2021 FEBAFBITHRHEERESREMNE (BRHNEREMRER)
EEM - ERESFOERMNNRTMICE TSI ELHNBERREASEICET 8%

R ZAVEEREFRTFMEET ) > 7 DB EH

SHEARE - HF BN
EERE MERFRMMEME EREFTE - ERREXE1I=v b

<t

1. FC®IC

— I, EEBRFTECEIRYANET D M HLOHHDEOIZETILERAWN a2 L
—TavhfThhd, REBETILOIILATIETILLGEEBRANESHT THVOLNSET
WIE, BRRBINTGA—FANPREITIRFLEZHEETILTHY., ZIHhoRIoNHER
FARERICTHEETHD, —RIZ, EERFHEOETIILOMK LBEITHE L TITERAM
ARNT HIERIZHD, D=, BERREBFBC—MRTRIE, ETILOEERICEREZL
L, TOBREZEALGVNERT HFEMELNH S, BENGERREICIE. SHMEOH
ROBOTEETHY. ETYVIICEVWTHLZOEERFILSEEHE AT,

BREE., ETIVUTIZEVWTIEI VIO TreeAge Pro B EDY 7 bz 7HARAWLWLAT
EfM. FETHLICEOHEDNEOEBMTRELNHY . FHRBECHEHLGTETILIZONT
X, ERKICEENHY . HD, ZAMDRIAIRBELELTLENHDH. CHLEREZ
ERIEE, JU—DVY I+ Iz 7THD R ZRAVEEERETMEOETY >IN ERL
D2OHB, FlAIE. EEERREMMOBRMELA—TOV—RADY ) a—2 3 VIZED
EHOMEETHERSIN-HATHS Decision Analysis in R for Technologies in
Health (DARTH)IZ. R R—ZADNEBREETINEBETELILSLEMEZHETEH &L
#BHELT, 2016 EOSMDM TD Y a— ba—XREFRYYICEMSEEENDT—H ¥
a3y TEEHELTWS, FDARTHIZ R DA—FOFa— Y 7ILEMZLARLTNS
(https://darthworkgroup.com/), £®h, R for Health Technology Assessment (R
for HTA) H R M E Y #8# %17 > TULVS (https://r-hta.org/),
ETVIUTIZBVWTRZFAT DAY Y FELTTREAETFLND,

BHIZEZS2A—ToV—RTHDHZ L

EEDETIBEERETELREMNHDH &

RIRERAVERA D PRI YUY I DRT Y THENT &

AEMEMERMICEN &

MBI EET YT DMENARETHASZ &

EBRI(T 2 7F)ICZEMNHLHZ &

ETILOERAME., BERE, HEUZRET S L
RODEFFIARXMONBNYTr—PDZRAICHESI TV IRV I RLEDRENHHLD

N oA WNRE

1
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D, &, HF - HRITEITSH RDFABRECLDEZEA NS, FFEMICE, BX
ZEHREOERRMFMO TOLXIZENTE R RA—XDETY VIMNREASINLAEE
MiLEZ NS, ABIRFERETIE. DARTH B 2FT 5 R ICE D2 BERAMRSITOBMEH
D—8ELEaA—L, BIORY )T FEHNMBEREBNT B,

2. RStudio i#FDEX
2.1 R & RStudio

RIFIEBHTHATEZLIMAMTY I bTHY . BEMGHHABHIOALG LT, 1 —H—
Lk > THRRSNERFOHABTDONRN vy —CF A VR M—ILT B EITK YREE
KT BHZELAETH S, R BARIFRY YT RDOTATZLDI—FK) #AHT 3
LIZKYRETIDENH D=0, NIFEELE > TEZFDON—FLAFULA, EE. R D
kx=wHBT HEE Y 7 b7 & LT RStudio NFAFREE 12> TLV5, RStudio TIX.
RIORAEZRAWEY Y IICKDRENARET. T— 2 DERAFAHOHEET. XU T
DIFETHEE. T2 7HANRBHEL-THY ., EFE. EERMFTMEICE T EHHE - BRI
BLWTHEFEASINDIZTE->TLVS, R BLURStudio DA VR F—JLIZDWTIETREE
=SBEINfLY,

R/RStudio ® 4 > X b—ILi%
BEMIMRERE -IRTAVIERE XN B4E K R—LR—D
https://yukiyanai.github.io/jp/resources/

masayukeeeee & HR—LR—
https://zenn.dev/masayukeeeee/articles/96c7832de4dc40

2.2 RStudio DOiELH

R & RStudio NIEEIZA VR b—JLE =5, RStudio #&£ETHZ LIk Y R ZEFIH
TE5(R #EERHT HLEILALY), RStudio 2EE L5, TI. BEERELD+7A
a2%&9 )y L. RScript Z:ZRL. D R script ZfA <, RStudio DEXREmE(E.
HKDE3I124 200142 E9(RAL 2 Pane)IZRE| TN TS,

2.3 ERA U OHEE

@Source

® RDRYVYTHEER - HR&E -ETT2V1VRITHB,

® [Run] 742 %9 ) vy, I, ¥F—HKR— KT Ctrl+Enter T35 & T.
A—YIDBHZTDRY ) T EHETEIND,

& RUTIDEHEZRINT S LTHEELLBEORI ) T REXRTTEHIENTE
%,
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@Console
0 EFLERVYTHREHERNRTEINDS,

®Environment

® Environment 2 JIZl&. HARALET— 2 CEFTEROENEEZRMLI TP
I bl BREREND, 7TV ED VI TEHEZTDRED Source XA 2D
FHR2TIZTRREIND,

® History # JICI&. BEIZEFTLEZRI )T EBRESATE Y. Mo sourcel] 74
aVEV VYT ABHE, Source RA vICaE—ahb,

@Plots

® Plots # JICI&. Source R4 U TEITLIZY S 7HBEDOHKRENR RTINS, T T(E
FExport] * Za—moHBRELZBELTHNT HIEAARETH S,

® Help # JTId Source R4 > T, 2B%A O help(B%£)%ETT5H I & T, BH©®
Ny T—UICET AL THRRTEIND,

® Package 2 JICIFBREA VR F—ILENTWLWSNRYyr—CD—EBLRREIN, Fx v
DGRV RICF T VI EANBDZETEDONY—UHNFIRAAREE 425, Source R
A4 VT, library(INv 7 —O8)ERITTEHETENYrT—UNFATREE L D,

24 "y r—T0FIA

R Tl&. BALREHORFOERBNEFES2HOD Ry Fr—T ) EFENIEHDO+
v hDHB, ZL DIV —UE CRAN BEDY T THA MMIBFEEL. BEIZELT, &
D A—FR, A RAR=)LLTES ZENTES,

FIEELELTIEET. UTOI—FTNRYTr—CF A VR M—=LT B,
install.pakages(" /Sy —CDEF) XA TNLA—T—23UhHBHILITER

AR M=ILBRET L6, RIZUTOO— KT, NyFs5—UZFMFEUH L, RStudio k£
THRATEHKEIZT 5,

library(/ Sy 7r—C DA XA ITNa—T—2a D BN EITER
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O Rstudio - 8 X
File Edt Code View Plots Session Build Debug Prole Tools Help

O -lQpler- H B ¢ A Go to fierunction ~ Addirs * B Project (None) *
9 Untteat =M Environment  History  Connections  Tutorial -
k (seurceonsme | Q /7 - PRun | 9% PSouce v/ = (2 k] [P importDsteset - | o ust - | @&~

1 ik Gioval Emircrment « 2

Environment is empty

®Source ®Environment
Fles  Plots  Packages  Help  Viewer =D
Console  Terminal - Jobs =0

R version 4.0.3 (2020-10-10) -- “sBunny-wunnies Freak out™
Copyright (C) 2020 The R Foundation for Statistical Computing
Platform: x86_64-wb4-mingw32/x64 (64-bit)

R (2. BERIVIMOZTFTHD. [R2CEWIE] TY.
—XOFFCRAZ. BACCTNEBREETICENTEET.
EHRFFORECHLTE. "Mcense()' BB "Ncence()' EANULTITZELY,

@Console @Plots

R RS {ORBBCLIZMIOSHHTT,
NULIF “contributors()” EANLTLE
FT.R DR QN YT -TREEHTIATIVOBRCOVTE
‘ciration()’ EANULTLRAL,

‘deno()’ EANTNETERHBCLHNTEET.

‘help()’ ETNUEASSAIAILTHEET,
‘help.start()’ T HTML JSOFILLBALTHNHSNET,
Q)" EANTHIZ R BRTUEY,

2-4-1. RStudio OEAKEME
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3. DARTH QO##{ER D £ (R
FRAZ74J) : 00_prep.R
F3 /8y —2 Tpacmanl #4542 A—FKL, /Xy 75— F#BERIZA VR F—ILT
51=-OIZFERT %,
if (‘require('pacman')) install.packages('pacman'); library(pacman)

pacman : A4 73Ny sr—DICHET ABEHEFEMNIZISYy T L. ERMT—ELT:
FHETREZNITE, BELRNILOEEEZHAEHOESZ LT, 7T—070—Z25& LTS
CEEBETELDTH B, install.pakeges() % library() Z8#HT B L4 <.
pacman::p_load() ®—{TTAY— MIEHIT B eNTES,

$% https://plaza.umin.ac.jp/shoei05/wp/index.php/2020/10/24/145/

require BE%%:
£# https://justdoit.hatenablog.jp/entry/2015/01/11/231208

CRAN Do BZREDMHE/ Ny T — O EHmAHRAL,

p_load("here", "devtools", "dplyr", "scales", "ellipse", "ggplot2", "lazyeval",

"igraph", "truncnorm", "ggraph", "reshape2", "knitr", "markdown", "stringr")

GitHub M 5/8y 4 —2 Tdampack] Z5H&#AL,

install github("DARTH-git/dampack", force = TRUE) # (Un)comment if there is a
newer version
p_load gh("DARTH-git/dampack")

dampack:

REBETIVORBENY T—OEHRHAL,

install github("DARTH-git/dectree", force = TRUE) # (Un)comment if there is a
newer version
p_load gh("DARTH-git/dectree")

TIIWATETILDBENRY T —DFHRAFAD,

p load("diagram")

EFRRIMOBENY 7—DEHRHAT,
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p load("gems", "flexsurv", "survHE", "msm", "mstate")

CALIBRATION & VOI(fE$REE D) IZ DV TIEATE TIEMM V=0, BB/ Sy —
DDHHIAHEEBRT B,

4, REBWETIVIZESCERADRLSH
4.1 BEVFT VA T4 IR ERKDAE]

DAIIAEREIL. NILRZXDA LA (HVE) EZDDI4 LR (OVE) 2k > THl
ERIINDZZENHD, NLRZAIAILR(F, IAIILAEREDFIS2% %5 ERIT,
BELLBZVEEOEME (EEGKREE) OV XYL HVE TlE 71%. OVE TlEh3Th
1%ELVbhTWS, EFSEVENSEHIE, HVE ICK P EHEDARENLEZ 71%H 5
36%ICEHADESEDIENTES, LML, OVE EFTIX. EFSEVIZEDBERIIEE
BEMERZHL., AHHED ) RV [ER—XZ/4 2D 1%h 5 20%IZHEMT 5, HVE O
EZEIRNER TREERA. COAZBENRS 0.5%DHERTHEMN LS,

HixtzlE. 3 DOEEEIE (BAE. EASEVAE. HVE LB SNz ANDIKNER
LEFSEVARE) ICHETIERELARZFET I L2RELATLS, HRIEE
FBEFEEH (QALYs) THAIEEIN S,

BHEDTE VDA ILAERRDIGEDEREL 1,200 RILELN, GHENFEET L L
9,000 FILICETLERT D, EFSECDAEEE 9,500 KL, fN4EHRKIE 25,000 FILD
RETHD,

BHER K VA LR ERKMN SEE L-EED QALYs EF 1 20 THEIM. AHHEHIHK
£ LEEED QALYS (XFH 19 THD, MERIIBZRBOXREVLETHS=H. Th
EZT-BETEROBRICHANHLST 1 ERY 0.01QALYs DEXERET S LITK
%

N 5 A — F [T K 4-1-1 T EH T b, XKEECTIE ..
"decision_tree_HVE_solutions.Rmd "TiRitEnba—FKDOToTL— 2 FERT S,
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R A4-1-1. NSTA—FEE

Parameter R name Value
Prevalence of HVE p_HVE 0.52
Probability of complications without treatment
- HVE p_HVE_comp 0.71
- OVE p_OVE_comp 0.01
Probability of complications with vidarabine treatment
-HVE p_HVE_comp_tx 0.36
- OVE p_OVE_comp_tx 0.20
Probability of complications due to brain biopsy p_biopsy_death 0.005
Quality-adjusted life-years (QALYs)
- Remaining QALYs without VE complications q_VE 20
- Remaining QALYs with VE complications q_VE_comp 19
- QALY loss due to brain hiopsy q_loss_biopsy 0.01
Healthcare costs
- Cost of viral encephalitis without complications c_VE $1,200
- Cost of viral encephalitis with complications c_VE_comp $9,000
- Vidarabine treatment c_tx $9.500
- Brain biopsy c_biopsy $25,000
- Willingness-to-pay wtp $100,000/QALY

XDARTH BEE&E#M K Y5IA

4.2 ‘BEREDH
1. HITKim/ —RFTOT7 7 b HLE (IR FE QALYs) ICEBL. REBDEEZ1T

Jo
aA—FTUTL— M ARG LI BROGFEASFEFNTILS. D 2 DO
HITLPHFSNIBREFARI - FERHEELE L,

. dampack /Xy 4 —2® calculate_icers() B# & EA LT, 10 7 FIL/QALY DXk

WEELET. SEKOES I X+, QALYs, ICERs. Incremantal NMB #:t &4
5, BB RFFa A2 bERSIZIE, M?calculate_icers()) EARE LK,

plot()B8# & calculate_icers BB E N ZEF->-TERAXRNREND 7O T+ 7% 7A
v b3 %,

4.3 X5 V)T +DH
A2 74 JL: decision tree HVE solutions.Rmd

FT TV AR—ZANLCEHEFOELREEZHRLTH <,

rm(list = Is()) # clear memory (removes all the variables from the workspace)

4.3.1 NV T—DDFHEHAAH
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TREORV )T rEETTEHILITEY ., BRELGNRYT—DEEREHAD,

{r, warning = FALSE, message = FALSE}

if ('require('pacman')) install.packages(‘pacman'); library(pacman) # use this
package to conveniently install other packages

# load (install if required) packages from CRAN

p_load("here", "dplyr", "devtools", "scales", "ellipse", "ggplot2", "lazyeval",
"igraph", "truncnorm", "ggraph", "reshape2", "knitr", "stringr")

# load (install if required) packages from GitHub

# install_github("DARTH-git/dampack", force = TRUE) # Uncomment if there is
a newer version

# install_github("DARTH-git/dectree", force = TRUE) # Uncomment if there is a
newer version

p_load_gh("DARTH-git/dampack", "DARTH-git/dectree")

4.3.2 BEHDOFHEARAH
HEBEERDN =D OBEHDFHAATERT S,

4.3.3 NS A—SDEE
INTGA—BDEREEANEDREEITS,

v_names_str <- c¢("No Tx", "Tx All", "Biopsy") # X b5 T —D 4TI
n_str <- length(v_names_str) # X FST—ND#K
wtp <- 100000 # 3.5 B4ERIE

# HEE

p_HVE <- 0.52 # HVE DAEKRE

p_HVE_comp <- 0.71 # KAED HVE 56 L1155
p_OVE_comp <- 0.01 # R&ED OVE &6 L1=15&
p_HVE_comp_tx <- 0.36 # HVE #AEBE LB ADAHE
p_OVE_comp_tx <- 0.20 # OVE A& LI-158 D& HHE
p_biopsy_death <- 0.005 # £BRNBERTRIEI SR

# aX b+

C_VE <- 1200 # AHENZMEED DA L AKX DAERE
c_VE_comp <- 9000 # SHHENHDIIBEDV A IIL A ERMXDEEE
c_tx <- 9500 # AEE

c_biopsy <- 25000 # fN<£E®RDEA
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# QALYs

q_VE <- 20 # VE BIEDESHHEN L LMEEDREY O QALYs
g_VE_comp <- 19 # VEBEAESHEDNDH D ADFEY QALYs
q_loss_biopsy <- 0.01 # K4£E#RIZK S 1 EIRY D QALY
g_death_biopsy <- 0 # £&EHPIZFET L= ADFEHF QALYS

#INFGA—BFZ R MHERT D
|_params_all <- as.list(data.frame(p_HVE, p_HVE_comp, p_OVE_comp,
p_HVE_comp_tx, p_OVE_comp_tx, p_biopsy_death.D), p_HVE_comp_tx,
p_OVE_comp_tx, p_biopsy_death,

c_VE. c_VE_comp. c_tx. c_biopsy,

q_VE, g_VE_comp, g_loss_biopsy))
#INTGA—BDERZEANY MILIZHEHT
V_nhames_params <- c('p_HVE', 'p_HVE_comp', 'p_OVE_comp’,
'p_HVE_comp_tx', 'p_OVE_comp_tx', 'p_biopsy_death’,

'c_VE', 'c_VE_comp', 'c_tx', 'c_biopsy', 'gq_VE', 'q_VE_comp',

'g_loss_biopsy")

FERRXH ) T MEETT B E. Environment [ZIEE 4-3-3-1 DL S H/INTA—REETFE
NREREIND,

oject: (Nor

Environment History  Connections  Tutorial

= # import Dataset ~ | % 316MB - | & List =

= R~ % Global Environment

Data

decision_tree_HVE_output 3 obs. of 4 variables

1_params_all List of 13
values

c_biopsy 25000

CiEX 9500

C_VE 1200

C_VE_comp 9000

NUSEr 3L

p_biopsy_death 0.005

p_HVE 0.52

p_HVE_caomp 0. 71

pP_HVE_comp_tx 0.36

p_OVE_comp 0.01

p_OVE_comp_tx 0.2

q_death_biopsy 0

g_loss_biopsy 0.01

q_VE 20

q_VE_comp T

V_Names_params chr [1:13] "p_HVE" "p_HVE_comp" "p_OVE_comp"” "p_HVE_comp_tx" "p_OVE_comp_tx" _.

Vv_names_str chr [1:3] "No Tx" "Tx Al11"™ "Biopsy”

wtp le+05
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K 4-3-3-1. INTA—FRTE

4.3.4 ETILOEBEL L
REBMETILEREL., PTEERTIT 5,

decision_tree_HVE_output <- with(as.list(I_params_all), {

V_W_no_tx <- ¢( p_HVE * p_HVE_comp , # HVE, &#E)
p_HVE * (1 - p_HVE_comp) , # HVE, &#tEX L
(1 - p_HVE) * p_OVE_comp , # OVE, &#tE
(1 - p_HVE) * (1 - p_OVE_comp)). # OVE. &f#HEX L

V_W_tx <- ¢( p_HVE * p_HVE_comp_tx , # HVE w/tx, &#HE)
p_HVE * (1 - p_HVE_comp_tx) , # HVE w/tx, &#HEL L
(1 - p_HVE) * p_OVE_comp_tx , # OVE w/tx, & #HE
(1 - p_HVE) * (1 - p_OVE_comp_tx))) # &#HELL,

v_W_biopsy <- c(p_biopsy_death , # &Rk BT
# £BEGE L, HVE/tx HY . EHHEHY
(1-p_biopsy_death) * p_HVE * p_HVE_comp_tx,
# ERICEDETAHL, HVE/tx HY . EHHERGL
(1-p_biopsy_death) * p_HVE * (1-p_HVE_comp_tx) ,
# £%EGE L. OVE, &HHEHY
(1-p_biopsy_death) * (1-p_HVE) * p_OVE_comp ,
# £BREG L. OVE. &HHEL L
(1-p_biopsy_death) * (1-p_HVE) * (1 - p_OVE_comp)))

# BEBOTY AL (QALYS) DAY MLEHERT S

v_galy_no_tx <- c¢(q_VE_comp , # HVE, Af#E)
q_VE , # HVE, &L L
g_VE_comp , # OVE, &#HE

q_VE) # OVE, &#tfE% L

v_qaly_tx <- c¢(q_VE_comp , # HVE, &#HE)

10
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q_VE , # HVE, &#7 L
q_VE_comp , # OVE, &#tiE
q_VE) # OVE, & L

v_galy_biopsy <- -q_loss_biopsy + # &£#&I- &k 8%
c( g_death_biopsy , # £RDABHE)
g_VE_comp , # £RICK B E6HEL L, HVE w/tx, &6HEH Y
q_VE, # £#%E&RGL. HVEH Y. EHELL
g_VE_comp , # &£#%REX L, OVE, &6HE
q_VE) # £#&7L, OVE, &HHER L

# FEEOIX DO MILEERT S

v_cost_no_tx <- c(c_VE_comp , # HVE, &)
c_VE, # HVE, &6HEL L
c_VE_comp , # OVE, &#HE
c_VE) # OVE, &8t L

v_cost tx <-c_tx + # BAEICEL-EH
c(c_VE_comp , # HVE, B#fE
c_VE, # HVE, &6HEL L
c_VE_comp , # OVE, &#HE
C_VE) # OVE. &#tfEn L

v_cost_biopsy <- c_biopsy + # £#&NDERA
c(0, # ‘LCEOOXR+ (EQO)
c_VE_comp + c_tx , # £%&BHL L. HVE w/tx, &6HEHY
C_VE + c_tx , # &%ER%G L. HVE w/tx. &6HELZ L
c_VE_comp , # £#&#1E% L, OVE, E6HE
C_VE) # £%&MG L. OVE. BHHELL

# IO QALY Z5tHEIT S

total_galy_no_tx <- v_w_no_tx %*% v_qaly_no_tx
total_qgaly_tx <- v_w_tx %*% v_qaly_tx

11
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total_qgaly_biopsy <- v_w_biopsy %*% v_galy_biopsy

# BERBROBIX MEHETS

total_cost_no_tx <- v_w_no_tx %*% v_cost_no_tx

total_cost_tx <- v_w_tx %*% v_cost_tx

total_cost_biopsy <- v_w_biopsy %*% v_cost_biopsy

# 15 QALYs DR kL

v_total_qaly <- c(total_galy_no_tx, total_qgaly_tx, total_qgaly_biopsy)

# BRERAOANY ML

v_total_cost <- c(total_cost_no_tx, total_cost_tx, total_cost_biopsy)

#nmb DRV MLEFHET S
v_nmb <- v_total_qgaly * wtp - v_total_cost

# T2 bALIZERTZAITS

names(v_total_qaly) <- v_names_str # #& QALYs X4 MLDERIZDIT BRI
names(v_total_cost) <- v_names_str # #8a X rARY FLDERIZHIET 5L H]

names(v_nmb) <- v_names_str # nmb XY ~ILOEBERIZHET AR

df_output <- data.frame(Strategy = v_names_str,

Cost = v_total_cost,
Effect= v_total_qaly,
NMB = v_nmb)
return(df_output)
1)

# ETILHEA
decision_tree_HVE_output

LEEDORY ) T FOETOHER. Source [ZIXE 4-3-4-1 DHEANRRTEN B,

df [3 % 4]

Strategy Cost
MNo Tx No Tx 4117.20
Tx All Tx All 12908.56
Biopsy Biopsy 32599.41

 4-3-4-1. 7 b A LOHEHER
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Effect

1562600
15.71680
1569896

NMB
1958483
1958771
1937297




4.3.5 REWMETILOHE

REBZHEBE T 5, GH. REHOEBRERZAALEI VLD 741
(decision_tree_HVE_branches.xIsx)Z & oM LOEEFD I+ L FIZHRELTHE @
EhHD,

{r, out.width = '100%', warning=F}.

branches <- read.csv('decision_tree_HVE_branches.csv', stringsAsFactors = F,
header = T)

tree <- create_tree(branches)

plot_tree(tree, font.size = 3.15)

LFERY YT FE2ETT S E. Console ITREBMNEHE NS (K 4-3-5-1),

Complications

0.36
o Complications

0.64
Complications

0.2
lla Complications
0.8

Complications
0.71

0.52 o Complications
0.29

Complications

OVE 0.01
0.48 ko Complications

0.99

Treat

Do not treat

Biopsy death
0.005

Complications

0.36
hg Complications

0.64
Complications

0.01
llo Complications

0.99

Survive
0.995

=] — (3] — i [ =] - -4 (=] — =] —
(=
=

X 4-3-5-1. REH/ETILOEE

4.3.6 ERAMRSITOER
MEIOVTAT7OBRERFAT, ERORMEOEANLERNNREHETTT 5,

decision_tree_HVE_cea <- calculate_icers(cost =
decision_tree_HVE_output$Cost,

13

041




effect = decision_tree_HVE_output$Effect,

strategies = decision_tree_HVE_output$Strategy)
decision_tree_ HVE_cea

LR YT rE2EITTBHE. Console IZEADTOFERENH NI B (K 4-3-6-1),
No Tx B & Lb#k L 1= Tx All B ICER [£$96,826/QALY &t S nt-, &, Biopsy B
[T Tx Al BFICEELTE I EG o1,

icers [3 % 7]
Strategy Cost Effect Inc_Cost Inc_Effect ICER Status
No Tx 4117.20 19.62600 ND
Tx All 12908.96 19.71680 8791.76 0.0908 96825.55 ND
Biopsy 32599.41 19.698596 D

B 4-3-6-1. EXSHTOHER

4.3.7 HEIJ2OV T« THBOHEE
43.6 DEAKREZLEIC, BEBTIOLD T4 TEHET 5,

plot(decision_tree_HVE_cea, effect_units = "QALYs", label="all")

LAY ) T EETITBHE. Console IZR 4-3-7-1 A AZN B,

35,0004
°
.
30,0004
26,0001
® Dominated
& FEfficient Frontier
@ 20,000
"]
=]
&) Dominated
16,000 .
Weakly Dominated
T Al = Efficient Frontier
10,000 7
5.0004
19.62 19.64 19.66 19.68 19.7 19.72
Effect (QALYs)
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E 4-3-7-1. EETOTA T

5. TILATETFIIZESCERADESHT
5.1 &7+ Y7+ ISick-Siker €T/L]

COEETIE, FHFEE 25 ROBEANEBEL, RTEOEM. EREDEM, QOL @
BTZ24L-03REBEOEKREZETIVIET S, COBRICIE 2 DOLANLLHY., BESET
=Y. WRICGEED, TORETLTLIYVETLERRICESAEENAH D, CDYY—
FUOIRFIVORRUIK L TIE, BAELABELLS 2 DORBHBAEFET 5, AE
HRERTE., RRHIVELYETLEZRROREICHIEEE,. BETLIH RROEHEE
DHEET D, EFTLE-HRIOBEEIEERLAGWN,), RTEITIFETHEIND, AEE
F. RERHDIVELYVETLERIORBOERANBZEREICLERFEIND, AEE. &
KDBEED QOL ZMLEEELIMN, KYEITLIREIDEEZED QOL IZIFEEEFZ ALY,
BREhn, RROBELETL-BRIOBEZHEICRANT LS LETERLDT, &
SKDOAEZFITEBEORBEZEHLEDICLIETELRL, HEIE. COBREOEAXMYDRZE
FET DL S5KRDENATLNS,

CORKEETIVIET B1=0IZ. Enns (2 & > THRHIZEER Stz Sick-Sicker €T )L
EEEN S REER IR— FETILERAWLS, Sick-Sicker ETILIE 4 DDRBEKELNS
BRI TS, BERKEH). 2 DOKBIRE, BR(S1)EETLERR(S2). £LT
EEMD)THD (B 5-1-1), IRXRTOEKTBELKENSRFI— T 5, BELGEK
(X, BFEOBALELELITHRREREL. S1 ([TETT IAENENHD. S1 IV BEKILE
& RKEBHIZCRE%) 94M. SHITS2ICHE#TTHM, RTT LHAREMENH S, S2121VD
BRFEETELZL (ThHhHE, S1I12H HIZHEBITTEAWN), HDEHF, R—RX 54
VORI RVIZELEN, S1 &£ S2DEEE, HDIREBOESE L HHE L TRTERI|EM
L. ShENTF—FELTERSNDS, DN\ Y—FKLIE, S1 &£ S2 (12015 & FITH
CYAMEZHET H-ODICFERSIND,
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B 5-1-1. Sick-Sicker €FI)L
N A —HF[FFk 5-1-1 TEHEIND, XKEE T IX. "markov_sick-
sicker_solutions.Rmd "TiR#tshba3—FOTUFL— +2ERT 5,
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& 5-1-1. NFTA—FHRTE

Parameter R name Value
Time horizon n_t 30 years
Cycle length 1 year
Names of health states v_n H, 51,82, D
Annual discount rate (costs/QALYs) dar 3%
Annual transition probabilities

- Disease onset (H to S1) p_HS1 0.15

- Recovery (51 to H) p_SiH 0.5

- Disease progression (S1 to S2) in the p_sis2 0.105

time-homogeneous model
Annual mortality

- All-cause mortality (H to D) p_HD 0.005
- Hazard ratio of death in S1 vs H hr S1 3

- Hazard ratio of death in S2 vs H hr_S2 10
Annual costs

- Healthy individuals ¢ H $2,000
- Sick individuals in S1 c_81 $4,000
- Sick individuals in S2 c_52 $15,000
- Dead individuals cD $0

- Additional costs of sick individuals treated in S1 or 32 c_trt $12,000
Utility weights

- Healthy individuals u_H 1.00

- Sick individuals in S1 u_S1 0.75

- Sick individuals in S2 u_S2 0.50

- Dead individuals uD 0.00
Intervention effect

- Utility for treated individuals in S1 u_trt 0.95

*Note: To caleulate the probability of dying from S1 and S2, use the hazard ratios provided. To do so, first
convert the probability of dying from healthy, p_HD, to a rate; then multiply this rate by the appropriate
hazard ratio; finally, convert this rate back to a probability. Recall that you can convert between rates and
probabilities using the following formulas: r = —log(1 — p) and p=1— el=™)

XDARTH BE &M & Y35IA

5.2 ZEREDH

1. EABRBEABBICOVWVT R TYLITETILEEET S,
CEAEBOOR— FOEFHREEZETOY T,
ABRBELELAERBOEBANMREHTET S,
HEROBHEITRTCORRESTCERADNRITOREERT 5,

A W N

5.3 X9 )7+
A2 74 JL : markov_sick-sicker solutions.Rmd
FTT—VRAR—ZANLEHBEDLEEFHIBKRLTH <,

rm(list = Is()) # clear memory (removes all the variables from the workspace)

5.4 Ny T—TDHEMAAH
LHEBICRELLDINYT—DETRODRY Y T MK YFRARD,
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{r, warning = F, message = F}

if ('require('pacman')) install.packages(‘pacman'); library(pacman) # use this
package to conveniently install other packages

# load (install if required) packages from CRAN

p_load("here", "dplyr", "devtools", "scales", "ellipse", "ggplot2", "lazyeval",
"igraph", "truncnorm", "ggraph", "reshape2", "knitr", "stringr", "diagram")

# load (install if required) packages from GitHub

# install_github("DARTH-git/dampack", force = TRUE) Uncomment if there is a
newer version

# install_github("DARTH-git/dectree", force = TRUE) Uncomment if there is a
newer version

p_load_gh("DARTH-git/dampack", "DARTH-git/dectree")

5.5 BE#HDHEAHAH
B¥IZhHL

5.6 NS A—SDBE
TEDORYYFTRIZEY ., REBEEBBANSA—ADEEEANEEZSRET S,

#ARITO—%

v_names_str <- c("No Treatment", "Treatment")

# ALSTO—DH

n_str <- length(v_names_str)

#TILATETILDINT A—4

Fi <- 25 # R—X 54 VBEDOEE

max_age <- 55 # 74+ 0—7 v JORKXEHR

n_t <- max_age - age # BfE#h. Y4 7 IILH

v_n <- c("H", "S1", "S2", "D") # ETILD 4 DDIKEE, BE(H). HR(S1).
# WA (S2). BEA(D)

n_states <- length(v_n) # BEKEDHK

# BRHER(TMAIILE)

p_HD <- 0.005 # B@EL L EITRLTT HHEE
p_HS1 <- 0.15 # BEL L EITRRAICHHHEE
p_S1H <- 0.5 # WRDE EITREICH ELHMEE
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p_S1S2 <- 0.105 # fmRICHo1=& &, KYUEITLI-RRAICHEHHESRE
hr S1 <- 3 # MAXRBEEDETCO/NYF— KL

hr_S2 <- 10 # WMARBEEDELTCO/N\HY— KL

r_HD <- log(1 - p_HD) # BE&EDELER

r S1D <- hr_S1 *r_HD # BR{OELER

r S2D <- hr_S2 *r_HD # #TL-HEIDETHR

p_S1D <- 1 - exp(-r_S1D) # AR DL LHEE

p_S2D <- 1 - exp(-r_S2D) # #TLI=RIDIELTHEE

# AR MEADARN

c_H <- 2000 # BELKREZ 1 YAV IIL#BFT 5D X b+
Cc_S1 <-4000 # WRDKET1HA I ILEFBITHDOIX+
c_S2 <- 15000 # #ETLI-RmRXKETHEY 14V I)ILDaX K
c_trt <- 12000 # BEEBE(1 Y1 VL HT=Y)
c_D<-0#BETKENDIR K
u_H<-1#@BFR4GEEDHRAE

u_S1 <-0.75 # WRD &L TDEAE

u_S2 <- 0.5 # ETLI-RRDOMAE

uD<-0# ECEHEOMRIE

u_trt <- 0.95 # JAEEZ (T TS L ETDOMAME

# E5 1R
d e<-d c<-0.03# aXr& QALYs MEIS|ZE(X 3% TRHE L,

# EEBIEdd cITEDVWT, EYMVILDARMIHT REEIDEAEFETET S,
v_dwc<-1/(1+d_e) ™ (0:n_t)

# BISIE d_e ITEDVWT, EHA VBT 5FNMDEEIEAEHET S,
v_dwe <-1/(1+d_c) » (0:n_t)

5.7 ”JILaATJ7ETILOAEERE
TEDRY Y T RTRILAITEAT IS LEERT 5,

m_P_diag <- matrix(0, nrow = n_states, ncol = n_states, dimnames = list(v_n,
v_n))

m_P_diag["H" , "S1"] =""

m_P_diag["H" , "D" ] =""

m_P_diag["H" , "H" ] =""
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m_P_diag["S1", "H" ] =""
m_P_diag["S1", "S2"] =""
m_P_diag["S1", "D" ] =""
m_P_diag["S1", "S1"] =""
m_P_diag["S2", "D" ] =""
m_P_diag["S2", "S2"] = ""
m_P_diag["D", "D" 1 =""
layout.fig <- ¢c(3, 1)

plotmat(t(m_P_diag), t(layout.fig), self.cex = 0.5, curve = 0, arr.pos = 0.7,
latex = T, arr.type = "curved", relsize = 0.9, box.prop = 0.8,
cex = 0.8, box.cex = 0.9, lwd = 1)

LtROHENERZR 5-7-1 [2RT,

E5-7-1. 2 )LaI2 584 F5S L

5.8 Tl &RY FILDER MR
5.8.1 a/k—kFFL—X
EREBIZHAHAR—FDEIEEZRTVILIT FL—RAD=-ODITHEERT B,

#EHALIL
m_M_notrt <- m_M_trt <- matrix(NA,
nrow = n_t + 1, ncol = n_states,
dimnames = list(paste("cycle", 0:n_t, sep =" "), v_n))
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head(m_M_notrt) # {THIDZRHD 6 TERTT %,

# ah— MIBERITIKENSIBED
m_M_notrt[1, ] <- m_M_trt[1, ] <-¢(1, 0, 0, 0) # A/k—k FL—RDRIIDHA
JIIVERBSE S,

5.8.2 BB HERITS
HARBICHT DBBERITIEERT 5,

m_P_notrt <- matrix(0,

nrow = n_states,

ncol = n_states,

dimnames = list(v_n, v_n)) # 75D 5| L 1TIZARTIZ T IT S
m_P_notrt

BRHERDTIICERERAT S,

# BERGTIREN D DRIT

m_P_notrt["H", "H" ] <- 1 - (p_HS1 + p_HD)
m_P_notrt["H", "S1" ] <- p_HS1
m_P_notrt["H", "D" ] <- p_HD

# WRDIRED D DFEAT

m_P_notrt["S1", "H" ] <- p_S1H
m_P_notrt["S1", "S1"] <-1 - (p_S1H + p_S1S2 + p_S1D)
m_P_notrt["S1", "S2"]Diz&E <- p_S1S2
m_P_notrt["S1", "D" ] <- p_S1D

# ET LR 5 DBAT

m_P_notrt["S2", "S2"] <- 1 - p_S2D
m_P_notrt["S2", "D" ] <- p_S2D

# from Dead

m_P_notrt["D", "D" ] <- 1

#ITDEFMN 1 THDHZ L #MHRT D
rowSums(m_P_notrt)

# EABELR LABRDEBRHRITIEERT S
m_P_trt <- m_P_notrt
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5.9 TILaATEFILOET

for (tin Lin_t){ # Y4 VLB ITIL—T &3
m_M_notrt[t + 1, ] <- t(m_M_notrt[t, ]) %*% m_P_notrt #< /L7 FL—R %
HELET,
#RDYA2IL(t + 1)D=®I
m_M_trt[t + 1, ] <- t(m_M_trt[t, 1) %*% m_P_trt # <)L FL—REHTET
%,
#RDYA2IL(t + 1)D=®I
Y#IL—TEHLS

head(m_M_notrt) # 75D RFD 6 TERTT 5,

ERORV ) T REETTSHE. Console ITTERAHATIN S,
H S1 S2 D
cycle 0 1.0000000 0.0000000 0.00000000 0.00000000
cycle 1 0.8450000 0.1500000 0.00000000 0.00500000
cycle 2 0.7890250 0.1837612 0.01575000 0.01146377
cycle 3 0.7586067 0.1881968 0.03427491 0.01892157
cycle 4 0.7351211 0.1853199 0.05235988 0.02719916
cycle 5 0.7138373 0.1807036 0.06925860 0.03620055

5.10 77 b H LDFHEERTE
5.10.1 a/k—k FL—2R

#T—ADOTOY FEERT S
matplot(m_M_notrt, type = 'I',
ylab = "Probability of state occupancy”,
xlab = "Cycle",
main = "Cohort Trace")
# T3 7IZRBIEEBNT B
legend("topright", v_n, col = 1:n_states, Ity = 1:n_states, bty = "n")

ESEDRY Y T EEFTTSHE, Console [2ak— kb FL—AMHEASIB(RE 5-10-1),
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Cohort Trace

1.0

51
52

0.8
|

0.6
|

Probability of state occupancy
04

Cycle

B 5-10-1-1. OKRk—r FL—X

5.10.2 £4£7%

# BABRDIZEDELERF (0S) HEXEFHET S
v_os_notrt <- 1 - m_M_notrt[, "D"].
# OS HEEDRBHESZE
v_o0s_notrt <- rowSums(m_M_notrt[, 1:3])
#0S Ry EELZTOY FEERT S
plot(0:n_t, v_os_notrt, type = "I,

ylim = c(0, 1),

ylab = "Survival probability",
xlab = "Cycle",
main = "Overall Survival")
# )y FEEMT S
grid(nx = n_t, ny = 10, col = "'lightgray", Ity = "dotted", Iwd =
par("lwd")).Grid(nx = n_t, ny = 10, col = "lightgray", Ity = "dotted", Iwd = "lwd"),

equilogs = TRUE)

FERORH )T EEFTITBHE. Console [TAEFRENEHESN S (K 5-10-2-1),
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Overall Survival

1.0

06

Survival probability
04

02
|

0.0
|

Cycle

K 5-10-2-1. £FahR

5.10.3 HifFERE

v_le <- sum(v_os_notrt) # OS DHEEDEFEIL (DFYFHFMm) ZH/FHLEZLD

HFAETET 26 F LTSN,

5.10.4 AHES

v_prev <- rowSums(m_M_notrt[, c("S1", "S2")]) / v_os_notrt
plot(v_prev,

ylim = c(0, 1),

ylab = "Prevalence",

xlab = "Cycle",

main = "Disease prevalence")

ESEDRY ) T REETFTITBHE, Console IZHFEADEBHEEAEASIND(R 5-
10-4-1),
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Disease prevalence

1.0

0.8
|

o000 000Q0

Prevalence
04

0.2
0

0.0
|
0

0 5 10 15 20 25 30

Cycle

X 5-10-4-1. HFEEDOEL

5.10.5 S1 {kEDEE

v_prop_S1 <- m_M_notrt[, "S1"] / v_prev
plot(0:n_t, v_prop_Sl1,
xlab = "Cycle",
ylab = "Proportion",
main = "Proportion of sick in S1 state",
col = "black", type ="I")
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Proportion of sick in S1 state

08 1.0

FProportion
0.6
|

04

0.2
|

Cycle

K 5-10-5-1. S1 KEDEENDEIL

5.11 EAXNMHROER
UBORY ) T TERAMRSTOBREEHTHENTES,

25

30

#WEBEHDIRX FETRAEFE DRI bL
v_u_notrt <- c(u_H, u_S1, u_S2, u_D)
v_u_trt <- c(u_H, u_trt, u_S2, u_D)

v_c_notrt <- c(c_H, c_S1, ¢c_S2, c_D)
v_c_trt <-c(c_H, c.S1 + c trt, c_S2 + c_trt, c_D)

#EBEDERE QALY DI
v_tu notrt <- m_M_notrt %*% v_u_notrt

v_tu_trt <-m_M_trt %*% v_u_trt

v_tc_notrt <- m_M_notrt %*% v_c_notrt

v_tc trt <-m_M_trt %*% v_c_trt

#EZHEOERE QALY OFY (ZI5])
tu_d_notrt <- t(v_tu_notrt) %*% v_dwe
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tu_d_trt <- t(v_tu_trt) %*% v_dwe

tc_d_notrt <- t(v_tc_notrt) %*% v_dwc
tc_d_trt <- t(v_tc_trt) %*% v_dwc

# RNy B—|ZHBINT B
v_tc_d <- c(tc_d_notrt, tc_d_trt)
v_tu_d <- c(tu_d_notrt, tu_d_trt)

# AR MEMRZERYSIN T2 TL—LA
df_ce <- data.frame(Strategy = v_names_str,
Cost =v_tc_d,
Effect = v_tu_d)
df _ce

FRERVVTEEERTTEHE. UTORENENESN D,
Strategy Cost Effect
No Treatment 75976.15 15.83885
Treatment 141623.03 16.40041

#ICER MEtE

df_cea <- calculate_icers(cost = df_ce$Cost,
effect = df_ce$Effect,
strategies = df_ce$Strategy)

df_cea

LERRVYTLEEFTITBHE. LTOHERAHEASHh S, ICER [3$116,901/QALY ¢&
HEtant-,

Strategy Cost Effect Inc_Cost Inc_Effect ICER Status
No 75976.15 15.83885 NA NA NA ND
Treatment

Treatment 141623 16.40041 65646.88 0.561558 116901.4 ND

#HETIOT 4 T OHEE
Iplot(df_cea, effect_units = "Quality of Life", xlim = c(15.6, 16.6))|
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K 5-11-1. ERAMETLEER

6. PartSA £k 3EF7 Y Fh LDHER

EIT-BEINMAVOERDESWICEVTHEA SIS Partitioned survival analysis
(PartSA) model % IZ 2 LV T.R T ® X ¥ X ¥ 1J 7 k("survival_3-
state_solutions.Rmd”) BN 3 %,

6.1 AEYDHEE
A7 74 JL : survival 3-state solutions.Rmd
FT TV RR—ZANLEHELEFOLERTEZHIBKRLTEL,

rm(list = Is()) # clear memory (removes all the variables from the workspace)

6.2 WEBNYT—ODFHEAAH

if ('require('pacman')) install.packages(‘pacman'); library(pacman) # use this
package to conveniently install other packages
# load (install if required) packages from CRAN
p_load("here", "dplyr", "devtools", "gems", "flexsurv", "survminer", "survHE",

"ggplot2", "msm", "igraph", "mstate"”, "reshape2", "knitr", "diagram")

6.3 HELEBDFRHAAH
BMRAH YT RZRFETATUL S "survival_functions.R"ZEEFD 7+ L FIZEEL
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THELRENRHD, TREODRI YT M&Y, BELGEARERAHAT,

source("survival_functions.R")

6.4 NS A —HDH/E
DPHDERDINGA—3FTFTET 5,

v_n <- c("healthy", "sick", "dead") # K&
n_s <- length(v_n) # KEEDHK

n_i <-5000 # ¥>TalL—>3 %
cl<-1/12# 940 1LDE= (1 #A)
n_t <- 30 # % (20 &)

times <- seq(0, n_t, c_|) # EBEZTHOEH
set.seed(2020) # >— F#EBET 5

RIS, IRTOBHERTL. BESEMFIT-BBRERITIEERT 5.

tmat <- matrix(NA, n_s, n_s, dimnames = list(v_n,v_n))
tmat["healthy", "sick"] <- 1

tmat["healthy", "dead"] <- 2

tmat["sick" , "dead"] <- 3

PartSA ETILOBEZERTY 5, HAEREIR 6-4-1 27T,

layout.fig <- c(2,1)

plotmat(t(tmat), t(layout.fig), self.cex = 0.5, curve = 0, arr.pos = 0.76,
latex = T, arr.type = "curved", relsize = 0.85, box.prop=0.8,
cex = 0.1, box.cex = 0.7, lwd = 1)

— sick

K 6-4-1. PartSA EFI/LDiEE
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6.5 £FHROEE

£9. 2EFHME(0S) L BEEBELEFHM(PFS)ICEAT AT — 2 24T 5. ZDFI
TlX. 550 5o OS & PFS [CEY S ffE(&RK 60 F) T B0 Y DHEDT - NERS
nd,

source("data.R")
head(true_data)
head(sim_data)
head(status)
head(OS_PFS_data)

AFHMRERET o

fit. KM <- survfit(Surv(time = 0OS_time, event = OS_status) ~ 1, data =
OS_PFS_data,

type ="fleming-harrington")
plot(fit_KM, mark.time = T)

LBRRVVT L EEFTTEHE. 0S OATF oA V—4FHENEE SN S(E 6-5-
1),

1.0

04

0.0
|

K 6-5-1. h 7S5 <A v—ih§R

BE. WTFORI YT LY, KYERLIWMERIARIRET H S (K 6-5-2),
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ggsurvplot(
fit_KM,
data = OS_PFS_data,
size =1, # BOKEEE2LEET S
palette = c("orange2"), # hRRALHhS5—/\Lvy b+
conf.int = TRUE, # {EEXM%EM3 3
pval = TRUE, # p fEZEMNT %
risk.table = TRUE, # YR T—TJIL&EMT 5.
risk.table.height = 0.25, # B8O I —ThHIHEEICEET 5 LEF,
ggtheme = theme_bw(), # ggplot2 DT—Y%LET %,
xlab = 'Time in days', # XEBDSRNILEZEET S
title = "Survival curve for Progression-Free Survival (PFS)",
subtitle = "Based on Kaplan-Meier estimates"

)
Survival curve for Progression-Free Survival (PFS)
Based on Kaplan-Meier estimates
Strata All
1.00
£
D075
W
=
2
&.0.50 1
™
=
£ 025
w
0.001___ ! ! ! ! !
0 1 2 3 4 5
Time in days
Number at risk
i
z 1 550 497 411 330 260 200
w T T T T T T
0 1 2 2 4 5
Time in days

B 6-5-2. h 75274 v—HhiR

6.6 ParSA £5)L
flexsurv B &Y Timetoevent T—R [TEED/NT A MY v BB EHTITH B Z
ENTES, UTIEOSIZHT B4 TILEABEDHTIEHDH ZRI (K 6-6-1),

fit_weib <- flexsurvreg(Surv(time = OS_time, event = OS_status) ~ 1, data =
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OS_PFS_data, dist = "weibull")
plot(fit_weib)

08 1.0

08

04

0.2

0o

B 6-6-1. OS I T 574 TILEABD HTILSH

—f%IZ PartSA Tlk. OS. PFSOT—4 I3t L TIEZERMIZHAWLONBZ/INTA M) Y I E
TILEHTIESH, AIC/BIC #HHL., XL BEEEOEVWEDERIX FH—TDEHELT
BEBIRT S, TIRTOA—TZEREHOELERIIR 6-6-2, 6-6-3 D &S ICHASIN D,

fit_PFS <- fit.fun(time = "PFS_time", status = "PFS_status", data =
OS_PFS_data,

times = times, extrapolate = T)
fit_OS <- fit.fun(time = "OS_time", status
OS_PFS_data,

times = times, extrapolate = T)

"OS_status" , data

best PFS <- fit_ PFS[["Weibull"]]
best OS <- fit_OS [["Weibull"]]

HTIEHI=h—T%EH &I PartSA ETIVEREET D, CZTIEI7A4 TILEHEHTIE
DB EDRBREFHLE A IN— Yy TOEEANA mM_M_PSM 2SN D,

m_M_PSM <- partsurv(best_PFS, best_QOS, time = times)$trace
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[2DWTEBNT D, 4. flexsurv BEIE, 74 FEKXTEAC OV I BERDT—2 %0
BLg B8, mstate N\ sr—CEFRLTT—2EEHT S,

data_long <- msprep(time = sim_data, status = status, trans = tmat )
data_long$trans <- as.factor(data_long$trans) # trans #RFIZZE#T 5,

data_long$from <- case_when(data_long$from == 1 ~ "healthy",
data_long$from == 2 ~ "sick",
data_long$from == 3 ~ "dead")

data_long$to <- case_when(data_long$to == 1 ~ "healthy",
data_long$to == 2 ~ "sick",
data_long$to == 3 ~ "dead")

ETONTAR)YIZBREETILZRBICT—2IZT7 4w b&H. AIC/BIC Z##iHT
%, BE. AIC ’RLEBEVELEDERRMA—TELLTERT S, CCTRHRAYVADR T«
VOBBERRLESEMITRENATNS, RV YT FOHEAIRERER 6-7-1 ITRY,

fits <- fit.mstate(time ="time", status = "status", trans, data = data_long,
times = times, extrapolate =T )
best.fit <- fits[["Loglogistic"]]
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04

Survival Probability

Time
K 6-7-1. N A M)y OBEBDOHTIEH

FIZT4 9 FLEZKREETILNOHBARNY T2 L—2 3 2 (DES: Discrete
Event Simulation)ETILZ#EET S, CCTREHAOTASR T4 v VBB ERWESEAN
BIRENTWND, AU YT E2ETT5E. DES ETUVICEDKBHHMGA D NA—y T
MDZEIEH m_M_DES IZ##sh b,

DES_data <- sim.fmsm(best.fit, start = 1, t = n_years, trans = tmat, M = n_li)
m_M_DES <- trace.DES(DES_data, n_i = n_i, times = times, tmat = tmat)

6.8 SREETIL(2)

ZIREETILIEZ. BEBRIZCHLTHIILENSASA M) yHBEAMEHTIZHEIENTE
%o

9. BEBOY Ty FEERT S

data_HS <- subset(data_long, trans == 1)
data_HD <- subset(data_long, trans == 2)
data_SD <- subset(data_long, trans == 3)

RIZ, BEBICHLTHILEETLZHTIESH., RHLEW AIC ZHDOLDEERT S,

fit_HS <- fit.fun(time = "time", status = "status", data = data_HS, times = times,
extrapolate = T)
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fit HD <- fit.fun(time = "time", status = "status", data = data_HD, times =
times,
extrapolate = T)
fit_SD <- fit.fun(time = "time", status = "status", data = data_SD, times = times,
extrapolate = T)

best.fit_HS <- fit_HS[["Gamma"]]
best.fit HD <- fit_ HD[["Weibull"]]
best.fit_SD <- fit_SD[["Lognormal"]]

LR YT +E2EITTHE. Console [THANKRTEINS(K 6-8-1~6-8-3),
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Talb—YavERAVEEGE, SEENSCLEN., ETYCITOBEBHERELL LS4

37

065



VDB, YAV AVIaAL—Y 3 VERITITIHLOICK, BAREAY OBBHER
ARLETHSD
UTTI, Y. RELGNATA MY v B BHERZMHMET D,

p_HS <- flexsurvreg_prob(object = best.fit_HS, times = times)
p_HD <- flexsurvreg_prob(object = best.fit HD, times = times)
p_SD <- flexsurvreg_prob(object = best.fit_SD, times = times)

REaR— FEEFEEDN "BE" KENALRE— T HERET D,

v_M_init <- rep("healthy", times = n_i)
v_Ts_init <- rep(0, n_i) # ETIIFBRFICHEI THo-BEZRTIAI LML

UTE, 1MLV EDBBREREZERT SERTH D,

Probs <- function(M_t, v_Ts, t){.
# 518
#M_t:t YA VLB ORBEIRE(XFREH)
#v_Ts: WRITHHHMERT Y ML
#tBEDYIIIL
#BRY{E
# ZTDHAOIDOEBEBHERE

# REBRHEEDITHINEIERT S
m_p_t <- matrix(0, nrow = n_s, ncol = n_i)
# KEORHZTICHET S

rownames(m_p_t) <-v_n

#m_p_t =EULHEETEHT S,
# BRERFOEBRHESE
m_p_t[, M_t == "healthy"] <- rbind(1 - p_HD[t] - p_HS[t], p_HS[t], p_HD[t])
# WRDEETDEBHER
m_p_t[, M_t == "sick"] <-rbind(0, 1 - p_SD[v_Ts], p_SD[v_Ts])
# RTROEBRHER
m_p_t[, M_t == "dead"] <-rbind(0, 0, 1)
return(t(m_p_t))
b
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LUTFTORZYYTRT, 94920232 L—2a3VvEETT 5, HMEOBERL.
m_M_Micro IS h 5,

MicroSim <- function(n_i, seed = 1) {...
# 518
# n_i: A%
# seed: T4 FIE L

set.seed(seed) # >— F#H%XET S

# m_M(E, EEEOEEEBICHE S BERKEBEREEMNT L-OIZERASIND
times <- seq(0, n_t, c_|) # FHETREYA1 I

m_M <- matrix(nrow = n_i, ncol = length(times) ,
dimnames = list(paste("ind" , 1:n_i, sep =" "),
paste("year", times, sep =" ")))

m_M[, 1] <- v_M_init # BN | DERREDWHEAE
v_Ts <- v_Ts_init # A i DFEFEHI - DOZBEREZDHLET S,

#1lhon tEFECORAHTIL—TEET

for (tin 1:(length(times)-1)) { { { { { { (tin 1:(length(times)-1))
#BERKEBLICEDE, Y1V IILDOEBHELHET S,
m_p <- Probs(m_M[, t], v_Ts, t)
# HEOREKREZY T TL, TOKREZETH m_M [THRHLET.
m_M[, t + 1] <- samplev(m_p, 1)

# REHNODFEZE L+ 1 ETEHTS
v_Ts <- ifelse(m_M[, t + 1] == "sick", v_Ts + 1, 0)

# 32— 2arvDEBKRRERTT D

if(t %in% seq(1,(length(times)),10)) { # 10% & IEH ERTT S
cat("\r', paste(round(t/length(times)*100,0), "% done", sep = ""))

} else if (t == (length(times)-1)) {cat('\r', paste("100% done"))},

# BA LKA MZIHTBIL—TE#FHALS
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#2aL—2a3VDBERE) X MIEMT S,
results <- list((m_M = m_M)

return(results) # #ER%IRT

} # MicroSim BA##& T

#2aL—2arvETILOET
Micro_data <- MicroSim(n_i, seed = 1)

#4902 3aL—Yar FL—RADERK
m_M_Micro <- t(apply(Micro_datasm_M, 2, function(x) table(factor(x, levels =
v_n,
ordered = TRUE))
m_M_Micro <- m_M_Micro / n_i # BABDLLEZHET S
colnames(m_M_Micro) <- v_n
rownames(m_M_Micro) <- paste("Cycle", times, sep =" ")

6.9 BRDISMEEDLLE
LUTTIE, CNETOETOHEZELRT S,

#ET—FICHTEHNL—REHET S
m_M_data <- transitionProbabilities(generate$cohort, times

times)@probabilities

# B\REMICINRTOAY Y FELRT D

matplot(times,m_M_data, type='l', Ity = 1, col = 1, ylab= "proportion of cohort",
xlab = "Time",
main = "Trace comparisons",xlim=c(0,25))
matlines(times, m_M_DES, col =2, Ity = 1)
3, Ity = 1)
matlines(times, m_M_PSM, col =4, Ity = 1)
legend("right", c("True Data", "DES","Microsim", "PSM"),
col = 1:4, Ity = rep(1,4), bty= "n")

matlines(times, m_M_Micro, col
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7. S ZIc

ME, EERFIMEOETY VJICEVT R OFAEHRETIBEAAONE, EHOD
AEITIL—THR RIZCEDZETILEEDORY ) T RO r—D 0%, AFTEHELEBIC.
T—9 23y EQHBFFTBIERASIA TS, BEHATIEEREMTMO TOoEXIC
BLWT RA—RDETILHAIMY b f-EHIFHERINTULEL, LMALEGAS, R R—
ADETIVEREDI IV LILR—XIZL LT, HFENERLEREOATEA TSI EH
5. FEMIZR OFANELZLELEAOND, 5. BROEAXNMRIFEICEAT 5%
B - HARICHLTEH, DARTHHO R In HTANRET 52X 0 ) T FER—X(Z, EEMEH
BHSEZRMHIDZIIENEREEZ DT,
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