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[bookmark: _Toc420670335]Figure S1. PRISMA flow diagram for the identification of isoniazid popPK studies.
Abbreviation: PRISMA Preferred Reporting Items for Systematic Reviews and Meta-analysis.
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[bookmark: _Toc690154421]Table S1. Checklist of information to be included when reporting a clinical pharmacokinetic study.

	Study Items
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	[bookmark: OLE_LINK1]Title/abstract
	Drug and patient population
	1
	0.5
	0.5
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Name of the drug(s) studied
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Population studied
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Primary objective
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Major findings
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Background
	Pharmacokinetic data
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Study rationale
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Specific objectives/hypotheses
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Methods
	Eligibility criteria
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Ethic requirement
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Administration strategy
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Covariates
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Sampling schedule
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Bioanalytical methods
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Missing data handling
	1
	1
	0
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	0

	
	Modeling software
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Statistical methods and software
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Candidate structural models
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Residual error structure
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Base model determination and evaluation
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Covariates analysis strategy
	0
	1
	0
	1
	1
	1
	1
	0.5
	1
	1
	1
	1
	1
	0.5

	
	Final model evaluation
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Distribution of individual model parameters
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Estimation method(s) used
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Results
	Population characteristic
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Number of subjects and observations
	1
	1
	1
	1
	1
	0.5
	1
	1
	1
	1
	1
	1
	1
	1

	
	Schematic of the final model
	0
	0
	0
	0
	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	
	Table of the final model parameters
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Final model evaluation plots
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1

	
	Summary of the model-building process and the derived final model
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Plot of concentrations vs. time
	1
	1
	0
	1
	0
	0.5
	1
	0
	1
	1
	1
	1
	1
	1

	Discussion/conclusion
	Study limitations
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	
	Study findings
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Overall
	Mean: 93.5
	93.9 
	95.5 
	86.4 
	93.9 
	97.0 
	93.9 
	93.9 
	95.5 
	93.9 
	90.9 
	93.9 
	93.9 
	93.9 
	92.4 


Note: Study1 to 14 [Soedarsono S. (2022)28, Horita Y. (2018)29, Denti P. (2022)30, Jing W. (2020)31, Panjasawatwong N. (2020)32, Chen B. (2022)33, Huerta-García AP. (2020)34, Abdelwahab MT. (2020)35, Wilkins JJ. (2011)13, McCallum AD. (2021)36, Gao Y. (2021)37, Sundell J. (2020)38, Cho Y. S. (2021)39, Naidoo A. (2019)40]. 1: Mentioned; 0.5: Not clear; 0: Not mentioned.
[bookmark: _Toc866176300]Table S2. List of tested and significant covariates in the model.

	Study
(publication year)
	Tested covariates
	Covariate selection criteria
	Significant covariates

	
	Demographic
	Laboratory tests
	Others
	Forward inclusion
	backward elimination
	CL
	Vc
	Q
	Vp

	Soedarsono S. 
(2022)28
	Age, BW
	AST, ALT, Albumin, TBIL
	Food status, Diabetes mellitus status, HIV status, NAT2 phenotype, Concomitant drugs
	NR
	NR
	BW, NAT2 phenotype
	BW
	NR
	NR

	Horita Y. 
(2018)29
	Age, BW, Sex
	eGFR
	HIV status, NAT2 phenotype
	P<0.1
	P<0.05
	BW, NAT2 phenotype
	BW
	BW, NAT2 phenotype
	BW

	Denti P. 
(2022)30
	BW, PMA, FFM, Height, Sex
	NR
	NAT2 phenotype, HIV status, Concomitant drugs, Administration method
	NR
	NR
	BW, NAT2 phenotype, PMA
	BW
	BW
	BW

	Jing W. 
(2020)31
	BW, Height, Sex
	CrCL, BUN, ALP, ALT, AST
	NAT2 phenotype
	P<0.05
	P<0.01
	BW, NAT2 phenotype
	NR
	NR
	NR

	Panjasawatwong N. 
(2020)32
	BW, PMA, Sex
	Renal and Liver function
	NAT2 phenotype, Disease severity, Type TB, Smoking status, Alcoholism status, Diabetes mellitus status, Arterial hypertension status, Concomitant drugs
	P<0.05
	P<0.01
	BW, NAT2 phenotype, PMA
	BW
	BW
	BW

	Chen B. 
(2022)33
	Age, BW, Sex
	CrCL, ASP, AST, BUN, TBIL
	NAT2 phenotype
	P<0.01
	P<0.001
	NAT2 phenotype
	NR
	NR
	NR

	Huerta-García AP. (2020)34
	Age, Sex, BW, BMI
	NR
	NAT2 phenotype, Type TB, Smoking Status, Alcoholism status, Diabetes mellitus status, Arterial hypertension status, Concomitant drugs
	P<0.05
	P<0.01
	NAT2 phenotype
	BMI
	NR
	NR

	Abdelwahab MT. 
(2020)35
	Pregnancy status, Age, BW, FFM
	NR
	NAT2 phenotype, Concomitant drugs
	P<0.05
	NR
	BW, NAT2 phenotype
	BW
	BW
	BW

	Wilkins JJ. 
(2011)13
	Age, BW, Sex, Ethnicity, BMI
	NR
	NAT2 phenotype, HIV status, Concomitant drugs
	P<0.05
	P<0.001
	BW, NAT2 phenotype, HIV status
	BW, Sex
	BW
	BW

	McCallum A. D.
(2021)36
	Age, BW, BMI, Sex
	CrCL
	HIV status, Concomitant drugs, Adherence
	P<0.05
	P<0.01
	BW
	NR
	NR
	NR

	Gao Y. (2021)37
	Age, Sex, Height, BW, BMI
	CRP, FBG, BUN, UA, CREA, liver function (TBIL, ALT, AST, ALP, ALB)
	Diabetes mellitus status, Smoking status, Alcohol consumption, drug formulation, NAT2 phenotype
	P<0.05
	P>0.01
	BW, NAT2 phenotype
	NA
	NA
	NA

	Sundell J. (2020)38
	Age, BW, Sex
	CREA, ALT, AST, CD4+ count
	NAT2 phenotype, Concomitant drugs, CYP1A2, CYP2A6, CYP2B6, CYP3A4, CYP3A5
	P<0.05
	P>0.001
	BW, NAT2 phenotype
	BW
	BW
	BW

	Cho Y. S. (2021)39
	Age, BW, Height, Sex, FFM
	ALB, TBIL
	Food status, Diabetes mellitus status, Administration method, NAT2 phenotype
	P<0.01
	P>0.005
	FFM
	FFM
	NA
	NA

	Naidoo A. (2019)40
	Age, Sex, BW, FFM, BMI, Ethnicity
	CD4+ count
	HIV status, NAT2 phenotype, Concomitant drugs
	P<0.05
	NR
	FFM
	FFM
	FFM
	FFM


[bookmark: _Hlk157091459]Abbreviations: CL: apparent clearance (L/h); Q: the interconpartment clearance; Vc: the apparent central compartment distribution volumes (L); Vp: the apparent peripheral compartment distribution volumes (L); TBIL: total bilirubin, ALT: Alanine aminotransferase, AST: aspartate aminotransferase, eGFR: glomerular filtration rate, ALP: alkaline phosphatase, BUN: urea nitrogen, CrCL: creatinine clearance, CRP: C-reactive protein, CD4+ count: T-cell count, UA: uric acid, BMI: body mass index, BW: body weight, FFM: fat-free mass, FBG: fasting blood glucose, PMA: postmenstrual age, NAT2: N-acetyltransferase 2, CYP:Cytochrome P450 , NR: not report, NA: Not available.

[bookmark: _Toc33431087]Supplementary Material 1: R Codes of Isoniazid PopPK Model Repository

# Aim: Establish a model repository of parametric popPK models for Isoniazid using RxODE
# Author: Gehang Ju
# Email: 218101055@csu.edu.cn
# Tips: Change parameters of vitrual patients to simulate
# Reference Packages:
##RxODE: https://nlmixrdevelopment.github.io/RxODE/

#setwd and library R packages------------
rm(list=ls())
#set working directory to current folder
curr.dir<-dirname(rstudioapi::getActiveDocumentContext()$path)
setwd(curr.dir)

# load R packages
library(tidyverse) # for data visualisation and manipulation
library(RxODE)     # for simulation
library(cowplot)   # for combine figures
library(ggplot2)
library(ggpubr)
library(dplyr)

#create fold for figure output
output_dir <- "simPK"
if (!file.exists(output_dir)) {dir.create (output_dir)}

# 1.##Soedarsono S. (2022)##---------------
# Define model-----------------
# CL   = 17.7 × (1+NAT2)*(BW/50)^0.75 (L/h)
# V    = 40.5 (L)*(BW/50)
# Ka   = 0.25 (h-1)
# BSV (CV%): CL = 82.5%
# add.err = 0.174 mg/L
# NAT2: SA(0), IA(1.14), RA(2.16)
# Typical patient1: NAT2_SA
# Typical patient2: NAT2_IA
# Typical patient3: NAT2_RA
# Dose: oral 300
# Body weight: 60kg

set.seed(83001)
rxSetSeed(83001)

mod1 <- RxODE({
  CL = TVCL * exp(eta.CL)
  V  = TVV
  KA = TVKA
  
  C1 = centr/V
  d/dt(depot) = -KA * depot
  d/dt(centr) =  KA * depot - CL * C1
  
  cp = C1 + add.err.sd
})

# Note: prop.err model:
# cp = C2 * (1+prop.err.sd)
# combined error model: prop + add
# cp = C2 * (1+prop.err.sd) + add.err
# exponential error model:
# cp = C2 * exp(expo.err.sd)
# add.err.sd model:
# cp = C2 + add.err.sd

#NAT2_SA_300mg-----------------------
#Define typical patient: NAT2_SA
NAT2 <- 0  # 0~SA
BW   <- 60 #kg

#Define fixed effect parameters
theta <- c (
  TVCL = 17.7 * (1+NAT2) * (BW/50)^0.75,
  TVV  = 40.5 * (BW/50),
  TVKA = 0.25 )

#Define between subject variability
omega <- lotri(eta.CL ~ 0.825^2)

#Define unexplained variability
sigma <- lotri(add.err.sd ~ 0.174)

#Dose of Oral input qd--------------------
dose_300_qd <- 300 #300mg/d

#Define event record
ev1 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.2))

#Perform simulation
#Total number of subject: 1000
sim1 <- rxSolve(mod1, theta, ev1, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pksa_300qd <- sim1 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 
#make the margin smooth by lowess
l0.1 <- lowess(pksa_300qd$tald, pksa_300qd$lowconc, f=0.11)
l0.5 <- lowess(pksa_300qd$tald, pksa_300qd$medconc, f=0.11)
l0.9 <- lowess(pksa_300qd$tald, pksa_300qd$highconc, f=0.11)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

qdsa300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat1 <- qdsa300_dat %>%
  mutate(
    Study = "Soedarsono S. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA")

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Soedarsono S. (2022)")

# concentration
pl1 <- qdsa300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(linewidth=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study1. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.01,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.01,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/1.Soedarsono2022_SA300.jpg"), 
     width=5000, height=4500, res=300)
print(pl1)
dev.off()

#NAT2_IA_300mg------------------------------------
#Define typical patient: NAT2_IA
NAT2 <- 1.14 # 0~IA

#Define fixed effect parameters
theta <- c (
  TVCL = 17.7 * (1+NAT2) * (BW/50)^0.75,
  TVV  = 40.5 * (BW/50),
  TVKA = 0.25 )

#Perform simulation
#Total number of subject: 1000
sim2 <- rxSolve(mod1, theta, ev1, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkia_300qd <- sim2 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkia_300qd$tald, pkia_300qd$lowconc, f=0.11)
l0.5 <- lowess(pkia_300qd$tald, pkia_300qd$medconc, f=0.11)
l0.9 <- lowess(pkia_300qd$tald, pkia_300qd$highconc, f=0.11)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

qdia300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat2 <- qdia300_dat %>%
  mutate(
    Study = "Soedarsono S. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Soedarsono S. (2022)")

# concentration
pl2 <- qdia300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study1. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/1.Soedarsono2022_IA300.jpg"), 
     width=5000, height=4500, res=300)
print(pl2)
dev.off()

#NAT2_RA_300mg------------------------------------
#Define typical patient: NAT2_IA
NAT2 <- 2.16 # 0~IA

#Define fixed effect parameters
theta <- c (
  TVCL = 17.7 * (1+NAT2) * (BW/50)^0.75,
  TVV  = 40.5 * (BW/50),
  TVKA = 0.25 )

#Perform simulation
#Total number of subject: 1000
sim3 <- rxSolve(mod1, theta, ev1, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkra_300qd <- sim3 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkra_300qd$tald, pkra_300qd$lowconc, f=0.11)
l0.5 <- lowess(pkra_300qd$tald, pkra_300qd$medconc, f=0.11)
l0.9 <- lowess(pkra_300qd$tald, pkra_300qd$highconc, f=0.11)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

qdra300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat3 <- qdra300_dat %>%
  mutate(
    Study = "Soedarsono S. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA" )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Soedarsono S. (2022)")

# concentration
pl3 <- qdra300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study1. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/1.Soedarsono2022_RA300.jpg"), 
     width=5000, height=4500, res=300)
print(pl3)
dev.off()

# 2.##Horita Y. (2018)##Children#----------
# Define model ----------------
# CL   = 8.08 * (BW/14.3) ^ 0.75 (L/h) ; for NAT2_RA & IA
# CL   = 4.44 * (BW/14.3) ^ 0.75 (L/h) ; for NAT2_SA
# V2   = 16.6 * (BW/14.3) ^ 1.0 (L)
# Q    = 8.46 * (BW/14.3) ^ 0.75(L/h)
# V3   = 1.07 * (BW/14.3) ^ 1.0 (L)
# Ka   = 4.23 (h-1)
# BSV (CV%): CL = 48.0% ; for NAT2_RA & IA (CLnon_slow)
# BSV (CV%): CL = 32.4% ; for NAT2_SA (CLslow)
# BSV (CV%): V2 = 24.1%
# BSV (CV%): Q  = 63.7%
# BSV (CV%): V3 = 190%
# BSV (CV%): KA = 56.7%
# add.err.sd    = 0.134 mg/L
# prop.err.sd   = 29.2%
# Typical patient1: CLslow & 150mg & 14kg
# Typical patient3: CLnon_slow & 150mg & 14kg
# Dose: oral 300, 600mg

set.seed(90101)
rxSetSeed(90101)


mod2 <- RxODE({
  CL = TVCL * exp(eta.CL);
  V2 = TVV2 * exp(eta.V2);
  Q  = TVQ  * exp(eta.Q );
  V3 = TVV3 * exp(eta.V3);
  KA = TVKA * exp(eta.KA);
  
  C2 = centr/V2;
  C3 = peri/V3 ;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
  cp = C2 * (1+prop.err.sd) + add.err.sd
})

#CLslow & 150mg & 14kg----------
BW <- 14 #kg

#Define fixed effect parameters
theta <- c(TVCL=4.44 * (BW/14.3)^0.75, 
           TVV2=16.6 * (BW/14.3), 
           TVQ =8.46 * (BW/14.3)^0.75, 
           TVV3=1.07 * (BW/14.3), 
           TVKA=4.23)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.324^2,
               eta.V2 ~ 0.241^2,
               eta.Q  ~ 0.637^2,
               eta.V3 ~ 1.90 ^2,
               eta.KA ~ 0.567^2)

#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.0393,
               prop.err.sd ~ 0.193)

#Dose of Oral input qd--------------------
dose_150_qd <- 150 #150mg/d

#Define event record
ev2 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_150_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.05))

#Perform simulation
#Total number of subject: 1000
sim4 <- rxSolve(mod2, theta, ev2, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkslow_14qd <- sim4 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkslow_14qd$tald, pkslow_14qd$lowconc, f=0.025)
l0.5 <- lowess(pkslow_14qd$tald, pkslow_14qd$medconc, f=0.025)
l0.9 <- lowess(pkslow_14qd$tald, pkslow_14qd$highconc, f=0.025)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

qds150_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat4 <- qds150_dat %>%
  mutate(
    Study = "Horita Y. (2018)",
    drug  = "Isoniazid",
    pop   = "NAT2_slow"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Horita Y. (2018)")

# concentration
pl4 <- qds150_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study2. SA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/2.Horita2018_SA150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl4)
dev.off()


#CLnon_slow & 150mg & 14kg----------
BW <- 14 #kg

#Define fixed effect parameters
theta <- c(TVCL=8.08 * (BW/14.3)^0.75, 
           TVV2=16.6 * (BW/14.3), 
           TVQ =8.46 * (BW/14.3)^0.75, 
           TVV3=1.07 * (BW/14.3), 
           TVKA=4.23)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.48 ^2,
               eta.V2 ~ 0.241^2,
               eta.Q  ~ 0.637^2,
               eta.V3 ~ 1.90 ^2,
               eta.KA ~ 0.567^2)

#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.0393,
               prop.err.sd ~ 0.193)

#Perform simulation
#Total number of subject: 1000
sim5 <- rxSolve(mod2, theta, ev2, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pknonslow_14qd <- sim5 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pknonslow_14qd$tald, pknonslow_14qd$lowconc, f=0.02)
l0.5 <- lowess(pknonslow_14qd$tald, pknonslow_14qd$medconc, f=0.02)
l0.9 <- lowess(pknonslow_14qd$tald, pknonslow_14qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

qdns150_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat5 <- qdns150_dat %>%
  mutate(
    Study = "Horita Y. (2018)",
    drug  = "Isoniazid",
    pop   = "NAT2_nonslow"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Horita Y. (2018)")

# concentration
pl5 <- qdns150_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study2. nonSA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/2.Horita2018_ns150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl5)
dev.off()


# 3.## Denti P. (2021)## Children# -----------------
# Define model ----------
# CL        = 3.0 * (1 + NAT2) * (BW/Mean)^0.75 * PMA^gama /(PMA^gama + PMA50^gama) (L/h)
# PMA50     = 0.829 (years)
# gamma     = 3.35
# V2        = 10.5 * (BW/Mean)^1  (L)
# Q         = 0.364 * (BW/Mean)^0.75 (L/h)
# V3        = 3.04 * (BW/Mean)^1 (L)
# F         = 1                                        WHEN AGE >= AGEfull_F
# F         = Fbirth + (1 - Fbirth) * AGE / AGEfull_F  WHEN AGE <  AGEfull_F
# Fbirth    = 0.74
# AGEfull_F = 1.63
# Ka        = 2.83 (h-1)
# Tlag      = 0.123 (h)
# BSV (CV%):  CL   = 30.8%
# BOV (CV%):  F    = 31.1%
# BOV (CV%):  Tlag = 132 %
# BOV (CV%):  KA   = 48.7%
# add.err.sd    = 0.061 mg/L
# prop.err.sd   = 8.19  %
# NAT2: SA(0), IA(0.55), RA(0.967)
# Typical patient1: NAT2_SA 2years(PMA~2.75)
# Typical patient2: NAT2_IA 2years(PMA~2.75)
# Typical patient3: NAT2_RA 2years(PMA~2.75)
# Dose: oral 150mg qd

set.seed(90201)
rxSetSeed(90201)


mod3 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  PMA50     = TVPMA50;
  gamma     = TVgamma;
  V2        = TVV2;
  Q         = TVQ
  V3        = TVV3;
  KA        = TVKA * exp(iov.KA);
  F1        = TVF1 * exp(iov.F1);
  Fbirth    = TVFbirth;
  AGEfull_F = TVAGEfull_F;
  ## Added modeled F, DUR and Rate
  alagDepot = TVTLAG * exp(iov.TLAG);
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
  alag(depot) = alagDepot
  d/dt(centr) = F1 * KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
  cp = C2 * (1+prop.err.sd) + add.err.sd
})

#NAT2_SA 14kg & 150mg----------
NAT2 <- 0   ; #RA=0
AGE  <- 2.0 ; #AGE = 2yrs
PMA  <- 2.75; #PMA = gestational age (39weeks~0.75year) + chronological age
BW   <- 14

#Define fixed effect parameters
theta <- c(TVCL        = 3.0 * (1 + NAT2) * (BW/9)^0.75 * PMA^3.35 / (PMA^3.35+0.829^3.35), 
           TVPMA50     = 0.829,
           TVgamma     = 3.35,
           TVV2        = 16.5 * (BW/9)^1, 
           TVQ         = 18.4 * (BW/9)^0.75, 
           TVV3        = 36.8 * (BW/9)^1,
           TVF1        = 1, #Define as children’s age
           #TVF1        = 0.74 + (1 - 0.74) * AGE / 1.63,
           TVFbirth    = 0.74,
           TVAGEfull_F = 1.63,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
           TVDUR       = 0.47)

# Define between subject variability
omega <- lotri(eta.CL   ~ 0.308^2,
               iov.KA   ~ 0.487^2,
               iov.F1   ~ 0.311^2,
               iov.TLAG ~ 1.32 ^2)

#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.0610,
               prop.err.sd ~ 0.0819)

#Dose of Oral input qd--------------------
dose_150_qd <- 150 #150mg/d

#Define event record
ev3 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_150_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

#Perform simulation
#Total number of subject: 1000
sim6 <- rxSolve(mod3, theta, ev3, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkSA_qd <- sim6 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_qd$tald, pkSA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkSA_qd$tald, pkSA_qd$medconc, f=0.02)
l0.9 <- lowess(pkSA_qd$tald, pkSA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkSA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat6 <- pkSA_dat %>%
  mutate(
    Study = "Denti P. (2021)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Denti P. (2021)")

# concentration
pl6 <- pkSA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study3. SA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/3.Denti2021_SA150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl6)
dev.off()

#NAT2_IA 14kg & 150mg----------
NAT2 <- 0.55   ; #IA=0.55
AGE  <- 2.0 ; #AGE = 2yrs
PMA  <- 2.75; #PMA = gestational age (39weeks~0.75year) + chronological age
BW   <- 14

#Define fixed effect parameters
theta <- c(TVCL        = 3.0 * (1 + NAT2) * (BW/10.9)^0.75 * PMA^3.35 / (PMA^3.35+0.829^3.35), 
           TVPMA50     = 0.829,
           TVgamma     = 3.35,
           TVV2        = 16.5 * (BW/9)^1, 
           TVQ         = 18.4 * (BW/9)^0.75, 
           TVV3        = 36.8 * (BW/9)^1,
           TVF1        = 1,
           #TVF1        = 0.74 + (1 - 0.74) * AGE / 1.63,
           TVFbirth    = 0.74,
           TVAGEfull_F = 1.63,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
           TVDUR       = 0.47)

#Perform simulation
#Total number of subject: 1000
sim7 <- rxSolve(mod3, theta, ev3, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkIA_qd <- sim7 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkIA_qd$tald, pkIA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkIA_qd$tald, pkIA_qd$medconc, f=0.02)
l0.9 <- lowess(pkIA_qd$tald, pkIA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkIA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat7 <- pkIA_dat %>%
  mutate(
    Study = "Denti P. (2021)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Denti P. (2021)")

# concentration
pl7 <- pkIA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study3. IA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/3.Denti2021_IA150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl7)
dev.off()

#NAT2_RA 14kg & 150mg----------
NAT2 <- 0.967   ; #RA=0.967
AGE  <- 2.0 ; #AGE = 2yrs
PMA  <- 2.75; #PMA = gestational age (39weeks~0.75year) + chronological age
BW   <- 14

#Define fixed effect parameters
theta <- c(TVCL        = 3.0 * (1 + NAT2) * (BW/10.9)^0.75 * PMA^3.35 / (PMA^3.35+0.829^3.35), 
           TVPMA50     = 0.829,
           TVgamma     = 3.35,
           TVV2        = 16.5 * (BW/9)^1, 
           TVQ         = 18.4 * (BW/9)^0.75, 
           TVV3        = 36.8 * (BW/9)^1,
           TVF1        = 1,
           #TVF1        = 0.74 + (1 - 0.74) * AGE / 1.63,
           TVFbirth    = 0.74,
           TVAGEfull_F = 1.63,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
           TVDUR       = 0.47)

#Perform simulation
#Total number of subject: 1000
sim8 <- rxSolve(mod3, theta, ev3, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkRA_qd <- sim8 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkRA_qd$tald, pkRA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkRA_qd$tald, pkRA_qd$medconc, f=0.02)
l0.9 <- lowess(pkRA_qd$tald, pkRA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkRA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat8 <- pkRA_dat %>%
  mutate(
    Study = "Denti P. (2021)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Denti P. (2021)")

# concentration
pl8 <- pkRA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study3. RA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/3.Denti2021_RA150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl8)
dev.off()

# 4.## Jing W. (2020)## Chinese-------------
# Define model ---------------
# CL  = 31.4 * (BW/58)^0.930 * NAT2 (L/h)
# V2  = 21.1  (L)
# Q   = 43.7  (L/h)
# V3  = 27.7  (L)
# Ka  = 1.70  (h-1)
# BSV (CV%): CL = 50.60%
# BSV (CV%): Q  = 79.87%
# BSV (CV%): KA = 87.06%
# expo.err.sd   = 25.1% 
# NAT2: IA(0), RA(1.36), SA(0.378)
# Typical patient1: NAT2_SA 
# Typical patient2: NAT2_IA
# Typical patient3: NAT2_RA
# Dose: oral 300mg qd
# Body Weight: 70kg

set.seed(90202)
rxSetSeed(90202)


mod4 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2;
  Q         = TVQ  * exp(eta.Q);
  V3        = TVV3;
  KA        = TVKA * exp(eta.KA);
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
  cp = C2 * exp(expo.err.sd)
})

#NAT2IA & 300mg & 60kg----------
BW   <- 60 #kg
NAT2 <- 1

#Define fixed effect parameters
theta <- c(TVCL=31.4 * (BW/58)^0.93 * NAT2, 
           TVV2=21.1, 
           TVQ =43.7, 
           TVV3=27.7, 
           TVKA=1.70)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.256^2,
               eta.Q  ~ 0.638^2,
               eta.KA ~ 0.758^2)

#Define unexplained variability
sigma <- lotri(expo.err.sd  ~ 0.251)

#Dose of Oral input qd--------------------
dose_300_qd <- 300 #150mg/d

#Define event record
ev4 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

#Perform simulation
#Total number of subject: 1000
sim9 <- rxSolve(mod4, theta, ev4, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkIA_60kg <- sim9 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkIA_60kg$tald, pkIA_60kg$lowconc, f=0.02)
l0.5 <- lowess(pkIA_60kg$tald, pkIA_60kg$medconc, f=0.02)
l0.9 <- lowess(pkIA_60kg$tald, pkIA_60kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkIA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat9 <- pkIA_dat %>%
  mutate(
    Study = "Jing W. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Jing W. (2020)")

# concentration
pl9 <- pkIA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study4. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/4.Jing2020_IA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl9)
dev.off()

#NAT2RA & 300mg & 60kg----------
BW   <- 60   #kg
NAT2 <- 1.36 #RA=1.36

#Define fixed effect parameters
theta <- c(TVCL=31.4 * (BW/58)^0.93 * NAT2, 
           TVV2=21.1, 
           TVQ =43.7, 
           TVV3=27.7, 
           TVKA=1.70)

#Perform simulation
#Total number of subject: 1000
sim10 <- rxSolve(mod4, theta, ev4, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkRA_60kg <- sim10 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkRA_60kg$tald, pkRA_60kg$lowconc, f=0.02)
l0.5 <- lowess(pkRA_60kg$tald, pkRA_60kg$medconc, f=0.02)
l0.9 <- lowess(pkRA_60kg$tald, pkRA_60kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkRA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat10 <- pkRA_dat %>%
  mutate(
    Study = "Jing W. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA" )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Jing W. (2020)")

# concentration
pl10 <- pkRA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study4. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/4.Jing2020_RA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl10)
dev.off()

#NAT2SA & 300mg & 60kg----------
BW   <- 60    #kg
NAT2 <- 0.378 #SA=0.378

#Define fixed effect parameters
theta <- c(TVCL=31.4 * (BW/58)^0.93 * NAT2, 
           TVV2=21.1, 
           TVQ =43.7, 
           TVV3=27.7, 
           TVKA=1.70)

#Perform simulation
#Total number of subject: 1000
sim11 <- rxSolve(mod4, theta, ev4, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkSA_60kg <- sim11 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_60kg$tald, pkSA_60kg$lowconc, f=0.02)
l0.5 <- lowess(pkSA_60kg$tald, pkSA_60kg$medconc, f=0.02)
l0.9 <- lowess(pkSA_60kg$tald, pkSA_60kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkSA_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat11 <- pkSA_dat %>%
  mutate(
    Study = "Jing W. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA" )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Jing W. (2020)")

# concentration
pl11 <- pkSA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study4. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/4.Jing2020_SA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl11)
dev.off()

# 5.## Panjasawatwong N. (2021)## Children-------------
# Define model --------------------
# CL    = 9.43 * (BW/10.9)^0.75 * (1-NAT2) * MAT^HILL / (MAT^HILL + MAT50^HILL) (L/h)
# F     = 1    FIX
# V2    = 3.78 * (BW/10.9)^1 (L)
# MTT   = 0.878 (h)
# KA    = KTR
# MAT50 = 12.7  (month)
# HILL  = 4.7
# Q     = 28.0 * (BW/10.9)^0.75 (L/h)
# V3    = 15.3 * (BW/10.9)^1 (L)
# slow(SA)        = 0.564
[bookmark: _Toc1383047342]# non_slow(RA/IA) = 0
# sigma Plasma (additive error on the logarithmic scale) add.plasma: 0.474
# Ka  = 1.70  (h-1)
# BSV (CV%): CL = 36.8%
# BSV (CV%): Q  = 101 %
# Typical patient1: NAT2_slow
# Typical patient2: NAT2_nonslow
# Dose: oral 150mg qd
# Body Weight: 14kg
# MAT: 2.76 years = 33.33 month

set.seed(90401)
rxSetSeed(90401)


mod5 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2;
  Q         = TVQ  * exp(eta.Q);
  V3        = TVV3;
  bio        = 1;
  mtt       = 0.878;
  n        = 2;
  ktr       = (n+1)/mtt;
  KA        = 3.417;
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = transit(n,mtt,bio) - KA * depot;
  d/dt(centr) = KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
  cp = C2 + add.err.sd
})

#NAT2slow----------
# Typical patient1: NAT2_slow
# Dose: oral 150mg qd
# Body Weight: 14kg
# MAT: 2.76 years
BW   <- 14 #kg
NAT2 <- 0.564
MAT  <- 33.33 #monthes

#Define fixed effect parameters
theta <- c( 
TVCL=9.43*(BW/10.9)^0.75*(1-NAT2)*MAT^4.7/(MAT^4.7+12.7^4.7), 
           TVV2=3.78*(BW/10.9)^1, 
           TVQ =28.0*(BW/10.9)^0.75, 
           TVV3=15.3*(BW/10.9)^1)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.368^2,
               eta.Q  ~ 1.01 ^2)

#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.474)

#Dose of Oral input qd--------------------
dose_150_qd <- 150 #150mg/d

#Define event record
ev5 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_150_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

#Perform simulation
#Total number of subject: 1000
sim12 <- rxSolve(mod5, theta, ev5, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkslow_14kg <- sim12 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkslow_14kg$tald, pkslow_14kg$lowconc, f=0.02)
l0.5 <- lowess(pkslow_14kg$tald, pkslow_14kg$medconc, f=0.02)
l0.9 <- lowess(pkslow_14kg$tald, pkslow_14kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkslow_14dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat12 <- pkslow_14dat %>%
  mutate(
    Study = "Panjasawatwong N. (2021)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Panjasawatwong N. (2021)")

# concentration
pl12 <- pkslow_14dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study5. SA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/5.Panjaswatsong_SA150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl12)
dev.off()

#NAT2nonslow----------
# Typical patient1: NAT2_nonslow
# Dose: oral 150mg qd
# Body Weight: 14kg
# MAT: 2.76 years
BW   <- 14 #kg
NAT2 <- 0
MAT  <- 33.33 #monthes

#Define fixed effect parameters
theta <- c(TVCL=9.43*(BW/10.9)^0.75*(1-NAT2)*MAT^4.7/(MAT^4.7+12.7^4.7), 
           TVV2=3.78*(BW/10.9)^1, 
           TVQ =28.0*(BW/10.9)^0.75, 
           TVV3=15.3*(BW/10.9)^1)

#Perform simulation
#Total number of subject: 1000
sim13 <- rxSolve(mod5, theta, ev5, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pknonslow_14kg <- sim13 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pknonslow_14kg$tald, pknonslow_14kg$lowconc, f=0.02)
l0.5 <- lowess(pknonslow_14kg$tald, pknonslow_14kg$medconc, f=0.02)
l0.9 <- lowess(pknonslow_14kg$tald, pknonslow_14kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pknslow_14dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat13 <- pknslow_14dat %>%
  mutate(
    Study = "Panjasawatwong N. (2021)",
    drug  = "Isoniazid",
    pop   = "NAT2_nonSA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Panjasawatwong N. (2021)")

# concentration
pl13 <- pknslow_14dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study5. nonSA 150mg 14kg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/5.Panjaswatsong_NS150mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl13)
dev.off()

# 6.## Chen B. (2022)## China-------------
# Define model -------------------
# CL    = 28.7 * exp(-0.55 * Genotype) (L/h)
# Vc    = 54.1 (L)
# KA    = 3.91 (h-1)
# Genotype wt/wt(RA)  = 0
# Genotype m/wt(IA)   = 1
[bookmark: _Toc513681866]# Genotype m/m(SA)    = 2
# sigma Plasma (additive error on the logarithmic scale) add.plasma: 0.474
# Ka  = 1.70  (h-1)
[bookmark: _Toc566860922]# BSV (CV%): Q  = 30.7%
# BSV (CV%): Vc = 19.4%
# BSV (CV%): KA = 55.2%
# prop.err.sd   = 33.3%
# Typical patient1: NAT2_RA
# Typical patient2: NAT2_IA
# Typical patient3: NAT2_SA
# Dose: oral 300mg qd

set.seed(90601)
rxSetSeed(90601)


mod6 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V         = TVV  * exp(eta.V);
  KA        = TVKA * exp(eta.KA);
  
  C2          = centr/V;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  KA * depot - CL * C2
  
  cp = C2 * (1 + prop.err.sd)
})

#NAT2RA----------
# Typical patient1: NAT2_RA
# Dose: oral 300mg qd
NAT2 <- 0

#Define fixed effect parameters
theta <- c(TVCL=28.7 * exp(-0.55 * NAT2), 
           TVV =54.1, 
           TVKA=3.91)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.307^2,
               eta.V  ~ 0.194^2,
               eta.KA ~ 0.552^2)

#Define unexplained variability
sigma <- lotri(prop.err.sd  ~ 0.333)

#Dose of Oral input qd--------------------
dose_300_qd <- 300 #300mg/d

#Define event record
ev6 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

#Perform simulation
#Total number of subject: 1000
sim14 <- rxSolve(mod6, theta, ev6, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkRA_300mg <- sim14 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkRA_300mg$tald, pkRA_300mg$lowconc, f=0.02)
l0.5 <- lowess(pkRA_300mg$tald, pkRA_300mg$medconc, f=0.02)
l0.9 <- lowess(pkRA_300mg$tald, pkRA_300mg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkRA_300dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat14 <- pkRA_300dat %>%
  mutate(
    Study = "Chen B. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Chen B. (2022)")

# concentration
pl14 <- pkRA_300dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study6. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/6.Chen_RA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl14)
dev.off()

#NAT2IA----------
# Typical patient1: NAT2_IA
# Dose: oral 300mg qd
NAT2 <- 1

#Define fixed effect parameters
theta <- c(TVCL=28.7 * exp(-0.55 * NAT2), 
           TVV =54.1, 
           TVKA=3.91)

#Perform simulation
#Total number of subject: 1000
sim15 <- rxSolve(mod6, theta, ev6, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkIA_300mg <- sim15 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkIA_300mg$tald, pkIA_300mg$lowconc, f=0.02)
l0.5 <- lowess(pkIA_300mg$tald, pkIA_300mg$medconc, f=0.02)
l0.9 <- lowess(pkIA_300mg$tald, pkIA_300mg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkIA_300dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat15 <- pkIA_300dat %>%
  mutate(
    Study = "Chen B. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Chen B. (2022)")

# concentration
pl15 <- pkIA_300dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study6. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/6.Chen_IA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl15)
dev.off()

#NAT2SA----------
# Typical patient1: NAT2_SA
# Dose: oral 300mg qd
NAT2 <- 2

#Define fixed effect parameters
theta <- c(TVCL=28.7 * exp(-0.55 * NAT2), 
           TVV =54.1, 
           TVKA=3.91)

#Perform simulation
#Total number of subject: 1000
sim16 <- rxSolve(mod6, theta, ev6, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkSA_300mg <- sim16 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_300mg$tald, pkSA_300mg$lowconc, f=0.028)
l0.5 <- lowess(pkSA_300mg$tald, pkSA_300mg$medconc, f=0.028)
l0.9 <- lowess(pkSA_300mg$tald, pkSA_300mg$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkSA_300dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat16 <- pkSA_300dat %>%
  mutate(
    Study = "Chen B. (2022)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Chen B. (2022)")

# concentration
pl16 <- pkSA_300dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
  theme_bw(base_size = 30) +
  labs(title = "Study6. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/6.Chen_SA300mg.jpg"), 
     width=5000, height=4500, res=300)
print(pl16)
dev.off()

# 7.## Huerta-García AP. (2020)## Russia-----------------
# Define model -----------------------
# CL_SA = 11.4 (L/h)
# CL_IA = 19.2 (L/h)
# CL_RA = 27.4 (L/h)
# V2    = 1.5 * BMI (L)
# mean_BMI = 21.7 
# KA    = 2
# Q     = 9.9 (L/h)
# V3    = 3.8 (L)
# BSV (CV%): CL = 47.0%
# BSV (CV%): V2 = 59.4%
# BSV (CV%): V3 = 114 %
# BSV (CV%): KA = 113.6%
# prop.err.sd   = 42.9%
# Typical patient1: NAT2_SA
# Typical patient2: NAT2_IA
# Typical patient3: NAT2_RA
# Dose: oral 300mg qd
# BMI : 21.7 kg/m2

set.seed(90603)
rxSetSeed(90603)


mod7 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2 * exp(eta.V2);
  Q         = TVQ ;
  V3        = TVV3 * exp(eta.V3);
  KA        = TVKA * exp(eta.KA);
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  =  Q  * C2 - Q * C3;
  
  cp = C2 * (1 + prop.err.sd)
})

#NAT2SA----------
# Typical patient1: NAT2_SA
# Dose: oral 300mg qd
# BMI: 21.7 kg/m2
BMI <- 21.7

#Define fixed effect parameters
theta <- c(TVCL=11.4, 
           TVV2=1.5*BMI, 
           TVQ =9.9, 
           TVV3=3.8,
           TVKA=2.0)

# Define between subject variability
omega <- lotri(eta.CL ~ 0.47 ^2,
               eta.V2 ~ 0.594^2,
               eta.V3 ~ 1.14 ^2,
               eta.KA ~ 1.136^2)

#Define unexplained variability
sigma <- lotri(prop.err.sd  ~ 0.429)

#Dose of Oral input qd--------------------
dose_300_qd <- 300 #150mg/d

#Define event record
ev7 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.5))

#Perform simulation
#Total number of subject: 1000
sim17 <- rxSolve(mod7, theta, ev7, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
pkSA_BMI <- sim17 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_BMI$tald, pkSA_BMI$lowconc, f=0.04)
l0.5 <- lowess(pkSA_BMI$tald, pkSA_BMI$medconc, f=0.04)
l0.9 <- lowess(pkSA_BMI$tald, pkSA_BMI$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkSA_BMI_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat17 <- pkSA_BMI_dat %>%
  mutate(
    Study = "Huerta-García AP. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Huerta-García AP. (2020)")

# concentration
pl17 <- pkSA_BMI_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc994057962]  theme_bw(base_size = 30) +
  labs(title = "Study7. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/7.Huerta_SABMI.jpg"), 
     width=5000, height=4500, res=300)
print(pl17)
dev.off()

#NAT2IA----------
# Typical patient1: NAT2_IA
[bookmark: _Toc1856877321]# Dose: oral 300mg qd
# BMI: 21.7 kg/m2
BMI <- 21.7

#Define fixed effect parameters
theta <- c(TVCL=19.2, 
           TVV2=1.5*BMI, 
           TVQ =9.9, 
           TVV3=3.8,
           TVKA=2.0)

#Perform simulation
#Total number of subject: 1000
sim18 <- rxSolve(mod7, theta, ev7, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
[bookmark: _Toc1304775843]pkIA_BMI <- sim18 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkIA_BMI$tald, pkIA_BMI$lowconc, f=0.028)
l0.5 <- lowess(pkIA_BMI$tald, pkIA_BMI$medconc, f=0.028)
l0.9 <- lowess(pkIA_BMI$tald, pkIA_BMI$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkIA_BMI_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat18 <- pkIA_BMI_dat %>%
  mutate(
    Study = "Huerta-García AP. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Huerta-García AP. (2020)")

# concentration
pl18 <- pkIA_BMI_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1412073784]  theme_bw(base_size = 30) +
  labs(title = "Study7. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/7.Huerta_IABMI.jpg"), 
     width=5000, height=4500, res=300)
print(pl18)
dev.off()

#NAT2RA----------
# Typical patient1: NAT2_RA
[bookmark: _Toc882304691]# Dose: oral 300mg qd
# BMI: 21.7 kg/m2
BMI <- 21.7

#Define fixed effect parameters
theta <- c(TVCL=27.4, 
           TVV2=1.5*BMI, 
           TVQ =9.9, 
           TVV3=3.8,
           TVKA=2.0)

#Perform simulation
#Total number of subject: 1000
sim19 <- rxSolve(mod7, theta, ev7, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
[bookmark: _Toc520359102]pkRA_BMI <- sim19 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkRA_BMI$tald, pkRA_BMI$lowconc, f=0.028)
l0.5 <- lowess(pkRA_BMI$tald, pkRA_BMI$medconc, f=0.028)
l0.9 <- lowess(pkRA_BMI$tald, pkRA_BMI$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkRA_BMI_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat19 <- pkRA_BMI_dat %>%
  mutate(
    Study = "Huerta-García AP. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA" )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Huerta-García AP. (2020)")

# concentration
pl19 <- pkRA_BMI_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1122016730]  theme_bw(base_size = 30) +
  labs(title = "Study7. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/7.Huerta_RABMI.jpg"), 
     width=5000, height=4500, res=300)
print(pl19)
dev.off()

# 8.## Abdelwahab MT. (2020)## South Afirca## Pregnant Women----------------------
# Define model ---------------
# CL     = NAT2*(BW/65.3)^0.75 (L/h)
[bookmark: _Toc681276803]# NAT2SA = 29.0 (L/h)
[bookmark: _Toc1983905864]# NAT2IA = 75.7 (L/h)
[bookmark: _Toc1674752926]# NAT2RA = 97.1 (L/h)
# V2     = 130*(BW/65.3) (L)
# F      = 1
# Q      = 12.4*(BW/65.3)^0.75 (L/h)
# V3     = 28.5*(BW/65.3) (L)
[bookmark: _Toc504266053]# MTT    = 1.21 (h)
# NN     = 8.01
[bookmark: _Toc1229081709]# BSV (CV%): CL = 12.7%
[bookmark: _Toc531082670]# BOV (CV%): MTT= 56.7%
[bookmark: _Toc964397758]# BOV (CV%): F  = 36.7%
# prop.err.sd   = 22.2%
# add.err.sd    = 0.045
# Typical patient1: NAT2_SA
# Typical patient2: NAT2_IA
# Typical patient3: NAT2_RA
[bookmark: _Toc1574034797]# Dose: oral 300mg qd
[bookmark: _Toc2099269433]# Body weight = 60kg

set.seed(90604)
rxSetSeed(90604)


mod8 <- RxODE({
  CL  = TVCL  * exp(eta.CL);
  V2  = TVV2 ;
  Q   = TVQ  ;
  V3  = TVV3 ;
  BIO = TVBIO * exp(iov.BIO);
  MTT = TVMTT * exp(iov.MTT);
  NT  = TVNT;
  KTR = (NT+1)/MTT
  KA  = KTR
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = transit(NT,MTT,BIO)-KA * depot;
  d/dt(centr) = KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q  * C2 - Q * C3;
  
  cp = C2 * (1 + prop.err.sd) + add.err.sd
})

#NAT2SA----------
# Typical patient1: NAT2_SA
[bookmark: _Toc1412523868]# Dose: oral 300mg qd
BW <- 60 #kg

#Define fixed effect parameters
theta <- c(TVCL =29.0*(BW/65.3)^0.75, 
           TVV2 =130*(BW/65.3), 
           TVQ  =12.4*(BW/65.3)^0.75, 
           TVV3 =28.5*(BW/65.3),
           TVMTT=1.21,
           TVNT =8.01,
           TVBIO=1)

# Define between subject variability
omega <- lotri(eta.CL  ~ 0.127^2,
               iov.MTT ~ 0.567^2,
               iov.BIO ~ 0.367^2)

#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.045,
               prop.err.sd ~ 0.222)

#Dose of Oral input qd--------------------
dose_300_qd <- 300 #300mg/d

#Define event record
ev8 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

#Perform simulation
#Total number of subject: 1000
sim20 <- rxSolve(mod8, theta, ev8, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
[bookmark: _Toc2004415538]pkSA_300mg <- sim20 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_300mg$tald, pkSA_300mg$lowconc, f=0.028)
l0.5 <- lowess(pkSA_300mg$tald, pkSA_300mg$medconc, f=0.028)
l0.9 <- lowess(pkSA_300mg$tald, pkSA_300mg$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkSA_300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat20 <- pkSA_300_dat %>%
  mutate(
    Study = "Abdelwahab MT. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_SA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Abdelwahab MT. (2020)")

# concentration
pl20 <- pkSA_300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc635976677]  theme_bw(base_size = 30) +
  labs(title = "Study8. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/8.Abdelwahab_SA300.jpg"), 
     width=5000, height=4500, res=300)
print(pl20)
dev.off()

#NAT2IA----------
# Typical patient1: NAT2_IA
# Dose: oral 300mg qd

#Define fixed effect parameters
theta <- c(TVCL =75.7*(BW/65.3)^0.75, 
           TVV2 =130*(BW/65.3), 
           TVQ  =12.4*(BW/65.3)^0.75, 
           TVV3 =28.5*(BW/65.3),
           TVMTT=1.21,
           TVNT =8.01,
           TVBIO=1)

#Perform simulation
#Total number of subject: 1000
sim21 <- rxSolve(mod8, theta, ev8, omega=omega, sigma=sigma, nSub=1000)

#Concerntration
[bookmark: _Toc833899220]pkIA_300mg <- sim21 %>%
  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkIA_300mg$tald, pkIA_300mg$lowconc, f=0.028)
l0.5 <- lowess(pkIA_300mg$tald, pkIA_300mg$medconc, f=0.028)
l0.9 <- lowess(pkIA_300mg$tald, pkIA_300mg$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

pkIA_300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

dat21 <- pkIA_300_dat %>%
  mutate(
    Study = "Abdelwahab MT. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_IA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Abdelwahab MT. (2020)")

# concentration
pl21 <- pkIA_300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc865910218]  theme_bw(base_size = 30) +
[bookmark: _Toc2003841854]  labs(title = "Study8. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/8.Abdelwahab_IA300.jpg"), 
     width=5000, height=4500, res=300)
[bookmark: _Toc1731487924]print(pl21)
dev.off()

#NAT2RA----------
[bookmark: _Toc566638171]# Typical patient1: NAT2_RA
[bookmark: _Toc1545249199]# Dose: oral 300mg qd

#Define fixed effect parameters
theta <- c(TVCL =97.1*(BW/65.3)^0.75, 
           TVV2 =130*(BW/65.3), 
           TVQ  =12.4*(BW/65.3)^0.75, 
           TVV3 =28.5*(BW/65.3),
           TVMTT=1.21,
           TVNT =8.01,
           TVBIO=1)

[bookmark: _Toc1483544422]#Perform simulation
#Total number of subject: 1000
sim22 <- rxSolve(mod8, theta, ev8, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1645958884]#Concerntration
[bookmark: _Toc1894106381]pkRA_300mg <- sim22 %>%
[bookmark: _Toc2095845986]  group_by(time) %>%
  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
[bookmark: _Toc1856708608]  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkRA_300mg$tald, pkRA_300mg$lowconc, f=0.028)
l0.5 <- lowess(pkRA_300mg$tald, pkRA_300mg$medconc, f=0.028)
l0.9 <- lowess(pkRA_300mg$tald, pkRA_300mg$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc616700099]pkRA_300_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1122483471]dat22 <- pkRA_300_dat %>%
  mutate(
    Study = "Abdelwahab MT. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_RA"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Abdelwahab MT. (2020)")

# concentration
[bookmark: _Toc2083341849]pl22 <- pkRA_300_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc5591808]  theme_bw(base_size = 30) +
[bookmark: _Toc1639720235]  labs(title = "Study8. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/8.Abdelwahab_RA300.jpg"), 
     width=5000, height=4500, res=300)
[bookmark: _Toc120347694]print(pl22)
dev.off()

# 9.## Wilkins JJ. (2011)## South Afirca------------------------------------------
# Define model -------------------
# CL_slow = 9.7 * (BW/70)^0.75 * (1-0.174*HIV status)  (L/h) #HIV status(0=Negative,1=Positive)
# CL_fast = 21.6 * (BW/70)^0.75 * (1-0.174*HIV status) (L/h) #HIV status(0=Negative,1=Positive)
# V2    = 130 57.7 * (BW/70) * (1-0.103 * SEX) (L) #SEX(0=Male,1=Female) 
[bookmark: _Toc1901581231]# F1    = 1
# Q     = 3.34 * (BW/70)^0.75 (L/h)
[bookmark: _Toc1024114763]# V3    = 1730 * (BW/70) (L)
[bookmark: _Toc215391036]# KA    = 1.85 (h-1)
[bookmark: _Toc1567196857]# TLAG  = 0.18 (h)
[bookmark: _Toc990645144]# Pfast = 0.132
# BIO(F)= 1
[bookmark: _Toc332220017]# BSV (CV%): CL = 42.9%
[bookmark: _Toc164343519]# BSV (CV%): V2 = 40.62%
[bookmark: _Toc457553791]# BSV (CV%): Q  = 96.49%
[bookmark: _Toc2115109077]# BSV (CV%): TLAG  = 94.02%
[bookmark: _Toc1341448348]# BSV (CV%): F1 = 51.19%
[bookmark: _Toc1439058630]# BOV (CV%): KA = 94.92%
[bookmark: _Toc1297561896]# BOV (CV%): F1 = 28.98%
# add.err.sd    = 0.045 #natural logarithmic scale
[bookmark: _Toc426350787]# Typical patient1: NAT2_slow
[bookmark: _Toc1672230717]# Typical patient2: NAT2_fast
[bookmark: _Toc1063172330]# Dose: oral 300mg qd
# BW: 60kg
[bookmark: _Toc1673407270]# HIV status: negtive = 0
[bookmark: _Toc1510145778]# SEX: Male = 0

[bookmark: _Toc2058350600]set.seed(90701)
[bookmark: _Toc884464677]rxSetSeed(90701)


mod9 <- RxODE({
  CL  = TVCL  * exp(eta.CL);
  V2  = TVV2  * exp(eta.V2);
  Q   = TVQ   * exp(eta.Q) ;
  V3  = TVV3 ;
  KA  = TVKA  * exp(iov.KA);
  
  ## Added modeled F and Tlag
  fdepot    = TVF * exp(iov.F) * exp(eta.F)
  alagDepot = TVTLAG* exp(eta.TLAG);
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
[bookmark: _Toc316021805]  f(depot)    = fdepot
  alag(depot) = alagDepot
  d/dt(centr) = KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q  * C2 - Q * C3;
  
[bookmark: _Toc651417604]  cp = C2 + add.err.sd
})

#NAT2_slow# 60kg# Male# HIV negtive----------
BW  <- 60 #kg
HIV <- 0  #negtive
SEX <- 0  #Male

#Define fixed effect parameters
theta <- c(TVCL   =9.7 * (BW/70)^0.75 * (1 - 0.174 * HIV), 
           TVV2   =57.7 * (BW/70) * (1 - 0.103 * SEX), 
           TVQ    =3.34 * (BW/70)^0.75, 
           TVV3   =36.8 * (BW/70), 
           TVKA   =1.85,
           TVTLAG =0.18,
           TVF    =1)

# Define between subject variability
omega <- lotri(eta.CL   ~ 0.184^2,
               eta.V2   ~ 0.165^2,
               eta.Q    ~ 0.931^2,
               iov.KA   ~ 0.901^2,
               eta.TLAG ~ 0.22 ^2,
               eta.F    ~ 0.262^2,
               iov.F    ~ 0.084^2)

[bookmark: _Toc504038022]#Define unexplained variability
sigma <- lotri(add.err.sd ~ 0.205)

#Dose of Oral input qd--------------------
[bookmark: _Toc1691531986]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc1189569716]#Define event record
ev9 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

[bookmark: _Toc25463242]#Perform simulation
#Total number of subject: 1000
sim23 <- rxSolve(mod9, theta, ev9, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc611462541]#Concerntration
[bookmark: _Toc1141675692]pkslow_qd <- sim23 %>%
[bookmark: _Toc376969499]  group_by(time) %>%
[bookmark: _Toc649611043]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
[bookmark: _Toc205938353]  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkslow_qd$tald, pkslow_qd$lowconc, f=0.028)
l0.5 <- lowess(pkslow_qd$tald, pkslow_qd$medconc, f=0.028)
l0.9 <- lowess(pkslow_qd$tald, pkslow_qd$highconc, f=0.028)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1609743554]pkslow_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc960927172]dat23 <- pkslow_dat %>%
  mutate(
    Study = "Wilkins JJ. (2011)",
    drug  = "Isoniazid",
[bookmark: _Toc1225954364]    pop   = "NAT2_slow"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Wilkins JJ. (2011)")

# concentration
[bookmark: _Toc1656886430]pl23 <- pkslow_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc869778361]  theme_bw(base_size = 30) +
[bookmark: _Toc443728198]  labs(title = "Study9. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/9.Wilkins2011_SA300mg.jpg"), 
     width=5000, height=4500, res=300)
[bookmark: _Toc1676601402]print(pl23)
dev.off()

#NAT2_fast# 60kg# Male# HIV negtive----------

#Define fixed effect parameters
theta <- c(TVCL   =21.6 * (BW/70)^0.75 * (1 - 0.174 * HIV), 
           TVV2   =57.7 * (BW/70) * (1 - 0.103 * SEX), 
           TVQ    =3.34 * (BW/70)^0.75, 
           TVV3   =36.8 * (BW/70), 
           TVKA   =1.85,
           TVTLAG =0.18,
           TVF    =1)

[bookmark: _Toc1506831127]#Perform simulation
#Total number of subject: 1000
sim24 <- rxSolve(mod9, theta, ev9, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc36102418]#Concerntration
[bookmark: _Toc1182950872]pkfast_qd <- sim24 %>%
[bookmark: _Toc451701778]  group_by(time) %>%
[bookmark: _Toc397090701]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
[bookmark: _Toc1671720478]  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkfast_qd$tald, pkfast_qd$lowconc, f=0.022)
l0.5 <- lowess(pkfast_qd$tald, pkfast_qd$medconc, f=0.022)
l0.9 <- lowess(pkfast_qd$tald, pkfast_qd$highconc, f=0.022)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1077520045]pkfast_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc149801164]dat24 <- pkfast_dat %>%
  mutate(
    Study = "Wilkins JJ. (2011)",
    drug  = "Isoniazid",
[bookmark: _Toc857329064]    pop   = "NAT2_fast"
  )

#---------------output-----------------####
#y_breaks <- c()
label_name <- c("Wilkins JJ. (2011)")

# concentration
[bookmark: _Toc1661790925]pl24 <- pkfast_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1695247240]  theme_bw(base_size = 30) +
[bookmark: _Toc1354817931]  labs(title = "Study9. nonSA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/9.Wilkins2011_NS300mg.jpg"), 
     width=5000, height=4500, res=300)
[bookmark: _Toc655857176]print(pl24)
dev.off()

#10.## McCallum AD. (2020)## Malawian---------------
# Define model -------------------------
# CL  = 13.7                   #L/h
# V   = 78.5*(BW/51.1)^1.08    #L  
# KA  = 3.29                   #(h-1)
[bookmark: _Toc2105480628]# BSV (CV%): CL = 53.39%
[bookmark: _Toc577379530]# BSV (CV%): V  = 23.87%
[bookmark: _Toc1686643564]# expo.err.sd    = 0.418 
[bookmark: _Toc634239748]# Typical patient1: 60kg BW
[bookmark: _Toc1706104575]# Dose: oral 300mg qd
[bookmark: _Toc1297937281]# BW: 60kg

[bookmark: _Toc292995541]set.seed(11201)
[bookmark: _Toc196055016]rxSetSeed(11201)


mod10 <- RxODE({
  CL  = TVCL  * exp(eta.CL);
  V   = TVV   * exp(eta.V );
  KA  = TVKA ;
  
[bookmark: _Toc856739414]  ## Added modeled F and Tlag
  C1          = centr/V;
  d/dt(depot) = -KA * depot;
  d/dt(centr) = KA * depot - CL * C1
  
[bookmark: _Toc341477963]  cp = C1 * exp(expo.err.sd)
})

# ----# 60kg#----------
BW  <- 60 #kg

[bookmark: _Toc1143819357]#Define fixed effect parameters
theta <- c(TVCL   =13.7, 
           TVV    =78.5 * (BW/51.1), 
[bookmark: _Toc2045808802]           TVKA   =3.29)

# Define between subject variability
omega <- lotri(eta.CL   ~ 0.5339^2,
               eta.V    ~ 0.2387^2)

[bookmark: _Toc547863097]#Define unexplained variability
sigma <- lotri(expo.err.sd ~ 0.418)

#Dose of Oral input qd--------------------
[bookmark: _Toc1672676590]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc2114508900]#Define event record
ev10 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

[bookmark: _Toc1991691744]#Perform simulation
#Total number of subject: 1000
sim25 <- rxSolve(mod10, theta, ev10, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1535535619]#Concerntration
[bookmark: _Toc1436162534]pk_qd <- sim25 %>%
[bookmark: _Toc2015000305]  group_by(time) %>%
[bookmark: _Toc293012945]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
  ungroup() %>%
[bookmark: _Toc488564044]  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pk_qd$tald, pk_qd$lowconc, f=0.02)
l0.5 <- lowess(pk_qd$tald, pk_qd$medconc, f=0.02)
l0.9 <- lowess(pk_qd$tald, pk_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1465905027]pk_dat <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1533390405]dat25 <- pk_dat %>%
  mutate(
    Study = "McCallum AD. (2020)",
    drug  = "Isoniazid",
    pop   = "NAT2_no"
  )

#---------------output-----------------####
[bookmark: _Toc1888772835]#y_breaks <- c()
label_name <- c("McCallum AD. (2020)")

[bookmark: _Toc501767891]# concentration
[bookmark: _Toc44662268]pl25 <- pk_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1166945473]  theme_bw(base_size = 30) +
[bookmark: _Toc2031900307]  labs(title = "Study9. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())

jpeg(filename = paste0(output_dir,"/10.McCallum2020_300mg.jpg"), 
     width=5000, height=4500, res=300)
[bookmark: _Toc863505155]print(pl25)
dev.off()

# 11.## Gao Y. (2021)## China-----------------------
# Define model -------------------------
[bookmark: _Toc236653659]# CL_SA = 12.6 * (BW/50)^0.55 (L/h)
[bookmark: _Toc298332569]# CL_IA = 16.0 * (BW/50)^0.55 (L/h)
[bookmark: _Toc1848655085]# CL_RA = 30.6 * (BW/50)^0.55 (L/h)
[bookmark: _Toc552608799]# V2    = 21.2 (L)
[bookmark: _Toc1976795165]# KA    = 0.68
[bookmark: _Toc276835418]# Q     = 8.7 (L/h)
[bookmark: _Toc1323290924]# V3    = 125.8 (L)
[bookmark: _Toc1209911336]# BSV (CV%): CL = 60.9%
[bookmark: _Toc457170709]# BSV (CV%): V2 = 21.7%
[bookmark: _Toc2119100844]# BSV (CV%): KA = 23.6%
[bookmark: _Toc1859083260]# Add.err.sd   = 0.178
[bookmark: _Toc1872770617]# Typical patient1: NAT2_SA
[bookmark: _Toc2135429487]# Typical patient2: NAT2_IA
[bookmark: _Toc1416679345]# Typical patient3: NAT2_RA
[bookmark: _Toc978557126]# Dose: oral 300mg qd

[bookmark: _Toc1179847956]set.seed(90603)
[bookmark: _Toc1988083741]rxSetSeed(90603)


mod11 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2 * exp(eta.V2);
  Q         = TVQ ;
  V3        = TVV3;
  KA        = TVKA * exp(eta.KA);
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  =  Q  * C2 - Q * C3;
  
[bookmark: _Toc1025371314]  cp = C2 + add.err.sd
})

#NAT2SA----------
[bookmark: _Toc2006890870]# Typical patient1: NAT2_SA
[bookmark: _Toc1436692308]# Dose: oral 300mg qd
[bookmark: _Toc181493688]# BW： 60 kg
BW <- 60

[bookmark: _Toc937635476]#Define fixed effect parameters
theta <- c(TVCL=12.6*(BW/50)^0.55, 
           TVV2=21.2, 
           TVQ =8.7, 
           TVV3=125.8,
[bookmark: _Toc604443446]           TVKA=0.68)

[bookmark: _Toc1283346612]# Define between subject variability
omega <- lotri(eta.CL ~ 0.609^2,
               eta.V2 ~ 0.217^2,
[bookmark: _Toc2028241063]               eta.KA ~ 0.236^2)

[bookmark: _Toc1639617010]#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.178)

#Dose of Oral input qd--------------------
[bookmark: _Toc532928766]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc1926962172]#Define event record
ev11 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
[bookmark: _Toc252344397]             start.time = 0) %>%
  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.5))

[bookmark: _Toc2019561201]#Perform simulation
[bookmark: _Toc1786064372]#Total number of subject: 1000
sim26 <- rxSolve(mod11, theta, ev11, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc857482438]#Concerntration
[bookmark: _Toc2092064096]pkSA_60kg <- sim26 %>%
[bookmark: _Toc571509141]  group_by(time) %>%
[bookmark: _Toc1807263403]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc667311053]  ungroup() %>%
[bookmark: _Toc1337263137]  # time after last dose
  mutate(tald = time-648) 

#make the margin smooth by lowess
l0.1 <- lowess(pkSA_60kg$tald, pkSA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkSA_60kg$tald, pkSA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkSA_60kg$tald, pkSA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1965177704]pkSA_60kg <- df0.1 %>%
  left_join(df0.5,by="tald") %>%
  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc443180268]dat26 <- pkSA_60kg %>%
  mutate(
    Study = "Gao Y. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc1057476480]    pop   = "NAT2_SA"
  )

#---------------output-----------------####
[bookmark: _Toc432536788]#y_breaks <- c()
[bookmark: _Toc413650821]label_name <- c("Gao Y. (2021)")

[bookmark: _Toc824783208]# concentration
[bookmark: _Toc124435471]pl26 <- pkSA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1885372566]  theme_bw(base_size = 30) +
[bookmark: _Toc1335505277]  labs(title = "Study11. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl26
jpeg(filename = paste0(output_dir,"/11.Gao_SA.jpg"), 
[bookmark: _Toc338112095]     width=5000, height=4500, res=300)
[bookmark: _Toc408250703]print(pl26)
dev.off()

#NAT2IA----------
[bookmark: _Toc259313156]# Typical patient1: NAT2_IA
[bookmark: _Toc1031893129]# Dose: oral 300mg qd
[bookmark: _Toc2097369578]# BW: 60 kg
BW <- 60

[bookmark: _Toc1693915588]#Define fixed effect parameters
theta <- c(TVCL=16.0*(BW/50)^0.55, 
           TVV2=21.2, 
           TVQ =8.7, 
           TVV3=125.8,
[bookmark: _Toc448579237]           TVKA=0.68)

[bookmark: _Toc1603635289]#Perform simulation
[bookmark: _Toc1378532373]#Total number of subject: 1000
sim27 <- rxSolve(mod11, theta, ev11, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1940009175]#Concerntration
[bookmark: _Toc489991824]pkIA_60kg <- sim27 %>%
[bookmark: _Toc1840283370]  group_by(time) %>%
[bookmark: _Toc1583115496]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc99754942]  ungroup() %>%
[bookmark: _Toc1544065534]  # time after last dose
[bookmark: _Toc917039590]  mutate(tald = time-648) 

[bookmark: _Toc194254611]#make the margin smooth by lowess
l0.1 <- lowess(pkIA_60kg$tald, pkIA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkIA_60kg$tald, pkIA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkIA_60kg$tald, pkIA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc662103637]pkIA_60kg <- df0.1 %>%
[bookmark: _Toc1863051952]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc2002584004]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc2065639444]dat27 <- pkIA_60kg %>%
  mutate(
    Study = "Gao Y. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc981497906]    pop   = "NAT2_IA"
  )

#---------------output-----------------####
[bookmark: _Toc1213413535]#y_breaks <- c()
[bookmark: _Toc1336570833]label_name <- c("Gao Y. (2021)")

[bookmark: _Toc1067042611]# concentration
[bookmark: _Toc149226980]pl27 <- pkIA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1944436811]  theme_bw(base_size = 30) +
[bookmark: _Toc1890826078]  labs(title = "Study11. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl27
jpeg(filename = paste0(output_dir,"/11.Gao_IA.jpg"), 
[bookmark: _Toc650884640]     width=5000, height=4500, res=300)
[bookmark: _Toc136446662]print(pl27)
dev.off()

#NAT2RA----------
[bookmark: _Toc1893996885]# Typical patient1: NAT2_IA
[bookmark: _Toc255546714]# Dose: oral 300mg qd
[bookmark: _Toc6328198]# BW: 60 kg
BW <- 60

[bookmark: _Toc1131325083]#Define fixed effect parameters
theta <- c(TVCL=30.6*(BW/50)^0.55, 
           TVV2=21.2, 
           TVQ =8.7, 
           TVV3=125.8,
[bookmark: _Toc360459443]           TVKA=0.68)

[bookmark: _Toc190490314]#Perform simulation
[bookmark: _Toc1820073368]#Total number of subject: 1000
sim28 <- rxSolve(mod11, theta, ev11, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1216028108]#Concerntration
[bookmark: _Toc182542657]pkRA_60kg <- sim28 %>%
[bookmark: _Toc1387788283]  group_by(time) %>%
[bookmark: _Toc737782314]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc336773620]  ungroup() %>%
[bookmark: _Toc1534821495]  # time after last dose
[bookmark: _Toc171298701]  mutate(tald = time-648) 

[bookmark: _Toc1389180727]#make the margin smooth by lowess
l0.1 <- lowess(pkRA_60kg$tald, pkRA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkRA_60kg$tald, pkRA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkRA_60kg$tald, pkRA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc518268505]pkRA_60kg <- df0.1 %>%
[bookmark: _Toc345091303]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc1743682621]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1511964185]dat28 <- pkRA_60kg %>%
  mutate(
    Study = "Gao Y. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc408062344]    pop   = "NAT2_RA"
  )

#---------------output-----------------####
[bookmark: _Toc1388530737]#y_breaks <- c()
[bookmark: _Toc331304810]label_name <- c("Gao Y. (2021)")

[bookmark: _Toc1962328646]# concentration
[bookmark: _Toc1951186343]pl28 <- pkRA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1513577111]  theme_bw(base_size = 30) +
[bookmark: _Toc1746705862]  labs(title = "Study11. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl28
jpeg(filename = paste0(output_dir,"/11.Gao_RA.jpg"), 
[bookmark: _Toc783968144]     width=5000, height=4500, res=300)
[bookmark: _Toc1340421863]print(pl28)
dev.off()

# 12.## Sundell J. (2020)## Rwanda------------------
# Define model -------------------------
[bookmark: _Toc1366794411]# CL    = 9.2*NAT2*(BW/50)^0.75 (L/h)
[bookmark: _Toc81093718]# NAT2  = 1 SA; 1.32 IA; 2.29 RA
# F     = 1    FIX
[bookmark: _Toc1437486228]# V2    = 41.3 * (BW/50)^1 (L)
[bookmark: _Toc640005246]# MTT   = 0.58 (h)
[bookmark: _Toc1970065346]# NN    = 1 FIX
[bookmark: _Toc985400776]# KA    = KTR
[bookmark: _Toc236956568]# Q     = 10.8 * (BW/50)^0.75 (L/h)
[bookmark: _Toc1094356838]# V3    = 42.8 * (BW/50)^1 (L)
[bookmark: _Toc1805423358]# prop.err.sd = 34%
[bookmark: _Toc1953929443]# BSV (CV%): CL = 82.7%
[bookmark: _Toc372218577]# BSV (CV%): Q  = 120.6%
[bookmark: _Toc257759928]# BSV (CV%): MTT= 180.6%
[bookmark: _Toc696593897]# Typical patient1: NAT2_SA
[bookmark: _Toc1720267082]# Typical patient2: NAT2_IA
[bookmark: _Toc956507613]# Typical patient3: NAT2_RA
[bookmark: _Toc2108353896]# Dose: oral 300mg qd
[bookmark: _Toc1623754572]# Body Weight: 60kg

[bookmark: _Toc220905528]set.seed(90401)
[bookmark: _Toc1907467080]rxSetSeed(90401)


mod12 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2;
  Q         = TVQ  * exp(eta.Q);
  V3        = TVV3;
  bio       = 1;
  mtt       = 0.58 * exp(eta.MTT);
  n         = 1;
  ktr       = (n+1)/mtt;
  KA        = ktr;
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = transit(n,mtt,bio) - KA * depot;
  d/dt(centr) = KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
[bookmark: _Toc1163331144]  cp = C2 * (1 + prop.err.sd)
})

#NAT2SA----------
[bookmark: _Toc1415414920]# Typical patient1: NAT2_SA
[bookmark: _Toc1202202621]# Dose: oral 300mg qd
[bookmark: _Toc1893300171]# Body Weight: 60kg
BW   <- 60 #kg
NAT2 <- 1

[bookmark: _Toc1430776398]#Define fixed effect parameters
theta <- c(TVCL=9.2*(BW/50)^0.75*NAT2, 
           TVV2=41.3*(BW/50)^1, 
           TVQ =10.8*(BW/50)^0.75, 
[bookmark: _Toc1684525727]           TVV3=42.8*(BW/50)^1)

[bookmark: _Toc1546975288]# Define between subject variability
omega <- lotri(eta.CL ~ 0.827^2,
               eta.Q  ~ 1.206^2,
[bookmark: _Toc429151187]               eta.MTT~ 1.806^2)

[bookmark: _Toc1493913283]#Define unexplained variability
sigma <- lotri(prop.err.sd  ~ 0.34)

#Dose of Oral input qd--------------------
[bookmark: _Toc1969230304]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc1983235411]#Define event record
ev12 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
[bookmark: _Toc1143867590]             start.time = 0) %>%
[bookmark: _Toc708977186]  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

[bookmark: _Toc1540291546]#Perform simulation
[bookmark: _Toc1912132684]#Total number of subject: 1000
sim29 <- rxSolve(mod12, theta, ev12, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc121242633]#Concerntration
[bookmark: _Toc1910435475]pkSA_60kg <- sim29 %>%
[bookmark: _Toc1661022028]  group_by(time) %>%
[bookmark: _Toc1657297243]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc1331861511]  ungroup() %>%
[bookmark: _Toc1374362696]  # time after last dose
[bookmark: _Toc579724540]  mutate(tald = time-648) 

[bookmark: _Toc297037341]#make the margin smooth by lowess
l0.1 <- lowess(pkSA_60kg$tald, pkSA_60kg$lowconc, f=0.02)
l0.5 <- lowess(pkSA_60kg$tald, pkSA_60kg$medconc, f=0.02)
l0.9 <- lowess(pkSA_60kg$tald, pkSA_60kg$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1554594559]pkSA_60kg <- df0.1 %>%
[bookmark: _Toc1784703711]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc1611173128]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1365457273]dat29 <- pkSA_60kg %>%
  mutate(
    Study = "Sundell J. (2020)",
    drug  = "Isoniazid",
[bookmark: _Toc1230135469]    pop   = "NAT2_SA"
  )

#---------------output-----------------####
[bookmark: _Toc1061757814]#y_breaks <- c()
[bookmark: _Toc1521956975]label_name <- c("Sundell J. (2020)")

[bookmark: _Toc853159408]# concentration
[bookmark: _Toc301859237]pl29 <- pkSA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc991822045]  theme_bw(base_size = 30) +
[bookmark: _Toc785042301]  labs(title = "Study12. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl29
jpeg(filename = paste0(output_dir,"/12.Sundell_SA300mg.jpg"), 
[bookmark: _Toc66425739]     width=5000, height=4500, res=300)
[bookmark: _Toc1873382580]print(pl29)
dev.off()

#NAT2IA----------
[bookmark: _Toc1683273393]# Typical patient1: NAT2_IA
[bookmark: _Toc1973834220]# Dose: oral 300mg qd
[bookmark: _Toc2051840331]# Body Weight: 60kg
BW   <- 60 #kg
NAT2 <- 1.32

[bookmark: _Toc988039591]#Define fixed effect parameters
theta <- c(TVCL=9.2*(BW/50)^0.75*NAT2, 
           TVV2=41.3*(BW/50)^1, 
           TVQ =10.8*(BW/50)^0.75, 
[bookmark: _Toc1637847333]           TVV3=42.8*(BW/50)^1)

[bookmark: _Toc854738485]#Perform simulation
[bookmark: _Toc1071602612]#Total number of subject: 1000
sim30 <- rxSolve(mod12, theta, ev12, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1627236142]#Concerntration
[bookmark: _Toc753594049]pkIA_60kg <- sim30 %>%
[bookmark: _Toc1944115184]  group_by(time) %>%
[bookmark: _Toc780208383]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc427144499]  ungroup() %>%
[bookmark: _Toc2127246419]  # time after last dose
[bookmark: _Toc1322808877]  mutate(tald = time-648) 

[bookmark: _Toc1698081995]#make the margin smooth by lowess
l0.1 <- lowess(pkIA_60kg$tald, pkIA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkIA_60kg$tald, pkIA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkIA_60kg$tald, pkIA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1753904982]pkIA_60kg <- df0.1 %>%
[bookmark: _Toc1520493752]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc2030574211]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc50646153]dat30 <- pkIA_60kg %>%
  mutate(
    Study = "Sundell J. (2020)",
    drug  = "Isoniazid",
[bookmark: _Toc806369259]    pop   = "NAT2_IA"
  )

#---------------output-----------------####
[bookmark: _Toc2026323443]#y_breaks <- c()
[bookmark: _Toc1622432375]label_name <- c("Sundell J. (2020)")

[bookmark: _Toc1621060666]# concentration
[bookmark: _Toc41583973]pl30 <- pkIA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc969648936]  theme_bw(base_size = 30) +
[bookmark: _Toc1783753916]  labs(title = "Study12. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl30
jpeg(filename = paste0(output_dir,"/12.Sundell_IA300mg.jpg"), 
[bookmark: _Toc680354092]     width=5000, height=4500, res=300)
[bookmark: _Toc1508287616]print(pl30)
dev.off()

#NAT2RA----------
[bookmark: _Toc892992924]# Typical patient1: NAT2_RA
[bookmark: _Toc1916348432]# Dose: oral 300mg qd
[bookmark: _Toc108358918]# Body Weight: 60kg
BW   <- 60 #kg
NAT2 <- 2.29

[bookmark: _Toc122202170]#Define fixed effect parameters
theta <- c(TVCL=9.2*(BW/50)^0.75*NAT2, 
           TVV2=41.3*(BW/50)^1, 
           TVQ =10.8*(BW/50)^0.75, 
[bookmark: _Toc857504658]           TVV3=42.8*(BW/50)^1)

[bookmark: _Toc318031989]#Perform simulation
[bookmark: _Toc76841740]#Total number of subject: 1000
sim31 <- rxSolve(mod12, theta, ev12, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc841452333]#Concerntration
[bookmark: _Toc1109545236]pkRA_60kg <- sim31 %>%
[bookmark: _Toc1526274551]  group_by(time) %>%
[bookmark: _Toc404215242]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc1154796833]  ungroup() %>%
[bookmark: _Toc1860654292]  # time after last dose
[bookmark: _Toc359818030]  mutate(tald = time-648) 

[bookmark: _Toc147680258]#make the margin smooth by lowess
l0.1 <- lowess(pkRA_60kg$tald, pkRA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkRA_60kg$tald, pkRA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkRA_60kg$tald, pkRA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1718483921]pkRA_60kg <- df0.1 %>%
[bookmark: _Toc1051691744]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc1992726598]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1748457621]dat31 <- pkRA_60kg %>%
  mutate(
    Study = "Sundell J. (2020)",
    drug  = "Isoniazid",
[bookmark: _Toc161010599]    pop   = "NAT2_RA"
  )

#---------------output-----------------####
[bookmark: _Toc275742173]#y_breaks <- c()
[bookmark: _Toc128991385]label_name <- c("Sundell J. (2020)")

[bookmark: _Toc1147207872]# concentration
[bookmark: _Toc1014521938]pl31 <- pkRA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc50054786]  theme_bw(base_size = 30) +
[bookmark: _Toc1604682325]  labs(title = "Study12. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl31
jpeg(filename = paste0(output_dir,"/12.Sundell_RA300mg.jpg"), 
[bookmark: _Toc1796197249]     width=5000, height=4500, res=300)
[bookmark: _Toc1509538064]print(pl31)
dev.off()

# 13.## Cho Y. S. (2021)## South Korea# ----------
# Define model ----------
# CL        = 22.2*(1-NAT2)*(FFM/50)^0.75 (L/h)
[bookmark: _Toc434435990]# V2        = 16.5 * (FFM/50)^1  (L)
[bookmark: _Toc121284130]# Q         = 18.45 (L/h)
[bookmark: _Toc460391907]# V3        = 36.4 (L)
[bookmark: _Toc423200808]# Ka        = 1.21 (h-1)
[bookmark: _Toc270141192]# Tlag      = 0.02 FIX (h)
[bookmark: _Toc482584186]# D0        = 0.47 (h)
[bookmark: _Toc1894163030]# BSV (CV%):  CL   = 14%
[bookmark: _Toc900462082]# BSV (CV%):  V2   = 3%  FIX
[bookmark: _Toc748951765]# BSV (CV%):  V3   = 15% FIX
[bookmark: _Toc1230659288]# BOV (CV%):  D0   = 20%
[bookmark: _Toc1275649159]# BOV (CV%):  Tlag = 22%
[bookmark: _Toc1506167312]# BSV (CV%):  KA   = 60%
[bookmark: _Toc1764265595]# add.err.sd    = 0.134 mg/L
[bookmark: _Toc1705141036]# prop.err.sd   = 29.2 %
# NAT2: SA(0.646), IA(0.274), RA(0)
[bookmark: _Toc136122837]# Typical patient1: NAT2_SA
[bookmark: _Toc746437404]# Typical patient2: NAT2_IA
[bookmark: _Toc1921466901]# Typical patient3: NAT2_RA
[bookmark: _Toc235121521]# Dose: oral 150mg qd

[bookmark: _Toc317492967]set.seed(90401)
[bookmark: _Toc1754917221]rxSetSeed(90401)


mod13 <- RxODE({
  CL        = TVCL * exp(eta.CL);
  V2        = TVV2 * exp(eta.V2);
  Q         = TVQ
  V3        = TVV3 * exp(eta.V3);
  KA        = TVKA * exp(eta.KA);
[bookmark: _Toc1353325449]  ## Added modeled F, DUR and Rate
  durDepot = TVDUR * exp(eta.DUR);
  alagDepot = TVTLAG * exp(eta.TLAG);
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
[bookmark: _Toc1341515966]  dur(depot)  = durDepot
[bookmark: _Toc428030709]  alag(depot) = alagDepot
  d/dt(centr) = KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  = Q * C2 - Q * C3;
  
  cp = C2 * (1+prop.err.sd) + add.err.sd
})

#NAT2_SA 46kg & 300mg----------
NAT2 <- 0.646  
FFM   <- 46

[bookmark: _Toc1989392360]#Define fixed effect parameters
theta <- c(TVCL        = 22.2*(1-NAT2)*(FFM/50)^0.75, 
           TVV2        = 16.5*(FFM/50), 
           TVQ         = 18.4, 
           TVV3        = 36.4,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
[bookmark: _Toc1544494377]           TVDUR       = 0.47)

[bookmark: _Toc1682152950]# Define between subject variability
omega <- lotri(eta.CL   ~ 0.14^2,
               eta.V2   ~ 0.03^2,
               eta.V3   ~ 0.15^2,
               eta.KA   ~ 0.6^2,
               eta.TLAG ~ 0.22 ^2,
[bookmark: _Toc322417895]               eta.DUR  ~ 0.2^2)

[bookmark: _Toc776319884]#Define unexplained variability
sigma <- lotri(add.err.sd  ~ 0.134,
[bookmark: _Toc1645134863]               prop.err.sd ~ 0.292)

#Dose of Oral input qd--------------------
[bookmark: _Toc929687316]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc163704440]#Define event record
ev13 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
[bookmark: _Toc453971273]             start.time = 0) %>%
[bookmark: _Toc2033271167]  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.1))

[bookmark: _Toc281229058]#Perform simulation
[bookmark: _Toc5270759]#Total number of subject: 1000
sim32 <- rxSolve(mod13, theta, ev13, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc538816986]#Concerntration
[bookmark: _Toc2106027950]pkSA_qd <- sim32 %>%
[bookmark: _Toc1186285796]  group_by(time) %>%
[bookmark: _Toc667194624]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc1527924581]  ungroup() %>%
[bookmark: _Toc218982041]  # time after last dose
[bookmark: _Toc1791675776]  mutate(tald = time-648) 

[bookmark: _Toc679068998]#make the margin smooth by lowess
l0.1 <- lowess(pkSA_qd$tald, pkSA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkSA_qd$tald, pkSA_qd$medconc, f=0.02)
l0.9 <- lowess(pkSA_qd$tald, pkSA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1384549228]pkSA_dat <- df0.1 %>%
[bookmark: _Toc2133559751]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc56797451]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1112019689]dat32 <- pkSA_dat %>%
  mutate(
    Study = "Cho Y. S. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc164733182]    pop   = "NAT2_SA"
  )

#---------------output-----------------####
[bookmark: _Toc564168891]#y_breaks <- c()
[bookmark: _Toc846249532]label_name <- c("Cho Y. S. (2021)")

# concentration
[bookmark: _Toc131690243]pl32 <- pkSA_dat %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1409757691]  theme_bw(base_size = 30) +
[bookmark: _Toc610435286]  labs(title = "Study13. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl32
jpeg(filename = paste0(output_dir,"/13.Cho2021_SA300mg_46kg.jpg"), 
[bookmark: _Toc1056470083]     width=5000, height=4500, res=300)
[bookmark: _Toc697891585]print(pl32)
dev.off()

#NAT2_IA 46kg & 300mg----------
NAT2 <- 0.274   
FFM   <- 46

[bookmark: _Toc2055672828]#Define fixed effect parameters
theta <- c(TVCL        = 22.2*(1-NAT2)*(FFM/50)^0.75, 
           TVV2        = 16.5*(FFM/50), 
           TVQ         = 18.4, 
           TVV3        = 36.4,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
[bookmark: _Toc976307260]           TVDUR       = 0.47)

[bookmark: _Toc2021055740]#Total number of subject: 1000
sim33 <- rxSolve(mod13, theta, ev13, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1134977581]#Concerntration
[bookmark: _Toc1618451213]pkIA_qd <- sim33 %>%
[bookmark: _Toc1281663989]  group_by(time) %>%
[bookmark: _Toc1665683713]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc549342099]  ungroup() %>%
[bookmark: _Toc760459440]  # time after last dose
[bookmark: _Toc1366624783]  mutate(tald = time-648) 

[bookmark: _Toc1525123216]#make the margin smooth by lowess
l0.1 <- lowess(pkIA_qd$tald, pkIA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkIA_qd$tald, pkIA_qd$medconc, f=0.02)
l0.9 <- lowess(pkIA_qd$tald, pkIA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc381080720]pkIA_qd <- df0.1 %>%
[bookmark: _Toc1027425686]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc27499075]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc467969420]dat33 <- pkIA_qd %>%
  mutate(
    Study = "Cho Y. S. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc1076926626]    pop   = "NAT2_IA"
  )

#---------------output-----------------####
[bookmark: _Toc913626266]#y_breaks <- c()
[bookmark: _Toc808576612]label_name <- c("Cho Y. S. (2021)")

[bookmark: _Toc470599668]# concentration
[bookmark: _Toc186348175]pl33 <- pkIA_qd %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc922619899]  theme_bw(base_size = 30) +
[bookmark: _Toc1640711153]  labs(title = "Study13. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl33
jpeg(filename = paste0(output_dir,"/13.Cho2021_IA300mg_46kg.jpg"), 
[bookmark: _Toc1742320991]     width=5000, height=4500, res=300)
[bookmark: _Toc101885245]print(pl33)
dev.off()


#NAT2_RA 46kg & 300mg----------
NAT2 <- 0   
FFM   <- 46

[bookmark: _Toc840846056]#Define fixed effect parameters
theta <- c(TVCL        = 22.2*(1-NAT2)*(FFM/50)^0.75, 
           TVV2        = 16.5*(FFM/50), 
           TVQ         = 18.4, 
           TVV3        = 36.4,
           TVKA        = 1.21,
           TVTLAG      = 0.02,
[bookmark: _Toc1657265932]           TVDUR       = 0.47)

[bookmark: _Toc805617534]#Total number of subject: 1000
sim34 <- rxSolve(mod13, theta, ev13, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc129499603]#Concerntration
[bookmark: _Toc1098893210]pkRA_qd <- sim34 %>%
[bookmark: _Toc738816270]  group_by(time) %>%
[bookmark: _Toc534602936]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc2147449951]  ungroup() %>%
[bookmark: _Toc1581154975]  # time after last dose
[bookmark: _Toc1509016847]  mutate(tald = time-648) 

[bookmark: _Toc264276459]#make the margin smooth by lowess
l0.1 <- lowess(pkRA_qd$tald, pkRA_qd$lowconc, f=0.02)
l0.5 <- lowess(pkRA_qd$tald, pkRA_qd$medconc, f=0.02)
l0.9 <- lowess(pkRA_qd$tald, pkRA_qd$highconc, f=0.02)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc698264417]pkRA_qd <- df0.1 %>%
[bookmark: _Toc1879409311]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc2042809901]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1684941518]dat34 <- pkRA_qd %>%
  mutate(
    Study = "Cho Y. S. (2021)",
    drug  = "Isoniazid",
[bookmark: _Toc2092723684]    pop   = "NAT2_RA"
  )

#---------------output-----------------####
[bookmark: _Toc919786422]#y_breaks <- c()
[bookmark: _Toc1263103448]label_name <- c("Cho Y. S. (2021)")

[bookmark: _Toc1103799941]# concentration
[bookmark: _Toc1601865601]pl34 <- pkRA_qd %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc1700157215]  theme_bw(base_size = 30) +
[bookmark: _Toc124905523]  labs(title = "Study13. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,10.5), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl34
jpeg(filename = paste0(output_dir,"/13.Cho2021_RA300mg_46kg.jpg"), 
[bookmark: _Toc1195601942]     width=5000, height=4500, res=300)
[bookmark: _Toc477354215]print(pl34)
dev.off()

# 14.## Naidoo A. (2019)## South Africa------------------
# Define model -------------------------------
[bookmark: _Toc2040869960]# CL_SA = 17.4 * (FFM/47)^0.55 (L/h)
[bookmark: _Toc1292607836]# CL_IA = 28.4 * (FFM/47)^0.55 (L/h)
[bookmark: _Toc915326600]# CL_RA = 40.5 * (FFM/47)^0.55 (L/h)
[bookmark: _Toc1468802739]# V2    = 73.4 * (FFM/47) (L)
[bookmark: _Toc843112108]# KA    = 0.13
[bookmark: _Toc1088096250]# Q     = 1.1 * (FFM/47)^0.75 (L/h)
[bookmark: _Toc1810419545]# V3    = 19.8 * (FFM/47) (L)
# F     = 1 FIX
[bookmark: _Toc25498472]# BOV (CV%): CL = 13.0%
[bookmark: _Toc1203573151]# BSV (CV%): V2 = 26.3%
[bookmark: _Toc1305477764]# BOV (CV%): KA = 23.5%
[bookmark: _Toc324358149]# BOV (CV%): F  = 27.4%
[bookmark: _Toc1173914157]# Add.err.sd   = 0.178
[bookmark: _Toc1042971710]# Typical patient1: NAT2_SA
[bookmark: _Toc1464003156]# Typical patient2: NAT2_IA
[bookmark: _Toc1780899213]# Typical patient3: NAT2_RA
# FFM : 46 kg
[bookmark: _Toc2093484652]# Dose: oral 300mg qd

[bookmark: _Toc824473716]set.seed(90401)
[bookmark: _Toc1365254368]rxSetSeed(90401)


mod14 <- RxODE({
  CL        = TVCL * exp(iov.CL);
  V2        = TVV2 * exp(eta.V2);
  Q         = TVQ ;
  V3        = TVV3;
  KA        = TVKA * exp(iov.KA);
  bio       = 1 * exp(iov.BIO);
  
  C2          = centr/V2;
  C3          = peri/V3 ;
  d/dt(depot) = -KA * depot;
  d/dt(centr) =  bio * KA * depot - CL * C2 + Q * (C3 - C2);
  d/dt(peri)  =  Q  * C2 - Q * C3;
  
  cp = C2 * (1 + prop.err.sd) + add.err.sd
})

#NAT2SA----------
[bookmark: _Toc2114878428]# Typical patient1: NAT2_SA
[bookmark: _Toc1759897899]# Dose: oral 300mg qd
[bookmark: _Toc1311718362]# FFM： 46 kg
FFM <- 46

[bookmark: _Toc2130873679]#Define fixed effect parameters
theta <- c(TVCL=17.4*(FFM/47)^0.75, 
           TVV2=73.4*(FFM/47), 
           TVQ =1*(FFM/47)^0.75, 
           TVV3=19.8*(FFM/47),
[bookmark: _Toc9141934]           TVKA=0.13)

[bookmark: _Toc1177145801]# Define between subject variability
omega <- lotri(iov.CL ~ 0.13^2,
               eta.V2 ~ 0.263^2,
               iov.KA ~ 0.235^2,
[bookmark: _Toc1670121243]               iov.BIO~ 0.274^2)

[bookmark: _Toc2116464811]#Define unexplained variability
sigma <- lotri(prop.err.sd ~ 0.193, add.err.sd  ~ 0.178)

#Dose of Oral input qd--------------------
[bookmark: _Toc504949569]dose_300_qd <- 300 #300mg/d

[bookmark: _Toc1979516886]#Define event record
ev14 <- et(amount.units = "mg", time.units = "hours") %>%
  add.dosing(dosing.to = "depot",
             dose      = dose_300_qd,
             nbr.doses = 28,
             dosing.interval = 24,
[bookmark: _Toc923643678]             start.time = 0) %>%
[bookmark: _Toc1667495630]  #0-24h after the last dose
  add.sampling(seq(from = 648, to = 672, by = 0.5))

[bookmark: _Toc937460060]#Perform simulation
[bookmark: _Toc1951194028]#Total number of subject: 1000
sim35 <- rxSolve(mod14, theta, ev14, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc1642738906]#Concerntration
[bookmark: _Toc1463027310]pkSA_60kg <- sim35 %>%
[bookmark: _Toc412241020]  group_by(time) %>%
[bookmark: _Toc752577918]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc2045870643]  ungroup() %>%
[bookmark: _Toc1587224784]  # time after last dose
[bookmark: _Toc445081654]  mutate(tald = time-648) 

[bookmark: _Toc801816277]#make the margin smooth by lowess
l0.1 <- lowess(pkSA_60kg$tald, pkSA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkSA_60kg$tald, pkSA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkSA_60kg$tald, pkSA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc666282614]pkSA_60kg <- df0.1 %>%
[bookmark: _Toc1232158040]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc695370259]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc481936039]dat35 <- pkSA_60kg %>%
  mutate(
    Study = "Naidoo A. (2019)",
    drug  = "Isoniazid",
[bookmark: _Toc1738174636]    pop   = "NAT2_SA"
  )

#---------------output-----------------####
[bookmark: _Toc1281057111]#y_breaks <- c()
[bookmark: _Toc55819755]label_name <- c("Naidoo A. (2019)")

# concentration
[bookmark: _Toc1859752193]pl35 <- pkSA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc230625666]  theme_bw(base_size = 30) +
[bookmark: _Toc2065069274]  labs(title = "Study14. SA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl35
jpeg(filename = paste0(output_dir,"/14.Naidoo_SA.jpg"), 
[bookmark: _Toc2136068951]     width=5000, height=4500, res=300)
[bookmark: _Toc1426732558]print(pl35)
dev.off()

#NAT2IA----------
[bookmark: _Toc291699904]# Typical patient1: NAT2_IA
[bookmark: _Toc2042604074]# Dose: oral 300mg qd
[bookmark: _Toc373090776]# FFM： 46 kg
FFM <- 46

[bookmark: _Toc2031906639]#Define fixed effect parameters
theta <- c(TVCL=28.4*(FFM/47)^0.75, 
           TVV2=73.4*(FFM/47), 
           TVQ =1*(FFM/47)^0.75, 
           TVV3=19.8*(FFM/47),
[bookmark: _Toc969927079]           TVKA=0.13)

[bookmark: _Toc16052376]#Perform simulation
[bookmark: _Toc1356827557]#Total number of subject: 1000
sim36 <- rxSolve(mod14, theta, ev14, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc71903006]#Concerntration
[bookmark: _Toc1588012228]pkIA_60kg <- sim36 %>%
[bookmark: _Toc794751080]  group_by(time) %>%
[bookmark: _Toc33117220]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc402851967]  ungroup() %>%
[bookmark: _Toc1864554025]  # time after last dose
[bookmark: _Toc1478121151]  mutate(tald = time-648) 

[bookmark: _Toc691356361]#make the margin smooth by lowess
l0.1 <- lowess(pkIA_60kg$tald, pkIA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkIA_60kg$tald, pkIA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkIA_60kg$tald, pkIA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc1739829057]pkIA_60kg <- df0.1 %>%
[bookmark: _Toc1169623447]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc1943452738]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc383896696]dat36 <- pkIA_60kg %>%
  mutate(
    Study = "Naidoo A. (2019)",
    drug  = "Isoniazid",
[bookmark: _Toc1110894084]    pop   = "NAT2_IA"
  )

#---------------output-----------------####
[bookmark: _Toc574042770]#y_breaks <- c()
[bookmark: _Toc1440293066]label_name <- c("Naidoo A. (2019)")

# concentration
[bookmark: _Toc569891278]pl36 <- pkIA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc385643726]  theme_bw(base_size = 30) +
[bookmark: _Toc408456236]  labs(title = "Study14. IA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl36
jpeg(filename = paste0(output_dir,"/14.Naidoo_IA.jpg"), 
[bookmark: _Toc1566222640]     width=5000, height=4500, res=300)
[bookmark: _Toc1796849201]print(pl36)
dev.off()

#NAT2RA----------
[bookmark: _Toc1729477093]# Typical patient1: NAT2_RA
[bookmark: _Toc1130339906]# Dose: oral 300mg qd
[bookmark: _Toc982458780]# FFM： 46 kg
FFM <- 46

[bookmark: _Toc182953677]#Define fixed effect parameters
theta <- c(TVCL=40.5*(FFM/47)^0.75, 
           TVV2=73.4*(FFM/47), 
           TVQ =1*(FFM/47)^0.75, 
           TVV3=19.8*(FFM/47),
[bookmark: _Toc1853350482]           TVKA=0.13)

[bookmark: _Toc11251239]#Perform simulation
[bookmark: _Toc121012937]#Total number of subject: 1000
sim37 <- rxSolve(mod14, theta, ev14, omega=omega, sigma=sigma, nSub=1000)

[bookmark: _Toc197418450]#Concerntration
[bookmark: _Toc149654535]pkRA_60kg <- sim37 %>%
[bookmark: _Toc540419108]  group_by(time) %>%
[bookmark: _Toc1115604993]  # 10-90% Prediction interval
  summarise(medconc = median(cp),
            lowconc = quantile(cp,0.1),
            highconc = quantile(cp, 0.9)) %>%
[bookmark: _Toc293395394]  ungroup() %>%
[bookmark: _Toc473933446]  # time after last dose
[bookmark: _Toc382580199]  mutate(tald = time-648) 

[bookmark: _Toc459365475]#make the margin smooth by lowess
l0.1 <- lowess(pkRA_60kg$tald, pkRA_60kg$lowconc, f=0.04)
l0.5 <- lowess(pkRA_60kg$tald, pkRA_60kg$medconc, f=0.04)
l0.9 <- lowess(pkRA_60kg$tald, pkRA_60kg$highconc, f=0.04)

df0.1 <- data.frame(tald=l0.1$x, lowconc=l0.1$y)
df0.5 <- data.frame(tald=l0.5$x, medconc=l0.5$y)
df0.9 <- data.frame(tald=l0.9$x, highconc=l0.9$y)

[bookmark: _Toc351827360]pkRA_60kg <- df0.1 %>%
[bookmark: _Toc1139959329]  left_join(df0.5,by="tald") %>%
[bookmark: _Toc1594827616]  left_join(df0.9,by="tald") %>%
  mutate(lowconc=case_when(lowconc<=0~0,TRUE~as.numeric(lowconc)))

[bookmark: _Toc1524343905]dat37 <- pkRA_60kg %>%
  mutate(
    Study = "Naidoo A. (2019)",
    drug  = "Isoniazid",
[bookmark: _Toc168102625]    pop   = "NAT2_RA"
  )

#---------------output-----------------####
[bookmark: _Toc1359822570]#y_breaks <- c()
[bookmark: _Toc1016962616]label_name <- c("Naidoo A. (2019)")

# concentration
[bookmark: _Toc268340639]pl37 <- pkRA_60kg %>%
  ggplot(mapping=aes(x=tald, y=medconc)) + 
  geom_line(size=1.0, color="#4A6990FF") +
  geom_ribbon(aes(x=tald,ymin=lowconc,ymax=highconc), fill = "#7AA6DCFF",alpha=0.2) +
[bookmark: _Toc285460973]  theme_bw(base_size = 30) +
[bookmark: _Toc264105813]  labs(title = "Study14. RA 300mg")+
  scale_x_continuous("Time (h)", limits = c(-0.1,24.1), breaks = c(0,4,8,12,16,20,24)) +
  scale_y_continuous("Concentration (mg/L)",limits = c(-0.1,12), breaks = c(0,2.5,5,7.5,10)) +
  theme (legend.position = "none",
         plot.background = element_blank(),
         panel.grid.minor = element_blank(),
         panel.grid.major = element_blank())
pl37
jpeg(filename = paste0(output_dir,"/14.Naidoo_RA.jpg"), 
[bookmark: _Toc2125184389]     width=5000, height=4500, res=300)
[bookmark: _Toc1026009019]print(pl37)
[bookmark: _Toc1987380570]dev.off()
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