelkE, #ZERiZcycleit&Rf<EE!

0 0: BFEFFALTERAE, BRKydelt ERAmmE
I

RunSim()

ETHEHL.
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RunSim(

trt_list = c("int", "noint"),
common_all mputs = NULL,
common _pt inputs = NULL,
unique_pt inputs = NULL,
init_event list = NULL,

evt react list = evt react list,
util_ongoing_list = NULL,
util_instant list = NULL,
util_cycle list = NULL,
cost_ongoing_list = NULL,
cost_instant_list = NULL,
cost_cycle list = NULL,
npats = 500,

n_sim=1,

psa_bool = NULL,

ncores = 1,

drc = 0.035,

drg = 0.035,

input_out = NULL,

ipd = TRUE,

debug = FALSE

0 0: BrimE

0 1: BERRSEH

0 0: JBfTERBESEL (not affected by the intervention)

0 0: JBITREBEESEL (change across each intervention)

0 D4R 4 F0RTIE)

0 IEHREFIR

0 HEEESEHAIASIZR (at an ongoing basis)

0 ISR EE{4AIRUASIZER (accrued instantaneously at an event)
0 lcyclesIZH

0 IFFEEERVZR AR (at an ongoing basis)

0 NIEAYEE{4R0ZR A%5UZR (accrued instantaneously at an event)
0 lcycles3&:

0 AR EEEN

0 1B BERIE

0 IEEHITPSA

0 IRk AR
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0dra: OLYs/QALYsHUtFIN=R

Dipd: IRTHRERBMEREISENEELIERNM/RE, WRIRENfalse, NWRRERIEERRGHE (
HONERACEIIERRE)

1debug: IBFHREERBMEBIEFTRUNENgine®E, XEEITIEE

results <- RunSim(

npats=1000, # number of patients to be simulated

n sim=1, # number of simulations to run

psa_bool = FALSE, # use PSA or not. If n_sim > 1 and psa_bool = FALSE, then
ifference in outcomes is due to sampllng (number of pats simulated)

trt_list = c("int", "noint"), # intervention list

common_all_inputs = common _all inputs, # inputs common that do not change withina s
mulation

common_pt inputs = common _pt inputs,  # inputs that change within a simulation but ar
not affected by the intervention

unique_pt_inputs = unique_pt inputs,  # inputs that change within a simulation between i
terventions

init_event list = init_event list, # initial event list

evt react list = evt react list, # reaction of events

util_ongoing list = util ongoing,

cost_ongoing_list = cost_ongoing,

ncores = 2, # number of cores to use, recommended not to use all
drc = 0.035, # discount rate for costs
drg = 0.035 # discount rate for qaly/lys

)

HHHHHH R H B H Y B H BB H B HHHH BB H R Y HFBH R H S HHRH R H R H R R H SRR R T
int noint

costs 54560.04 52079.85

lys 9.69 9.69

galys 6.17 6.03

ICER NA Inf

ICUR NA 17043.56

0
summary results det()

summary results psa()

Osummary results_det(out = final _output, trt = NULL)I

Osummary results psa(out = output psa, trt = NULL)IEBEIEEXIE
Joutd: RunSim(OIBVEEERSAY nal outputlEdRE

0l RESRIAT

summary results det(results$final output)
summary results psa(results$output psa)
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psa_ipd <- bind_rows(map(results$output_psa, "merged df"))
psa_ipd[1:10,] %>%
kable() %>%
kable styling(bootstrap options = c("striped”, "hover", "condensed”, "responsive"))

evthame evttime cost qgaly ly pat_id trt
otal costs total qalys total lys simulation

sick 0.0000000 0.000 0.0000000 0.0000000 1

nt 73626.16 5.475675 10.698576 1

sicker 0.4243738 1685.164 0.3370329 0.4212911 1
nt 73626.16 5.475675 10.698576 1

death 13.3406999 71940.994 5.1386424 10.2772848 1
nt 73626.16 5.475675 10.698576 1

sick 0.0000000 0.000 0.0000000 0.0000000 2

nt 33429.94 4.655493 6.665406 1

sicker 4.7819160 17637.206 3.5274411 4.4093014 2
nt 33429.94 4.655493 6.665406 1

death 7.5710636 15792.730 1.1280521 2.2561043 2
nt 33429.94 4.655493 6.665406 1

sick 0.0000000 0.000 0.0000000 0.0000000 3

nt 77087.01 6.584838 11.911283 1

sicker 2.1768321 8389.288 1.6778575 2.0973219 3
nt 77087.01 6.584838 11.911283 1

death 15.3259546 68697.724 4.9069803 9.8139605 3
nt 77087.01 6.584838 11.911283 1

sick 0.0000000 0.000 0.0000000 0.0000000 4

nt 41007.00 8.201399 10.251749 1

I

il

Model Concept

0

Recurrence

eBC to mBC

Metastatic BC
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0

—RREA

#Utilities
util.data <- data.frame(name = c("util.idfs.ontx" ,"util.idfs.offtx" ,"util.remission" ,"util.recurren
e" ,"util.mbc.progression.mbc" ,"util.mbc.pps"),

value = ¢(0.75, 0.8,0.9,0.7,0.6,0.5),

se=rep(0.02,6),

stringsAsFactors = FALSE)

cost.data <- data.frame(name = c("cost.idfs.tx" ,"cost.recurrence" ,"cost.mbc.tx" ,"cost.tx.beva"
"cost.idfs.txnoint",
"cost.idfs","cost.mbc.progression.mbc","cost.mbc.pps”,"cost.2ndline","cost
ae"),
value = ¢(40000,5000,3000,10000,30000,10000,20000,30000,20000,1000),string
AsFactors = FALSE) %>%
mutate(se= value/5)

TE M EENEH FERIIRiIinputsfiflag, BJLAENX

o SIXIFRBEEERIEMAN ( 0)

o HiharhAMSEI EE ( 0)

o IFEIATTHUSERE ( )

g IERELRitem, HEZENitemsHER. FrE@mAESERITEEINSEHINREZ
E X 5ERk.

EFELhT 0, Z2ia 0, e 0,

0 IflagZIE 72 90.8AHASEFIHD T, T 80%HIEZremission, 20%HIEEHENear

y metastatic BC, tBAILA{ERZEremissionF1ZE#HE/9mBCRFAZSHIRIRIG R BISREE,
EMIRZS (utilities) Flcostivector, ZEHELAE MEEMitem,

BRIz TRYIitems (40 0) funnamed, Itis strongly recommended to assign unn
med objects if they are going to be processed in the model. In this case, we’ re only using uti
_v and cost_v as an intermediate input and these objects will not be processed,

#Each patient is identified through "i"

#ltems used in the model should be unnamed numeric/vectors! otherwise if they are process
d by model it can lead to strangely named outcomes

#In this case, util v is a named vector, but it's not processed by the model. We extract unnam
d numerics from it.

#Put objects here that do not change on any patient or intervention loop
common _all inputs <- add_item( #utilities

util v = if(psa_bool){

setNames(MASS::mvrnorm(1,util.data$value,diag(util.data$se” 2)),util.data$name) #in this c

se | choose a multivariate normal with no correlation

} else{setNames(util.data$value,util.data$name)},

util.idfs.ontx = util_v[["util.idfs.ontx"]],

util.idfs.offtx = util v[["util.idfs.offtx"]],
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util.remission = util _v[["util.remission"]],
util.recurrence = util_v[["util.recurrence"]],
util.mbc.progression.mbc = util_v[["util.mbc.progression.mbc"]],
util.mbc.pps = util v[["util.mbc.pps"]]
) %>%
add_item( #costs
cost v = if(psa_bool){
setNames(draw_gamma(cost.data$value,cost.data$se),cost.datafname) #in this case | cho
se a gamma distribution
} else{setNames(cost.data$value,cost.data$name)},
cost.idfs.tx = cost v[["cost.idfs.tx"]],
cost.recurrence = cost_v[["cost.recurrence"]],
cost.mbc.tx = cost v[["cost.mbc.tx"]],
cost.tx.beva = cost v[["cost.tx.beva"]],
cost.idfs.txnoint = cost v[["cost.idfs.txnoint"]],
cost.idfs = cost v[["cost.idfs"]],
cost.mbc.progression.mbc = cost_v[["cost.mbc.progression.mbc"]],
cost.mbc.pps = cost v[["cost.mbc.pps"]],
cost.2ndline = cost v[["cost.2ndline"]],
cost.ae = cost_v[["cost.ae"]]

)

#Put objects here that do not change as we loop through interventions for a patient
common_pt_inputs <- add_item(sex _pt = ifelse(rbernoulli(1,p=0.01),"male","female"),
nat.os.s = draw_resgompertz(1,
shape=if(sex_pt=="male"){0.102}else{0.115},
rate=if(sex_pt=="male"){0.000016}else{0.0000041},

lower bound = 50) ) #in years, for a patient who is 50yo

#Put objects here that change as we loop through treatments for each patient (e.g. events can
affect fl.tx, but events do not affect nat.os.s)
#common across trt but changes per pt could be implemented here (if (trt==)...)
unique_pt_inputs <- add_item(
flidfs.ontx =1,
fl.idfs =1,
fl.mbcs.ontx

11
fl.mbcs.progression.mbc =1,

3

fl.tx.beva
fl.mbcs ,
fl.Lmbcs 2ndline =0,

fl.recurrence =0,

fl.remission = rbernoulli(1,0.8) #80% probability of going into remission

)

0

{4 (Events)
)| IEAIL o E T

Bidadd eIREGRINEG, SFNarER—Radd elREL,
BEENSNBH:

1

(@R
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e one to indicate the intervention
e one to define the names of the events used

e one to define the names of other objects Ocreated that would like to store (optional, ma
be we generate an intermediate input which is not an event but that we want to save)

SHFEMXISRIE BRI N,

Dinit event lstINSREBBIERadd (eIREFURRIETR, — N2 “int” K&, 5— M2
XF “noint” &8, ESCARRBFAREA0,

B raw e IREER Bins 4RI R SR A

IR EERIERlist fastart, ttot, ttot.beva, progression.mbc, os, idfs, ttot.early, remission, recur
ence and startearly.mbcl, EftFIIRILAISHAILATEreactions partiEN.

init_event list <-
add_tte(trt="int",
evts = c("start”,"ttot", "ttot.beva","progression.mbc",
ecurrence”,"start.early.mbc"),
other_inp = c("os.early",
input={ #intervention

start <- 0

n ll nn nn

s","idfs","ttot.early”,"remission”,

os.mbc"),

#Early

idfs <- draw_tte(1,'Inorm’',coef1=2, coef2=log(0.2))

ttot.early <- min(draw_tte(1,'Inorm’,coef1=2, coef2=10g(0.2)),idfs)

ttot.beva <- draw_tte(1,'Inorm’,coef1=2, coef2=10g(0.2))

os.early <- draw_tte(1,'Inorm',coef1=3, coef2=log(0.2))

#if patient has remission, check when will recurrence happen

if (fl.remission) {
recurrence <- idfs +draw_tte(1,'Inorm’,coef1=2, coef2=log(0.2))
remission <- idfs

#if recurrence happens before death

if (min(os.early,nat.os.s)>recurrence) {
#Late metastatic (after finishing idfs and recurrence)
os.mbc <- draw_tte(1,'Inorm’,coef1=0.8, coef2=log(0.2)) + idfs + recurrence
progression.mbc <- draw_tte(1,'Inorm',coef1=0.5, coef2=log(0.2)) + idfs + recurren

ttot <- draw tte(1,'Inorm’,coef1=0.5, coef2=log(0.2)) + idfs + recurrence

} else{ #If early metastatic
start.early.mbc <- draw _tte(1,'Inorm’,coef1=2.3, coef2=log(0.2))
idfs <- ifelse(start.early.mbc<idfs,start.early.mbc,idfs)
ttot.early <- min(ifelse(start.early.mbc<idfs,start.early.mbc,idfs),ttot.early)
os.mbc <- draw_tte(1,'Inorm',coef1=0.8, coef2=log(0.2)) + start.early.mbc
progression.mbc <- draw_tte(1,'Inorm',coef1=0.5, coef2=log(0.2)) + start.early.mbc
ttot <- draw _tte(1,'Inorm’,coef1=0.5, coef2=log(0.2)) + start.early.mbc
}
0s <- min(os.mbc,os.early,nat.os.s)
D %>%
add_tte(trt="noint",
evts = c(" start" "ttot", "ttot.beva","progression.mbc”,

n ll nn nn

s","idfs","ttot.early","remission”,
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ecurrence","start.early.mbc"),

other_inp = c("os.early","os.mbc"),

input={ #reference strategy

start <- 0

#Early

idfs <- draw_tte(1,'Inorm’,coef1=2, coef2=log(0.2),hr=1.2)

ttot.early <- min(draw_tte(1,'Inorm’,coef1=2, coef2=log(0.2),hr=1.2),idfs)
os.early <- draw_tte(1,'Inorm’',coef1=3, coef2=log(0.2),hr=1.2)

#if patient has remission, check when will recurrence happen
if (fl.remission) {
recurrence <- idfs +draw_tte(1,'Inorm’,coef1=2, coef2=log(0.2))
remission <- idfs
#if recurrence happens before death
if (min(os.early,nat.os.s)>recurrence) {
#Late metastatic (after finishing idfs and recurrence)
os.mbc <- draw_tte(1,'Inorm’,coef1=0.8, coef2=log(0.2)) + idfs + recurrence
progression.mbc <- draw_tte(1,'Inorm',coef1=0.5, coef2=log(0.2)) + idfs + recurren

ttot <- draw_tte(1,'Inorm’',coef1=0.5, coef2=log(0.2)) + idfs + recurrence
}
} else{ #If early metastatic
start.early.mbc <- draw_tte(1,'Inorm’,coef1=2.3, coef2=log(0.2))
idfs <- ifelse(start.early.mbc<idfs,start.early.mbc,idfs)
ttot.early <- min(ifelse(start.early.mbc<idfs,start.early.mbc,idfs),ttot.early)
os.mbc <- draw_tte(1,'Inorm',coef1=0.8, coef2=log(0.2)) + start.early.mbc
progression.mbc <- draw_tte(1,'Inorm’,coef1=0.5, coef2=1og(0.2)) + start.early.mbc
ttot <- draw_tte(1,'Inorm’,coef1=0.5, coef2=log(0.2)) + start.early.mbc
}

0s <- min(os.mbc,os.early,nat.os.s)

)

0

AN SR R R

EXHE#EI’J?)JQ‘*ETIEUE, e HHUME RN LARAEE SN, HEEA IXFSRAN

IR, X MNREBEISIRSZIIAYVSEAFIEPRAYS D (usually setting flags to 1 or O, or cr
ating new/adjusting events) . REIFHFII—MRMPossionDIIAREM, LURIIRRESHRY
B (BTN E M REGIEE SN ARESSETRE) .

ALMERIA T SRAE IR SRR E:

Item What does it do

0 0 Current event time (numeric)
0 0 Time of the previous event (numeri
)

0 0 Named vector of events that is yet
to happen for that patient (named numeric vector)

levil Current event being processed (character)
0il Patient being iterated (character)
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0 0 Simulation being iterated (numeri

)

ISR INMEBIEI—Zinputs/eventsfER— MistLAgroup e EREIHANE, TIAE— N — Ed
IH,

IS ( 0) MEXEH ( 0) B, W M EFERASHRIRFRAN A ERTE.
0 IR]{EFRRYBREN T -

Function What does it do Ho
to use it

0 0 Adds & Modifies items/flags/variables for fut
re events 0 0

0 0 Adds events to the vector of events for that pat
ent 0 0

0 0 Modifies existing events by changing their t
me 0

I

0

EAFIHE (Costs and Utilities)

TS, ERREERATNBETREE N,

X

5 IREESA, B SRS, STNEEAT, SSEANA.

IR PR B A P T LA P AR R EGE Y, (BB BB ST AR Efcycle length,

(973

{eF DERELE SR

I

B{THRE

A IRENE TR, TEEERNEEL. EIURE. Edrun a PSAZE,

HEE, EERInDh. BHEEURSH AR E SRR RIS TR E BRI,

#Logic is: per patient, per intervention, per event, react to that event.
results <- RunSim(

npats=2000, # number of patients to be simulated
n sim=1, # number of simulations to run
psa_bool = FALSE, # use PSA or not. If n_sim > 1 and psa_bool = FALSE, then

ifference in outcomes is due to sampling (number of pats simulated)
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trt_list = c("int", "noint"), # intervention list

common_all inputs = common _all inputs, # inputs common that do not change withina s
mulation

common_pt inputs = common _pt inputs,  # inputs that change within a simulation but ar
not affected by the intervention

unique_pt_inputs = unique_pt_inputs,  # inputs that change within a simulation between i
terventions

init_event list = init_event list, # initial event list

evt react list = evt react list, # reaction of events

util_ongoing_list = util ongoing,

cost_ongoing_list = cost_ongoing,

cost_instant _list = cost_instant,

ncores = 2, # number of cores to use, recommended not to use all
drc = 0.035, # discount rate for costs
drg = 0.035, # discount rate for QALYs
input_out = ¢( # list of additional outputs (Flags, etc) that the user wants to
xport for each patient and event
"os.early”,
"os.mbc”,
"nat.os.s”,
"sex_pt"

)

#> [1] "Simulation number: 1"

#> Warnmg in RunSim(npats = 2000, n_sim = 1, psa_bool = FALSE, trt_list =
#> c("int", : Item util_v is named. It is strongly advised to assign unnamed

#> obJects if they are going to be processed in the model, as they can create
#> errors depending on how they are used within the model

#> Warning in RunSim(npats = 2000, n_sim = 1, psa_bool = FALSE, trt_list =
#> c("int", : Item cost v is named. It is strongly advised to assign unnamed
#> objects if they are going to be processed in the model, as they can create
#> errors depending on how they are used within the model

#> [1] "Time to run iteration 1: 10.45s"

#> [1] "Total time to run: 10.45s"

0
=B
SERILE

BILAERsummary results detDitHEEER, summary results psalfkPSALEER, BILAMER 2 ipd
SKIRE.

summary results det(results$final output) #will print the last simulation!
#> int  noint

#> costs 365317.90 267967.54

#> lys 1299 11.83

#>qalys 9.82 897

#> ICER NA 84062.52

#> ICUR NA 114046.28

summary results_psa(results$output_psa)
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#> int noint

#> costs 365318(365318, 365318) 267968(267968, 267968)
#> lys 12.99(12.99,12.99) 11.83(11.83, 11.83)

#> qgalys 9.82(9.82, 9.82) 8.97(8.97, 8.97)

#> ICER NaN(NA, NA) 84063(84063, 84063)

#> ICUR NaN(NA, NA) 114046(114046, 114046)

psa_ipd <- bind_rows(map(results$output_psa, "merged df"))
psa_ipd[1:10,] %>%

kable() %>%
kable styling(bootstrap options = c("striped”, "hover", "condensed", "responsive"))

evtname evttime cost qaly ly pat_id trt sex _pt
at.os.s os.early os.mbc total costs total qalys total lys s
mulation

start 0.000000 0.0000 0.0000000 0.0000000 1 int fem
le 24.56429 17.0136 21.89380 4144223 10.23653 12.87903

idfs 6.070305 328703.5455 4.1087943 5.4783924 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

ttot.early 6.070305 0.0000 0.0000000 0.0000000 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

remission 6.070305 0.0000 0.0000000 0.0000000 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

ttot.beva 8.579367 44868.1706 1.7557110 1.9507900 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

recurrence 13.987665 0.0000 3.3063563 3.6737292 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

os 17.013600 40850.6180 1.0656683 1.7761138 1 int
emale 24.56429 17.0136 21.89380 4144223 10.23653 12.87
03 1

start 0.000000 0.0000 0.0000000 0.0000000 2 int fem
le 41.83077 19.2660 30.33222 3794744 11.93604 14.02155

ttot.early 5.877182 319268.6445 3.9908581 5.3211441 2 int
emale 41.83077 19.2660 30.33222 3794744 11.93604 14.02
55 1

ae 5.877282 816.9422 0.0000817 0.0000817 2 int fe
ale 41.83077 19.2660 30.33222 3794744 11.93604 14.02155
I
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data plot <- results$final output$merged df %>%
# mutate(evttime = ifelse(evttime > 99, NA, evttime)) %>%
filter(evtname != "start") %>%
group_by(trt,evtname,simulation) %>%
mutate(median = median(evttime)) %>%

ungroup()

#Density

ggplot(data_plot) +
geom density(aes(fill = trt, x = evttime),

alpha = 0.7) +

geom _vline(aes(xintercept=median,col=trt)) +
facet_wrap( ~ evtname, scales = "free y") +
scale y continuous(expand = ¢(0, 0)) +
scale x_continuous(expand = c(0, 0)) +
theme _bw()

0
0
https://roche.github.io/descem/articles/example_ipd.html

ifelse(!"pacman" %in% installed.packages(),install.packages("pacman”) library(pacman))

p_load("descem”,"tidyverse","survival","survminer","flexsurv","flexsurvPlus","kableExtra")

#Define variables that do not change on any patient or intervention loop
common_all inputs <- add_item(

#Parameters from the survival models

OS.scale = 3.1523,

OS.shape = 1.1346,

OS.coef.int = 0.3066, #Intervention effect

# TTP.scale = as.numeric(TTP.fit$coef[2]),
# TTP.shape = as.numeric(TTP.fit$coef[1]),
# TTP.coef.int = as.numeric(TTP.fit$coef[3]), #Intervention effect

TTP.scale = 0.5865,
TTP.shape = 1.3757,
TTP.coef.int = 1.0992, #Intervention effect

#Utilities

util.PFS = 0.6, #Utility while in progression-free state

util.PPS = 0.4, #Utility while in progressed state

disutil.PAE = -0.02, #One-off disutility of progression-accelerating event

#Costs

cost.drug.int = 85000, #Annual intervention cost

cost.drug.ref = 29000, #Annual cost of reference treatment

cost.admin.SC = 150, #Unit cost for each SC administration

cost.admin.oral = 300, #One-off cost for oral administration

cost.dm.PFS = 3000, #Annual disease-management cost in progression-free state
cost.dm.PPS = 5000, #Annual disease-management cost in progressed state
cost.ae.int = 2200, #Annual adverse event costs for intervention
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cost.ae.ref = 1400, #Annual adverse event costs for reference treatment

)

#Define variables that do not change as we loop through interventions for a patient
common_pt_inputs <- add_item(
#Patient baseline characteristics
Sex = rbinom(500,1,0.5), #Record sex of individual patient. 0 = Female; 1 =Male
BLAge = rnorm(500,60,8), #Record patient age at baseline

#Draw time to non-disease related death from a restricted Gompertz distribution
nat.death = draw_resgompertz(1,shape=if(Sex == 1){0.102}else{0.115},
rate=if(Sex == 1){0.000016}else{0.0000041},
lower bound = BLAge) # Baseline Age in years

#Define variables that change as we loop through treatments for each patient.
unique_pt_inputs <- add_item(
flint = 0, #Flag to determine if patient is on intervention. Initialized as 0, but will be change
to current arm in the Start event.
fl.prog = 0, #Flag to determine if patient has progressed. All patients start progression-free
fl.ontx = 1, #Flag to determine if patient is on treatment. All patients start on treatment
fl.LPAE = 0, #Flag to determine if progression-accelerating event occurred
pfs.time = NA #Recording of time at progression

)

init event list <-
#Events applicable to intervention
add_tte(trt="int",
evts = ¢("Start","TxDisc","Progression”,"PAE","Death"),
input={
Start <- 0
Progression <- draw_tte(1,'weibull',coef1=TTP.shape, coef2= TTP.scale + TTP.coef.int,
eed = as.numeric(paste0(1,i,simulation)))
TxDisc <- Inf #Treatment discontinuation will occur at progression
Death <- min(draw_tte(1,'weibull',coef1=0S.shape, coef2= OS.scale + OS.coef.int, seed
= as.numeric(paste0(42,i,simulation))), nat.death) #Death occurs at earliest of disease-related
eath or non-disease-related death
PAE <- draw_tte(1,'exp’,coef1=-log(1-0.05)) #Occurrence of the progression-accelerati
g event has a 5% probability for the intervention arm
N %>%

#Events applicable to reference treatment
#Events are the same except that there will be no treatment discontinuation
add_tte(trt="ref",
evts = c("Start","Progression”,"PAE","Death"),
input={
Start <-0
Progression <- draw_tte(1,'weibull',coef1=TTP.shape, coef2= TTP.scale, seed = as.num
ric(pasteO(1,i,simulation)))
Death <- min(draw_tte(1,'weibull’, coef1=0S.shape, coef2= OS.scale, seed = as.numeri
(paste0(42,i,simulation))), nat.death) #Death occurs at earliest of disease-related death or non
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disease-related death
PAE <- draw tte(1,'exp’,coef1=-log(1-0.15)) #Occurrence of the progression-accelerati
g event has a 15% probability for the reference arm

)

evt react list <-
add reactevt(name evt = "Start”,
input = {modify_item(list(flint = ifelse(trt=="int",1,0)))
D %>%
add reactevt(name_evt = "TxDisc",
input = {modify_item(list("fl.ontx"= 0))
D %>%
add reactevt(name_evt = "Progression”,
input = {modify item(list("pfs.time" = curtime, "fl.prog" = 1))
if(trt=="int"){modify_event(list("TxDisc" = curtime))} #Trigger treatment discont
nuation at progression
N %>%
add reactevt(name_evt = "Death",
input = {modlfy item(list("curtime" =Inf))
D %>%
add reactevt(name _evt = "PAE",
input = {modlfy item(list("fl.PAE"= 1))
#Event only accelerates progression if progression has not occurred yet
if(fl.prog == 0){modify_event(list("Progression" = max(draw_tte(1,'weibull’,coef
=TTP.shape, coef2 = TTP.scale + TTP.coef.int*fl.int, hr = 1.2, seed = as.numeric(paste0(1,i,simu
ation))),curtime)))} #Occurrence of event accelerates progression by a factor of 1.2

)

util ongoing <- add_util(evt = c("Start","TxDisc","Progression”,"Death","PAE"),
trt = c("int", "ref"), #common utility across arms
util = ifelse(fl.prog == 0, util.PFS, util.PPS))

util_instant <- add_util(evt = c("PAE"),
trt = c("int", "ref"), #common utility across arms
util = disutil.PAE)

cost ongoing <-
#Drug costs are specific to each arm

add_cost(
evt = c("Start","TxDisc","Progression”,"Death","PAE"),
trt = "int",

cost = (cost.drug.int +
cost.admin.SC * 12 + #Intervention is administered once a month
cost.ae.int) * fl.ontx +
ifelse(fl.prog == 0,cost.dm.PFS,cost.dm.PPS)) %>%
add_cost(
evt = ¢("Start","TxDisc","Progression”,"Death","PAE"),
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trt = "ref",

cost = cost.drug.ref +
cost.ae.ref + #No ongoing administration cost as reference treatment is oral
ifelse(fl.prog == 0,cost.dm.PFS,cost.dm.PPS))

#0ne-off cost only applies to oral administration of reference treatment, applied at start of tr
atment
cost_instant <- add_cost(

evt = "Start",

trt = "ref",

cost = cost.admin.oral)

results <- RunSim(

npats=2000, # Simulating the number of patients for which we have IPD
n_sim=1, # We run all patients once (per treatment)
psa_bool = FALSE, # No PSA for this example

trt_list = c("int", "ref"),
common_all_inputs = common_all_inputs,
common_pt_inputs = common_pt_inputs,
unique_pt_inputs = unique_pt_inputs,
init_event list = init_event list,
evt_react list = evt_react list,
util_ongoing list = util ongoing,
cost_ongoing_list = cost_ongoing,

cost _instant _list = cost_instant,

ncores = 2,
drc = 0.035, # discount rate for costs
drg = 0.035, # discount rate for QALYs

input_out = c("BLAge","Sex","nat.death”,"pfs.time")
)

summary results det(results$final output)
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