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(Non-compartmental analysis, NCA)QdUtt. &]9Fx], FDA (Food and Drug
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¢ NonCompart (Bae 2019b)

o ncar (Bae 2019a)

o pkr (Bae and Lee 2018)

& Atk RE ol oA therE e 4= JlsyTh
RS Adget &, & oA vFE 242 AT 714 E A6t HH2 th=
3} gk EREE 59 Qg Fao] Folsha.
install.packages('NonCompart')

install.packages('ncar')
install.packages('pkr')

A7) hdnt shA EAuh, v 3L 2 A4S s wf Aldetet 725 £
2 7JsfloF Ut
library (NonCompart)

library(ncar)
#library (pkr) # NonCompart::tbINCA() can be overwritten.

ofef a7 A HTHEATE PAYAT 42 A2 B2 1Y 5& Tel
d Egg FU

Thttps://cran.r-project.org/
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2 1 AE

# install.packages(c('tidyverse’, 'knitr'))

# 2| Okglof QloBl BHYo] 42 2|27 M3/,

library(tidyverse) # For presentation only, dplyr, tidyr, ggplotZ2
library(knitr) # For reports

Lol dadus W dofl E5RE 014
£ A-8FYth

?NonCompart

help (tb1NCA)

rl

£2to] 925k help()

%

2~
e

1.2 R st

R (R Core Team 2019)2 EA A EJo] Yy}, PAs] F-85F ATEY
oo gt ofof tisl o{7]A ZAI5] sl syt R°ﬂ e B2 A5
bookdown.org?of| /] E2 2 92 4 95Ut Coursera’o| 4] 7 2a}¢l 73]

£ 52 % Jah

1.3 A= g4

Zt=9] A 107] (Table 1.1) g% opxat 107] g B A oW e
QG A Waot A Dol etgln ARF LAY E BROIA S
Hlo W] B skelie.

head (Theoph, n=10)

tail(Theoph, n=10)

28e TEA e Aae) Bgg merg. (Figure 1.1)
ggplot(Theoph, aes(Time, conc, group = Subject, color = Subject)) +
geom_point(size = 4) +
geom_line(size = 1) +
theme_bw() +
labs(title = 'Oral Administration of Theoph (320 mg)',
x = 'Time (hour)', y = 'Concentration (ng/mL)')

2https://bookdown.org
3https://coursera.com
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1.4 == g4

TABLE 1.1 Theoph Z22] A 1071 &3k

Subject Wt Dose Time conc
1 79.6 4.02 0.00 0.74
1 79.6 4.02 025 284
1 79.6 4.02 0.57 6.57
1 79.6 4.02 1.12 10.50
1 79.6 4.02 2.02 9.66
1 79.6 4.02 3.82 858
1 79.6 4.02 510 8.36
1 79.6 4.02 7.03 747
1 79.6 4.02 9.05 6.89
1 79.6 4.02 12.12 594

Oral Administration of Theoph (320 mg)

Concentration (ng/mL)

Time (hour)

Subject

o000

00000

=
N

FIGURE 1.1 Concentration-time curves of oral administration of Theoph

(N = 12)
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1.4 A=z 2897

read.csv() U458 ARSI AR E el SUTh A 113 AFETHE F
readxl W7|2]E HAt Fof| read_excel() ¥4E ARESHA &2 o 9
ZUt)h oyt o] A% tibble FHIZ A 57 HIYEHER as.data.frame() S
AL A HolEf e Q] 0 &2 WY s Fo]oF .

1.5 =g on|

H|ZE A A] of 2 of2teE 7} e n ool R Hdohe A7t By th B
AT E gJlojufrt eFol 7} AFolstr] wZol Ah5= 11 ofn| & FrolE " 8 7} gl
a7 o2 g

?ncar: :txtNCA()

ncar: :RptCfg

ncar:RptCfge] 4B E HHIM ]t} (Table 1.2) PPTESTCD= NonCompart T 7|
2o 22 st wetu]E o]2o]n], CDISC SDTM PPTESTCD (Parameter
Short Name)*Q} -8 Zkduth WNL €& Certara Phoenix WinNonLinof|A]
T3t metHE o] & Ayt

TABLE 1.2: Description of NonCompart parameters

PPTESTCD Description (WNL)

b0 Intercept (b0)

TLAG Time Until First Nonzero Conc (Tlag)
MRTEVLST MRT Extravasc to Last Nonzero Conc (MRTlast)
MRTEVIFO MRT Extravasc Infinity Obs (MRTINF _obs)
MRTEVIFP MRT Extravasc Infinity Pred (MRTINF_ pred)

VZFO Vz Obs by F (Vz_F_obs)

VZFP Vz Pred by F (Vz_F_pred)
CLFO Total CL Obs by F (CL_F_ obs)
CLFP Total CL Pred by F (Cl_F_ pred)

4t}eat Zro] CDISC noteo] TA|E|o] 9l Ut} ‘Short name of the pharmacokinetic pa-
rameter. It can be used as a column name when converting a dataset from a vertical
to a horizontal format. The value in PPTESTCD cannot be longer than 8 characters,
nor can it start with a number (e.g., “1TEST”). PPTESTCD cannot contain characters
other than letters, numbers, or underscores. Examples: “AUCALL”, “TMAX”, “CMAX”?
https://wiki.cdisc.org/pages/viewpage.action?pageld=42309513
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1.5 me}eE o] on)

Co

AUCPBEO
AUCPBEP
CMAX
CMAXD
TMAX

CLST
TLST
CLSTP
LAMZHL
LAMZ

LAMZLL
LAMZUL
LAMZNPT
CORRXY
R2

R2ADJ
AUCLST
AUCALL
AUCIFO
AUCIFOD

AUCPEO
AUCIFP
AUCIFPD
AUCPEP
AUMCLST

AUMCIFO
AUMCPEO
AUMCIFP
AUMCPEP
MRTIVLST

MRTIVIFO
MRTIVIFP
VZO
VZp
CLO

CLP
VSSO
VSSP

Initial Conc (CO)

AUC %Back Extrapolation Obs (AUC__.Back_Ext_ obs)
AUC %Back Extrapolation Pred (AUC__.Back_Ext_ pred)
Max Conc (Cmax)

Max Conc Norm by Dose (Cmax_ D)
Time of CMAX (Tmax)

Last Nonzero Conc (Clast)

Time of Last Nonzero Conc (Tlast)
Last Nonzero Conc Pred (Clast_ pred)
Half-Life Lambda z (HL_Lambda_ z)
Lambda z (Lambda_ z)

Lambda z Lower Limit (Lambda_z_lower)

Lambda z Upper Limit (Lambda_z_upper)

Number of Points for Lambda z (No_ points_lambda_ z)
Correlation Between TimeX and Log ConcY (Corr_XY)
R Squared (Rsq)

R Squared Adjusted (Rsq adjusted)

AUC to Last Nonzero Conc (AUClast)

AUC All (AUCall)

AUC Infinity Obs (AUCINF__obs)

AUC Infinity Obs Norm by Dose (AUCINF_D_ obs)

AUC %Extrapolation Obs (AUC__.Extrap_ obs)

AUC Infinity Pred (AUCINF _ pred)

AUC Infinity Pred Norm by Dose (AUCINF_D_ pred)
AUC %Extrapolation Pred (AUC__.Extrap_ pred)
AUMC to Last Nonzero Conc (AUMClast)

AUMC Infinity Obs (AUMCINEF_ obs)

AUMC %Extrapolation Obs (AUMC__.Extrap_ obs)
AUMC Infinity Pred (AUMCINF_ pred)

AUMC % Extrapolation Pred (AUMC__.Extrap_ pred)
MRT Intravasc to Last Nonzero Conc (MRTlast)

MRT Intravasc Infinity Obs (MRTINF__obs)
MRT Intravasc Infinity Pred (MRTINF_ pred)
Vz Obs (Vz__obs)

Vz Pred (Vz__pred)

Total CL Obs (Cl_obs)

Total CL Pred (Cl_pred)
Vol Dist Steady State Obs (Vss_ obs)
Vol Dist Steady State Pred (Vss_ pred)
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f] 7] Z]: NonCompart

2.1 tbINCA(): A 3= vl 78 24
71 Hol 2= 9 Yt NonCompart mj7]2]2] SAH Q1 75 JYtt. of

o) TS RO 2ol YoM 8. BB A7 Fol X9 u] 78 B4

Theoph_tblNCA <- tblNCA(Theoph)
A= data.frame FEfQIH| YT A7) wj&of A Al A& b E (Chax,
Tmaxa AUClast)El_}_ _g._/\] iy /\E OV\L]E}

Theoph_tblNCA_selected <- Theoph_tblNCA 7>%
select(Subject, CMAX, TMAX, AUCLST) %>%
print ()

## Subject CMAX TMAX AUCLST

## 1 1 10.50 1.12 148.92305
#it 2 2 8.33 1.92 91.52680
## 3 3 8.20 1.02 99.28650
## 4 4 8.60 1.07 106.79630
## 5 5 11.40 1.00 121.29440
## 6 6 6.44 1.15 73.77555
## 7 7 T7.09 3.48 90.75340
## 8 8 7.56 2.02 88.55995
## 9 9 9.03 0.63 86.32615
## 10 10 10.21 3.55 138.36810
## 11 11 8.00 0.98 80.09360
## 12 12 9.75 3.52 119.97750
QlIeofetil g FojAlof Hl-8] 249Ut} gh4=¢17t adns infusion O 2 B}

B AL B 4 9T aurrh F7bE AS B 4 GGUT

Indometh_tblNCA <- tb1NCA(Indometh, key="Subject",
colTime="time", colConc="conc", dose=25,
adm="Infusion", dur=0.5,
concUnit="mg/L", R2ADJ = 0.8)
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2 17| x]: NonCompart

Al A AR AF w2 (Crax, Tmax, AUCHq) T EAID S5 Q5 U

Indometh_tblNCA_selected <- Indometh_tblNCA %>7

select(Subject, CMAX, TMAX, AUCLST) %>%
print ()

##  Subject CMAX TMAX AUCLST

## 1 1 1.50 0.25 1.74125
## 2 2 2.03 0.25 2.93250
## 3 3 2.72 0.25 2.93375
## 4 4 1.85 0.25 2.47750
## 5 5 2.05 0.25 1.95375
## 6 6 2.31 0.25 2.87250
2.2 sNCA()

For one subject
Theoph [Theoph$Subject=="1","Time"]
Theoph [Theoph$Subject=="1","conc"]

#
X
y

sNCA(x, y, dose=320, doseUnit="mg", concUnit="mg/L", timeUnit="h")

## bO CMAX CMAXD
## 2.3687851 10.5000000 0.0328125
#i# CLST CLSTP TLST
#i# 3.2800000 3.2801465  24.3700000
## LAMZLL LAMZUL LAMZNPT
## 9.0500000  24.3700000 3.0000000
## R2ADJ AUCLST AUCALL
## 0.9999995 148.9230500 148.9230500
# AUCIFP AUCIFPD AUCPEO
## 216.6149558 0.6769217  31.2489169
## AUMCIFO AUMCIFP AUMCPEO
## 4505.5348194 4505.6708646 67.6160287
## VZFP CLFO CLFP
##  30.4863228 1.4772963 1.4772757
## MRTEVIFP

## 20.8003683

## attr(,"units")

## [1] nn "mg/L" "mg/L/mg"
## [6] |lmg/L|l ||mg/L n |lh||

1.

14.

-0

216

31

67.

TMAX
1200000
LAMZHL
3043776
CORRXY

.9999999

AUCIFO

.6119330

AUCPEP

.2498763

AUMCPEP
6170065

MRTEVLST

9.

llhll
llh"

7974834

1459.

30.

TLAG

.0000000

LAMZ

.0484570

R2

.9999997

AUCIFOD

.6769123

AUMCLST
0711035

VZFO
4867482

MRTEVIFO

20.

Ilhll
Il/hll

8000305



2.3 sNCA() 9

## [11] "h" "h"

## [16] " "h*mg/L" "h*xmg/L" "hxmg/L" "h*mg/L/mg"
## [21] "h*mg/L" "h*mg/L/mg" "%" "%" "h2*mg/L"
## [26] "h2*mg/L"  "h2*mg/L"  "%" non ngn

## [31] npn lIL/hII llL/hn np" "h"

## [36] "h"

## attr(,"UsedPoints")
## [1] 9 10 11

olujo] A kg3t B (Figure 2.1)
ggplot (Theoph %>% dplyr::filter(Subject == 1),
aes(Time, conc, group = Subject, color = Subject)) +
geom_point(size = 4) + geom_line(size = 1) +
theme_minimal() +
labs(title = 'Oral Administration of Theoph (320 mg) (Subject 1)',
x = 'Time (hour)', y = 'Concentration (ng/mL)')

Oral Administration of Theoph (320 mg) (Subject 1)

10.0
~~
E
=y 7.5
S
.S Subject
=
8 50 @ !
c
[}
(8]
c
S
25

0 5 10 15 20 25
Time (hour)

FIGURE 2.1 Individual concentration-time curves of oral administration of
Theoph (Subject 1)
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TABLE 2.1 Descriptive statistics of selected PK parameters of Theoph oral
administration

n mean sd median min max

Subject* 12 6.500000  3.605551  6.50000  1.00000  12.000
CMAX 12 8.759167  1.472959  8.46500  6.44000  11.400
TMAX 12 1.788333  1.112408 1.13500  0.63000 3.550
AUCLST 12 103.806775 23.645216 95.40665 73.77555 148.923

TABLE 2.2 Descriptive statistics of selected PK parameters of Indometh IV

infusion
n mean sd median min max
Subject* 6 3.500000 1.8708287 3.500 1.00000 6.00000
CMAX 6 2.076667 0.4135537 2.040 1.50000 2.72000
TMAX 6 0.250000 0.0000000 0.250 0.25000 0.25000
AUCLST 6 2.485208 0.5267325 2.675 1.74125 2.93375

2.3 7]1&% A (Descriptive statistics)

RoAE: Bao] nebd 2HAI9He] §4-8 TS SE Qv o) dastul
desc_tbINCAQ) & ARG 7[&EAIE S €7 7+ 4 5Uth (Table
2.1 and 2.2)
desc_tblNCA <- function(tblNCA){
psych: :describe (tb1NCA) 7%>%
select(n, mean, sd, median, min, max)

}

desc_tblNCA(Theoph_tblNCA_selected)
desc_tblNCA(Indometh_ tblNCA_selected)
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o 7] X]: ncar

BIAE BtE= gi7| XAyt A AAH working directoryof 21} m}elo]
A et

3.1 txtNCA()

xtNCA()Z B34 The A7HE 92 4 glauth
txtNCA (Theoph [Theoph$Subject=="1","Time"],

Theoph [Theoph$Subject=="1","conc"],

dose=320, doseUnit="mg", concUnit="mg/L", timeUnit="h")

sele Aasteld the-g Qe
writeLines (txtNCA(Theoph[Theoph$Subject=="1","Time"],
Theoph [Theoph$Subject=="1","conc"],
dose=320, doseUnit="mg", concUnit="mg/L",
timeUnit="h"),
'Output-ncar/txtNCA-Theoph.txt"')

3.2 pdfNCA()

pdINCA()2 pdfe ATE 2 4 g&Uth (Figure 7?)

ncar: :pdfNCA(fileName="0utput-ncar/pdfNCA-Theoph.pdf", Theoph, key="Subject",
colTime="Time", colConc="conc", dose=320, doseUnit="mg",
timeUnit="h", concUnit="mg/L")

## pdf
## 2

11
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Subject=1

Date and Ti:

me:

NONCOMPARTMENTAL ANALYSIS REPORT
Package versiocn 0.4.2 (2019-09-27 KST)
R wversion 3.6.1 (2019-07-05)

2019-11-06 17:50:13 Asia/Seoul

Calculation Setting

Drug Administration: Extravascular

Observation count excluding trailing zero:

Dose at time 0:

320 mg

AUC Calculation Method: Linear-up Linear-down

Weighting for lambda z:

Lambda z selection criterion:

Fitting, AUC, A

UMC Result

Uniform (Ordinary Least Square, O

LS)

Time Cone. Pred. Residual AUC AUMC
0.0000 0.7400 0.0000 0.0000
0.2500 2.8400 0.4475 0.0888
0.5700 6.5700 1.9531 0.8015
1.1200 10.5000 6.6474 5.0654
2.0200 9.6600 15.715%4 19.1383
3.8200 B.5800 32.1354 66.1982
5.1000 B.3600 42.9769 114.4617
7.0300 7.4700 58.2529 206.2815
9.0500 * 6.8900 6.8912 -1.228e-03 72.7565 322.2988
12.1200 * 5.9400 5.9387 +1.324e-03 92.4505 528.5219
24.3700 * 3.2800 3.2801 -1.465e-04 148.9231 1459.0711
*: Used for the calculation of Lambda z.
Calculated Values
CMAX Max Conc 10.5000 mg/L
CMAXD Max Conc Norm by Dose 0.0328 mg/L/mg
TMAX Time of CMAX 1.1200 h
TLAG Time Until First Nonzero Conc 0.0000 h
CLST Last Nonzero Conc 3.2800 mg/L
CLSTP Last Nonzero Conc Pred 3.2801 mg/L
TLST Time of Last Nonzero Conc 24.3700 h
LAMZHL Half-Life Lambda =z 14.3044 h
LAMEZ Lambda z 0.0485 /h
LAMEZLL Lambda z Lower Limit 9.0500 h
LAMZUL Lambda z Upper Limit 24.3700 h
LAMENPT Number of Points for Lambda z 3
CORRXY Correlation Between TimeX and Log ConcY -1.0000
RZ R Sqguared 1.0000
RZADJ R Squared Adjusted 1.0000
AUCLST AUC to Last Nonzero Conc 148.9231 h*mg/L
AUCALL AUC All 148.9231 h*mg/L

FIGURE 3.1 pdfNCA() output

8 7] X]: ncar

Heighest adjusted R-squared value with precision=le-4



3.3 pdfNCA()

Subject=1
AUCLFO AUC Infinity Obs
AUCILFOD AUC Infinity Obs Norm by Dose
AUCLFP AUC Infinity Pred
AUCIFPD AUC Infinity Pred Nocrm by Dose
AUCPEO AUC S$Extrapolation Obs
AUCPEP AUC S$Extrapolation Pred
AUMCLST AUMC to Last Neonzero Conc
AUMCIEFO AUMC Infinity Obs
AUMCIFP AUMC Infinity Pred
AUMCPEO AUMC %Extrapolation Obs
AUMCPEP AUMC % Extrapclation Pred
VZFO ¥z Obs by F
VZFP Vz Pred by F
CLFO Total CL Obs by F
CLEP Total CL Pred by F
MRTEVLST MRT Extravasc to Last Nonzerc Conc
MRTEVIFO MRT Extravasc Infinity Obs
MRTEVIFP MRT Extravasc Infinity Pred

FIGURE 3.2 pdfNCA() output

1459.
4505,
4505.
67.
67.
30.
30.

w©

20.
20.

13

h*mg/L
h*mg/L/mg
h*mg/L
h*mg/L/mg
%

%

h2*mg/L
h2*mg/L
h2*mg/L



14 8 7] X]: ncar

3.3 rtfNCA()

ofo] 2R ATE Eo]A BU/Fs vkl PRI

ncar: :rtfNCA(fileName="rtfNCA-Theoph.rtf", Theoph, key="Subject",
colTime="Time", colConc="conc", dose=320, doseUnit="mg",
timeUnit="h", concUnit="mg/L")
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4.1 plotPK()

M-8 B0 o taket A|ZHsiE ofel f8d An R
7V St off = pkr T7] %] (Bae and Lee 2018)of tiofjA ZpA5] LotH A5
et
library(tidyverse)
library (pkr)
pkr: :plotPK(Theoph, "Subject", "Time", "conc",

unitTime = "hr", unitConc = "mg/L", dose = 320)

## pdf
## 2

4.2 pkr AF2H

pkr §4-2] 71 AAH 7152 plotPk() @4l 9l o §h4e] eIz

=

Kl
o

args (plotPK)

## function (concData, id, Time, conc, unitTime = "hr", unitConc = "ng/mL",
## trt = "", fit = "Linear", dose = 0, adm = "Extravascular",

#it dur = 0, outdir = "Output")

## NULL

Theoph Z}2°] 18-& J2) BHo1E Aol BAH
plotPK(Theoph, "Subject", "Time", "conc", unitTime="hr", unitConc="mg/L", dose=320)

## pdf
## 2

15
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23 7|0h3 5 Output EUE SHI5) 2 AR 17 wtdo] HAH S &
% g
= .

o ./Output//PK Profile Linear Scale for Theoph.tiff
o ./Output//PK Profile Log 10 Scale for Theoph.tiff
o ./Output//PK Profile with CI for Theoph.tiff

Concentration vs. Time Profile of Theoph

. Subject ID
o | . —— 1
—_ - \= AN —— 2
= j<., N 3
g’) o - :\ \-\. —— 4
= ‘/l.k;‘.\:bc -5
c b =8 . —— 6
(] o - | H .§s\ ~ \ —— 7
5 e NN s
_.E \-\.§'§.\ 9
o) < — . —— 10
o ‘ \‘\\;\ . 11
8 ‘ \, 12

Time (hr)

FIGURE 4.1 B3 oF58} wlehv|go} 18 S=-A17 19 (43)

ofll

EQF IR E = o= el o] §31 FHe] PDF o] A= A5

e ./Output//Individual PK Linear Scale for Theoph.pdf
o ./Output//Individual PK Log 10 Scale for Theoph.pdf
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Concentration vs. Time Profile of Theoph

® o Subject ID
LYiEq

¥
i
|

10"
|

Concentration (mg/L)

I I I I I I
0 5 10 135 20 25

Time (hr)

FIGURE 4.2 8 o575 e ge} 18 5547 19 (271)

Concentration vs. Time Profile of Theoph

Mean Cmax: 9.75 mg/L Mean AUClast: 120 hr*mg/L
o Counts in each bin: 12 ¢ Mean
T v ' 95% Cl
E=)
g © - oo ®
c )
2 © - ® 0
o 0
o < o
O
S o
N —]
o o
o | @
I I | I | I
0 5 10 15 20 25

Time (hr)

FIGURE 4.3 B2 o535} slefi g9} 08 B2 SE-A7 18 (271)

17
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4 7] A]: pkr

Concentration (mg/L)

Concentration (mg/L)

10

10

|

Cmax: 10.5 mg/L

Subject ID 1
AUClast: 149 hr*mg/L

~ .
\ .
\ .
T T T T T T
5 10 15 20 25
Time (hr)
Subject ID 3

Cmax: 8.2 mg/L

AUClast: 99.3 hr*mg/L

o He—

Time (hr)

Concentration (mg/L)

Concentration (mg/L)

10

10

0

Cmax: 8.33 mg/L

Subject ID 2
AUClast: 91.5 hr'mg/L

N
N .
N
.
.
.
. \
.
.
T T T T T T
0 5 10 15 20 25
Time (hr)
Subject ID 4

Cmax: 8.6 mg/L

AUClast: 107 hr*mg/L

f\\.
!
:

FIGURE 4.4 oF53}

SELEE!

7



|=2)
4.2 pkr AFE-H]
Subject ID 1 Subject ID 2
Tmax:1.12 hr Half-life: 14.3 hr Tmax: 1.92 hr Half-life: 6.66 hr
21 .,-.\...\.‘.\' e 1 ...\.\.\.
\ ~e
! o ~.
= =
> 5 .
. 3 \
T 21 T 21 .
2 ° =
s 8
g g
5 5
o _ o -
£ e £ e
o - o -
2 2
F =
G+ L+
- T T T T T T . T T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)
Subject ID 3 Subject ID 4
Tmax: 1.02 hr Half-life: 6.77 hr Tmax: 1.07 hr Half—life: 6.98 hr
°q . °q ..
ST /T~
. — . —~—
- i {
- > . - D 4 L4
s 7 s
s ]
k=3 =4
8 8
5 5
o . S
5 o g o
8 8
£ £
] F
1) )
- T T T T T T - T T T T T T
0 5 10 15 20 25 0 5 10 15 20 25
Time (hr) Time (hr)

FIGURE 4.5 oF53}

utetr| e e oA BAEE FE-AR 9 (2)

19
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5.1 shiny ¥

LEEERIER E R E e

e

% e VL ApstasU
e Han, S. (2017) pkrshiny: Noncompartmental Analysis using pkr R package
Shiny application. URL: https://asan.shinyapps.io/pkrshiny
7 9] eFgshat PeE Wok shiny Y= FTEHAL.
e Han, S. (2017) Pharmacokinetic Simulation of one-compartment Models.
URL: https://asan.shinyapps.io/pklc/
e Han, S. (2017) caff: Monte Carlo Simulation of Caffeine Shiny application.
URL: https://asan.shinyapps.io/caff
e Han, S. (2016) vtdm: Vancomycin TDM Shiny application. URL: https:
//asan.shinyapps.io/vtdm

5.2 A¢¥

mj7] ]9} T BE O] B2 shan@catholic.ac.kr / 02-2258-7882 0.2 <
Al w2 =8 =2l ZlG Ut 3-8 StackOverflow'of] gojz2 A& 27
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