Transl Clin Pharmacol

2019;27(2):73-79
https://doi.org/10.12793/tcp.2019.27.2.73

PKconverter: R package to convert the
pharmacokinetic parameters

Hyeseon Cho and Eun-Kyung Lee*

Department of Statistics, Ewha Womans University, Seoul 03760, Korea

*Correspondence: E. K. Lee; Tel: +82-2-3277-6857, Fax: +82-2-3277-3607, E-mail: lee.eunk@ewha.ac.kr

’ '.) Check for updates

Received 25 Feb 2019
Revised 19 Mar 2019
Accepted 2 Apr 2019

Population pharmacokinetic analysis and modeling procedures typically require estimates of both
population and individual pharmacokinetic parameters. However, only some of these parameters

are contained in models and only parameters in the model can be estimated. In this paper, we intro-

duce a new R package, PKconverter, to calculate pharmacokinetic parameters using the relation-
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ships among them. After fitting the model, other parameters can be calculated from the functional
relationship among the parameters. PKconverter provides the functions to calculate whole pa-

rameters along with a Shiny application for converting the parameters. With this package, it is also

R possible to calculate the standard errors of the other parameters that are not in the model and esti-

Shiny
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Pharmacokinetics (PK) is the study of drug absorption, distri-
bution, metabolism, and excretion. PK models explain how drug
concentration changes as a drug moves through the different
compartments of the body. An understanding of basic PK pa-
rameters is essential for PK modeling and analysis. All param-
eters are considered, but only some are used by models. Those
not used can be calculated from the parameters in the model
using the functional relationships among the PK parameters.

After fitting the PK model, the estimated parameters can be
converted to other parameters using their functional relations.
Most modelers use the “Convert.xls” file provided by Shafer
(1999) at www.nonmemcourse.com to convert pharmacokinet-
ic parameters in one-, two-, or three-compartment models. The
Microsoft Excel file consists of five different calculation sheets,
each of which has different input and output parameters. A user
can choose the sheet according to the known input parameters
and the number of compartments in the model and then input
estimated parameters. The other parameters are returned by the
spreadsheet.
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mate individual parameters simultaneously.

Several difficulties are associated with this tool. First, Micro-
soft Excel is commercial software. Second, while the converted
parameters are in the spreadsheet and the numbers can be
checked, it is not easy to use these numbers for further analy-
sis without typing them into another file. Third, even though
it provides converted parameters in a spreadsheet for a given
population parameter, it is sometimes necessary to know indi-
vidual PK parameters. With this Excel file, we can convert only
one set of parameters for one individual at a time. To convert a
set of parameters for all individuals, the estimated parameters
for one individual must be entered, the results checked, and the
procedure repeated for each individual. Fourth, this Excel file
does not provide the approximate standard error of converted
parameters.

To address these limitations, we developed a new R package,
PKconverter. This package provides the user with the con-
verted parameters and the approximated standard error of the
converted parameters using the delta method. It also converts
individual parameters with the standard errors simultaneously
and can save the entire result as a single file. With the Shiny [1]
graphical user interface (GUI), a novice R user can easily cal-
culate the converted parameters. PKconverter (https://cran.
r-project.org/web/packages/PKconverter/index.html) is on R
repository CRAN and everyone can download freely and use
it. We also put this on the web (https://ek-lee.shinyapps.io/PK-
converter/) that the user can use on the web without install R or
PKconverter packages.
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Here we first introduce the pharmacokinetic models and
parameters, and the relationships among the pharmacokinetic
parameters in each compartment model. We then explain the
delta method and how to use it to calculate the approximated
standard errors of the converted parameters. Finally, we de-
scribe how to convert the parameters with the several types of
input parameters. We also introduce the Shiny application in-
terface for PKconverter.

PK studies the time course of drug concentration in different
body spaces and the relationship between concentration and
the time course of drug action.[2-7] Drug absorption, distribu-
tion, metabolism, and elimination are fundamental aspects of
pharmacokinetic modeling and analysis. The pharmacokinetic
model explains the transfer of a drug from its absorption site to
the body and the various steps involved in the distribution and
elimination of the drug in the body. It is essential to check and
interpret all pharmacokinetic parameters.

The volume of distribution (V) defines the apparent space or
volume that a drug distributes. Clearance (CL) defines the vol-
ume of blood that is completely cleared of drug content per unit
time. It describes the capacity of irreversible elimination of a
compound from plasma and is a consequence of a combination
of perfusion, diffusion, filtration, metabolism, and transport
processes of the clearing organ. The elimination rate constant (K)
relates to the amount of drug in the body that is eliminated per
unit of time. The half-life of the drug (t1/2) is the time required
to reduce by half the amount of a drug remaining in the body.
A fractional coefficient is defined as a true coefficient multi-
plied by the volume of distribution. The sum of all fractional
coeflicients is always 1; for example, for a three-compartment
model, EA + EB + EC = 1. The exponents a, 3, and y represent
the slopes of the decay in the plot of drug concentration vs.
time. The half-lives are calculated by log(2) divided by the cor-
responding exponents.

Although all PK parameters should be considered for analysis,
only some of these parameters are used in the model, and the
others can be calculated by the functional relations with them.
Therefore, after fitting the pharmacokinetic model, the other
parameters must be calculated with these estimated parameters,
which are not used in the model.

In pharmacometrics, the compartmental model is categorized
by the number of compartments needed to describe a drug’s
absorption, distribution, metabolism, and excretion in the
body.[8] There are one-, two-, and three-compartment models.
These models are used to predict the time course of drug con-
centrations in the body. In a one-compartment model, C, is the
drug concentration at time t, C, is the initial concentration, and
K, is the elimination rate.

In the pharmacometrics area, a basic type of model is the
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compartmental model that is categorized by the number of
compartments needed to describe the drug’s absorption, dis-
tribution, metabolism, and excretion in the body.[8] There are
one-compartmental, two-compartmental, and multi-compart-
mental models. We usually use up to three-compartmental
model. These models are used to predict the time course of drug
concentrations in the body. The one-compartmental model is

C, = CoeFot 1)
= Ae %, ()

(2) is the general form of the one-compartment model. A is
the true coefficient, and a is the exponent. These two param-
eters have functional relation with various pharmacokinetic
parameters V1, CL1, K, t, , ., etc.

Vl—1 CL1 =
=1 =

log2
tijge = — Vdg = V1 =

For example, a one-compartment intravenous bolus model
can be represented in three ways:

Ct — Dosee—Kwt (3)
Vi
— Dose-Kloe_Kwt (4)
CL1
CL1
— Dose E_Wt , (5)
Vi

where CL1 is the clearance, V1 is the volume of distribution,
and K, is the elimination rate constant. Because the pharma-
cokinetic parameters V1, CL1, and K, have a functional rela-
tion of CL1 = V1 - K, the model equation can be represented
by various form with only two pharmacokinetic parameters,
and the other parameters can be found after fitting one of three
equations. Figure 1 and Figure 2 provide the plots of the func-
tional relationships among the pharmacokinetic parameters.

The general form of the two-compartmental model is

C, = Ae ™% + Be Pt

where A or B is used for C, in the one-compartmental model,
and « or f3 are used for the elimination rate. With these four
parameter estimates, 12 more parameters can be calculated with
the following equations:

_ Aa+Bg _ aB _ _ _aB

K = —05> Ko = Koy’ ki = a + B-ky o

V1l = ! V2 = Vl( + K. aﬁ) Vdge = V1+V2
= axp 2T gp\@tE ) Vs = '
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CL1 = V1x Ky, CL2 = V2 X Ky,

log2 log2
tij2a = o tipp = T,
F.A=AXV1, F.B=BXxV1.

Similar relations can be defined in the three-compartment
model.

Table 1 summarized important pharmacokinetic parameters
in each compartmental model and Table 2 summarized input
parameters for each compartmental model in each spreadsheet
in Shiner’s “Convert.xls” file.

Delta method

In pharmacometrics, the maximum likelihood estimation
(MLE) of a PK parameter can be found with NONMEM or

one comp: V1, Cl1, and k10
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Figure 1. The relationship among PK parameters? V1, CI1, and k10 in
one compartment model.

Table 1. Important pharmacokinetic parameters in each compartment model

Hyeseon Cho and Eun-Kyung Lee

other software. Most software involved in generating estimates
of PK parameters is based on maximum likelihood theory. If 6
is the PK parameter and 8 is the MLE of 6, then, by the proper-
ties of MLE,[9,10]

V(8 - 6)~N (0,Var(8)).

To calculate the other PK parameters that are the functions of
MLEs, let £ (0) be the other PK parameters. The estimate of f{0)
is f (8) - f(0) and Var(f(0)) = £ ()’ Var(), the delta method.[11]
If the dimension of 6, q, is greater than 1,

Var(f(®)) = 60 "Var(8)G(9)

where G(8) = 6/;_(900 , q-dimensional vector.
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Figure 2. The relationship among PK parameters? V1, CI1, and t_al-
pha in one compartment model.

Two compartment Three compartment

Type One compartment
Volume of distribution V1
Vdss Vd,,
Clearance CLA1
Rate constant Kio
Half-life tioa
True coefficient A
Fractional coefficient F.A
Exponent a

V1, V2 V1, V2, V3
Vd,, Vd,,
CL1, CL2 CL1, CL2, CL3
Ko, Kiz, Ko Ko, Kig, Ko, Kis, Kag
i ting bioe tiops iy
A B A B, C
F.A, F.B F.A, F.B, F.B
a,p aB.y
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Population parameter convert

We provide five different models with known parameters for
three kinds of compartment models. In the following subsec-
tion, we summarize the input and output parameters of each
model. We then provide functions to calculate PK parameters
with the approximated standard errors and supply a Shiny ap-
plication for each model. Table 2 lists input parameters and R
function names for each model.

Model 1 uses the volume of distributions and the clearances as
the input parameters. For one-compartmental model, with the
known parameters V1 and CL1, the other parameters can be
calculated with the following equations:

Vdg = V1, A = -, a=CV—111,
t _ gz _ log2 Vi ki = i F.A=A-V1
1/2a = K10 = log ci w0 = A=

For the two-compartmental model, with the know parameters
V1, V2, CL1, and CL2, we can calculate the others:

i1 ciz ciz
Vdg = VI + V2, kio = S5 kiy = 52, hyy = 52
ag = kyokar, a1 = — (ko + kaz + k1),
—a; ++a,% —4ay —a, —+Ja,? — 4a,
a = , B = ,
2 2
ky —a 1 kyy — B 1 log2 log2
A= — B= — X — = — = —
= Vi’ «—p Vi’ ti2a P tijap B
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For the three-compartmental model, the following equations
can be used:

Vdg = V1 + V2 + V3,

cl1 cl2 Cl3 cl2 Cl3

o=y ke =y ke =y ke =g ke =y

_ (ky1 — a) (k3 — @)
Vi(a=B)(a—y) '

_ Gea = P)ks = B)
ViE-aB-1

log2 log2 log2
ti20 = o tijzp = T

_ (ka1 —y) (k31 —y)
Vi -y -8’

where a,f,y are determined by size order of root,, root,, root,
from the largest to smallest.

-7 .o2m\  a . Am\ a,
root, = —r, cos(phi) + 3 ,T00t; = =T, COS (phl + ?) + 3 ,T00t; = —T,C0S (pht + ?) + 3

@y = kyokaiksi, @y = kyokas + kaiksy + kaikis + kigkyy + ksikas,

Ay = ki + Kz + Kiz + kg + K3y,

a,? 2a,°  aja,
L N i R B
R hi_lams(_i) b = 2 exp [ 1090
1= 27'P =3 2r1'2_ P 3 .

Model 2 uses the volume of distribution of 1st compartment
and rate constants, model 3 uses the volume of distribution
and the clearance of the 1st compartment and half-lives, model
4 uses the coefficients and exponents, and model 5 uses the
volume of distribution of the 1" compartment, exponents, and
some of the rate constants. The detailed formula to calculate the
other parameters are in.[12]

Table 2. Summary of input parameters and function names in each compartment in each model

Model Compartment Input
1 V1, CLA1

V1, V2, CL1, CL2

V1, Ky
V1, Ko, Kig, K

CL1, ty.

A a
A B, ap
AB,C,q B,y
V1, a
V1, Ky, o, B

W N =2 W N =2 WN =2 WN =W DN

V1, V2, V3,CL1, CL2, CL3

V1! K10! K12! K211 K13! K31

V1, CLA, b bing
V1, CL1, by, by iy Vs

V1, K, Koy, @, B,y

Function name
OneComp_Volume_Clearance
TwoComp_Volume_Clearance
ThreeComp_Volume_Clearance
OneComp_Volume_RateConstant
TwoComp_Volume_RateConstant
ThreeComp_Volume_RateConstant
OneComp_Volume_Clearance_HalfLife
TwoComp_Volume_Clearance_HalfLife
ThreeComp_Volume_Clearance_HalfLife
OneComp_Coefficient_Exponent
TwoComp_Coefficient_Exponent
ThreeComp_Coefficient_Exponent
OneComp_Volume_Exponent
TwoComp_Volume_Exponent

ThreeComp_Volume_Exponent
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Results

For each model and each compartment, we provide an R func-
tion. The function names for each model in each compartment
are supplied in Table 2. For one-compartmental model with

For the two-compartment model with Model 1,

TwoComp_Volume_Clearance(V1=5,V2=50,C11=3.5,C12=2.5,
V1.sd=0.01,V2.sd=0.1,C11.sd=0.01,C12.sd=0.01)

. . H# Parameter Estimate Std.err

Model 1, OneComp_Volume_Clearance function is used as fol- o Vdss Vdss 55.600000000 1.004988¢-01
lows: ## V1 V1 5.000000000 1.000000e-02
## V2 V2 50.000000000 1.000000e-01

OneComp_Volume_Clearance(V1=8,C11=4,V1.sd=0.01,C11.5d=0.01) ## Cl1 Cl1l 3.500000000 1.000000e-02
o T T ## C12 Cl2 2.500000000 1.000000e-02
## Vdss Vdss 8.000000 0.010000000 ## k1o k10 ©.700000000 2.441311e-03
## V1 V1 8.000000 ©.010000000 ## k12 k12 ©.500000000 2.236068e-03
## Cl1 Cl1 4.000000 ©.010000000 ## k21 k21 ©.850000000 2.236068e-04
## k1o k10 ©.500000 ©.001397542 ## alpha alpha 1.221343022 3.765020e-03
## alpha alpha 0.500000 ©.601397542 ## beta beta ©.028656978 9.280865e-05
#i# t-alphat =t alphaiil.386294 10003874811 ## t_alpha t_alpha ©.567528670 1.749514e-03
x :::i—ﬁ :::‘2—2 g:;ggggg g:gg;gggggg ## t_beta t_beta 24.187727779 7.833451e-02
- - ## True_A True_A 0.196421016 4.007910e-04

## True_B True_B ©.003578984 2.157918e-05

## Frac_A Frac_A ©0.982105079 1.140066e-04

## Frac_B Frac_B ©.017894921 1.140066e-04

odel 1 Model 2 Model 3 Model 4 odel 5 Indiv. Parameter Converter

PK Parameter Converter

Select your model

MODEL TYPE :
® One compartment model

Model 1: Volumes and Clearances

Two compartment model

One compartment model

0 Three compartment model

Parameter Estimate  Std.err

Volume Vdss 8.0000 0.0100

Enter your estimate and std.err Vi 80000 00100

elans Cleamace cit 40000 00100

Micro Rate Constant k10 0.5000 0.0014

Exponent alpha 0.5000  0.0014

¥1 Extimein discanl Half-lives t_alpha 13863 00039

8 0.01 True Coeffficient True_A 01250  0.0016

CI1 Estimate CH Stdeerr Fractional Coefficient  Frac_A 1.0000 0.0000
4 0.01

Save results as a file

File type:

® Excel (CSV)
Text (tab separated)
Text (Space Separated)

& Save results to file

Figure 3. Main GUI of Shiny application for Pharmacokinetic Parameter Converter - Model 1.
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Web Interface

We provide a Shiny application[1] to accompany the R pack-
age. Figure 3 shows the main GUI of a Shiny application for a
pharmacokinetic parameter converter with a Model 1 tab. There
are five tabs in this application, and each model consists of one
model. The user can choose a one, two, or three-compartment
model from the "MODEL TYPE" radio button. After entering
the values of the volume of distributions and clearances, the
gray-shaded output area is automatically changed as it calcu-
lates the other parameters. PKconverter then calculates the
standard errors of each parameter using the delta method. In
the "Covariance" tab, the covariance between the volume of
distribution and the clearance can be entered and considered in
the calculation of the standard errors of the other parameters.

PK Parameter Converter  Model1  Model2  Model3  Model 4

Select your compartment model
MODEL TYPE :

® One compartment model
_ Two compartment model

Three compartment model

Select your input data type

DATA TYPE :
# Model 1: Volumes and Clearances
) Model 2: V1, Rate Constants
Model 3: V1, Vdss, ClI, half-lives
Maodel 4: Coefficients and Exponents
_) Model 5: V1,Exponents,K21,K31

Open your individual PK parameters
File should be saved as CSV

Browse... test-data.csv

Match PK parameters

D

ID -
V1

V1 hd
cH

CL -

Model 5

1CP

Transl Clin Pharmacol

Individual parameter converter

Figure 4 is the GUI for converting individual parameters si-
multaneously. After selecting the compartment model and data
type, users can upload an individual pharmacokinetic param-
eter file. After matching the name of input PK parameters with
the user’s input file, the other parameters are automatically cal-
culated and presented. The user can save these results as a file.

Discussion

In this paper, we introduce a new R package, PKconverter,
to calculate pharmacokinetic parameters using the relationships
among them. After fitting the model, other parameters can be
calculated from the functional relationship among the param-
eters. PKconverter provides the functions to calculate whole

Indiv. Parameter Converter

& Save individual parameters to file

ID Vdss v1 cn k10  alpha t_alpha True_A Frac_A

1.00 016 016 0.03 047 0.17 4.16 6.19 1.00
2.00 021 021 003 0.12 0.12 579 4.66 1.00
3.00 028 028 004 014 0.14 4.98 3.56 1.00
4.00 037 037 0.04 0.10 0.10 6.68 272 1.00
5.00 020 029 0.04 0.15 0.15 4.62 3.43 1.00
6.00 023 023 003 014 0.14 4.82 4.42 1.00
7.00 037 037 005 0413 0.13 5.40 2.74 1.00
8.00 030 030 0.04 014 0.14 4.96 3.33 1.00
9.00 026 026 003 013 0.13 5.21 3.81 1.00
10.00 020 020 003 014 0.14 4.98 4.95 1.00
11.00 0.05 0.05 0.02 0.32 0.32 2.18 20.91 1.00
12.00 0.04 0.04 0.01 0.34 0.34 2.06 2437 1.00
13.00 010 010 0.02 025 0.25 2.82 10.10 1.00
14.00 010 010 0.02 0.22 0.22 3.13 10.24 1.00
15.00 005 0.05 0.02 036 0.36 1.91 20.98 1.00
16.00 015 045 0.03 0.19 0.19 3.74 6.65 1.00
17.00 0.14 014 0.02 0.8 0.18 3.88 7.28 1.00
18.00 0.14 014 0.03 0.22 0.22 3.20 7.04 1.00
19.00 015 045 0.03 0.19 0.19 3.67 6.67 1.00
20.00 018 018 0.03 0.15 0.15 4.69 5.41 1.00
21.00 016 016 003 0.16 0.16 433 6.38 1.00
22.00 015 045 0.02 0413 0.13 5.20 6.65 1.00
23.00 022 022 003 014 0.14 5.06 4.52 1.00
24.00 0.07 0.07 0.01 0.20 0.20 3.49 13.83 1.00
25.00 0.20 0.20 0.02 0.09 0.08 7.46 4.96 1.00
26.00 012 012 002 0.15 0.15 4.54 8.08 1.00
27.00 0.13 0.13 0.02 0.13 0.13 526 7.68 1.00

Figure 4. Main GUI of Shiny application for Pharmacokinetic Parameter Converter - Individual parameter converter.
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parameters along with a Shiny application for converting the
parameters. With this package, it is also possible to calculate the
standard errors of the other parameters that are not in the mod-
el and estimate individual parameters simultaneously. It can be
convenient not only for calculating population parameters but
also for calculating individual parameters. To check the reli-
ability of the calculations in this package, we compare the result
of the converted parameters with the pmxTools package. The
pmxTools package provides the functions to convert the pa-
rameters. However, these functions do not provide the standard
errors of converted pharmacokinetic parameters. To confirm
the reliability of the calculation of the converted parameters, we
use Theoph data and nlme functions in the nlme package. The
results are provided as supplementary materials.

This package can read an input file with individual parameters
and convert them simultaneously. All results in the Shiny appli-
cation can be saved as an output file. With this saved file, we can
easily use the calculated parameters for further analysis. PK-
converter (https://cran.r-project.org/web/packages/PKcon-
verter/index.html) is on R repository CRAN and everyone can
download freely and use it. Shiny app is also on the web (https://
ek-lee.shinyapps.io/PKconverter/) that the user can use on the
web without install R or PKconverter packages. We hope that
this package can help pharmacometricians analyze and under-
stand the compartmental models.

This research was supported by Basic Science Research Pro-
gram through the National Research Foundation of Korea (NRF)
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