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1 Compartmental model

In the pharmacometrics area, a basic type of model is the compartmental model
that is categorized by the number of compartments needed to describe the drug’s
absorption, distribution, metabolism, and excretion in the body. There are
one-compartmental, two-compartmental, and multi-compartmental 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, = Cpe Kot (1)
= Ae ™ (2)

where C} is the drug concentration at time t, Cj is the initial concentration, and
K is the elimination rate. (2) is the general form of one compartmental model.
A is called the true coefficient and « is called as the exponents. These two
parameters have functional relation with various pharmacokinetic parameters -
V]., CL]., Klo, tl/Zaa etc.
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For example, one compartmental intravenous (IV) bolus model can be rep-



resented in these three ways:
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where C'L1 is the clearance, V1 is the volume of distribution, and K¢ is the
elimination rate constant. Because the pharmacokinetic parameters - V1, CL1
and Ky - have the functional relation, CL1 = V1 - Ko, the model equation
can be represented by various form with only two pharmacokinetic parameters
and we can find the other parameters after fitting one of three equations. If we
estimate V1 and Ko from the model (3), we can calculate the other pharma-
cokinetic parameters with the following equations:

Ct =

CL1 = V1K,

@ = KlOa
tijz,a = log(2)/a,
1
A = VI’
Fractional A = A-V1. (6)

The general form of the two compartmental model is
Cy = Ae ' + Be P, (7)

where A or B is used for Cj in the one compartmental model, and « or 3 are used
for the elimination rate. With these four parameter estimates, we can calculate
the whole parameters - 12 more parameters - with the following equations:

Ao+ BfS ap af
Ky = 20%0F8 _ P K= Koy - 22
21 A1 B 0= o r=a+p 2,
1 Vi af
Vi = ——— V2= — — Koy — — Viss = V1I+V2
1B’ o (Oé+5 21 K21)7 dss +
CLl = V1-Ky, CL2=V2 Ky,
ti2a = log(2)/a, ti)2,3 = log(2)/8,
FA = A-V1, F.B=B-VI1.

We can define similar relations in the three compartmental model.

Shiner (1999) provided “Convert.xls” file from the web site www.nonmemecourse.com.
He uses 5 different spreadsheets and each spreadsheet has different input pa-
rameters and calculate the other pharmacokinetic parameters from one to three
compartment model. Table 1 summarized important pharmacokinetic parame-
ters in each compartment model and table 2 summarized input parameters for
each compartment model in each spreadsheet.



Table 1: Important pharmacokinetic parameters in each compartment model

Type one comp | two comp three comp

Volume of distribution | V1 Vi, V2 Vi, V2, V3

Vdss Vdss Vdss Vdss

Clearance CL1 CL1,CL2 CL1,CL2, CL3

Rate constant KlO K107 Klg, K21 K107 K]_Q, K217 Klg, Kgl
Half-lives t1/2,a t1/2,05 t1/2,8 t1/2,05 t1/2,8> t1/2,4

True coef. A , A B, C

Fractional coef. F.A F.A F.B F.A F.B, F.C
Exponents « a, B a, B,

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

in each model

Model | comp input function name
1 1 V1, CL1 OneComp_Volume_Clearance
2 V1, V2 CL1, CL2 TwoComp_Volume_Clearance
3 V1, V2, V3, ThreeComp_Volume_Clearance
CL1,CL2,CL3
2 1 V1, Kio OneComp_Volume_RateConstant
2 V1, Ky, K12, K21 TwoComp_Volume _RateConstant
3 V1, Ky, K12, ThreeComp_Volume RateConstant
Koy, K3, K31
3 1 CL1, t1/2,a OneComp_Volume_Clearance_HalfLife
2 V1, CL1, t1/3.4; ti/2,8 TwoComp_Volume_Clearance HalfLife
3 V1, CL1, t13,a, ThreeComp_Volume_Clearance HalfLife
t1/2.8, t1/2,45 Viss
4 1 A« OneComp_Coefficient_Exponent
2 A B,a,p TwoComp_Coefficient_Exponent
3 A, B, C, ThreeComp_Coefficient Exponent
a, B,y
5 1 V1, « OneComp_Volume_Exponent
2 V1, Ko1, o, B TwoComp_Volume_Exponent
3 V1, Ko, K31, ThreeComp_Volume_Exponent
a, B,y




1.1 Delta method

In the pharmacometric area, we find the MLEs of the pharmacokinetic param-
eters with NONMEM or other softwares. Most softwares to find the estimates
of the PK parameter are based on the maximum likelihood theory. Therefore
we can get the MLE’s of the PK parameters. Let 6 be the PK parameter and
6 be the MLE of 6. Then,

V(9 —8) ~ N(0,Var(9)) (®)

by the properties of MLE. In our situation, we have to calculate the other
PK parameters that are the functions of MLE’s. Let f(6) be the other PK

parameters. Then, the estimate of f(0) is f(0) = f(f) and zVar(f(0)) =
f(0)?Var(9), by delta method. If the dimension of 6, g, is greater than 1,

Var(f(8)) = G(8)"Var(6)G(6), (9)

where G(0) = 8(;‘;;?), g-dimensional vector.
In this package, we use this delta method to calculate the approximate stan-
dard error of estimates of the other pharmacokinetic parameters.

2 Population parameter convert

We provide five different models with known parameters. There are three kinds
of compartment model in each model. In the following subsection, we sum-
marise the functional relation between input and output parameters of each
model. We provide functions to calculate pharmacokinetic parameters with the
approximated standard errors and a shiny app for each model. Table 2 shows
input parameters and R function names for each model.



2.1 Modell: Volumes and Clearances
2.1.1 One-compartmental model

* Input parameters: V1,CL1

Vdss = Vla
1
A = —
V1’
_ CL1
C T v
log 2 Vi
T, = =log2 - ——
1/2,a Ko 0og CL1’
CL1
Koy = —
10 Vi )
FractionalA = A-V1=1.
2.1.2 Two-compartmental model
* Input parameters: V1,V2,CL1,CL2
Viss = V14+V2,
1% _CL1 _CL2 _CL2
0= P 125 215 o
= CL1 i u 77(CL1+CL2+CL2)
o T yi b Vv Tvr T vae s
o = —a1+\/a12—4a0 3= —a1 —\/a12—4a0
N 2 ’ B 2 ’
C c
A = % -« B = % — 5
(B—a)V1’ (a = B)V1’
; _ log2 . _ log2
/2,00 = o 1/2,8 = 5
2.1.3 Three-compartmental model
* Input parameters: V1,V2,V3,CL1,CL2,CL3

Viss = V1+V24V3,

K o con _CL2 _CL3 _CL2 o CL3
10 — Vla 12_V17 13_V17 21_V27 31_V27
A - (K21 — ) (K31 — «) B (Ka1 — B) (K31 — B) C— (K21 — ) (K31 —7)

Vi(a—B)(a—7) "’ VI(B—a)(B—n) " Vi(y —a)(vy—8) ’
log 2 log 2 log 2
l1/2,0 = o t1/2,8 = 5 tijay = —-



a, B, and ~ are determined by size order of rooty, roots, and roots from the
largest to smallest.

root; =

roots =
ag =
ay =

az

p =

2
—racos(¢) + a—;, rooty = —rq cos(¢ + ?ﬂ) + %,

4 as
—rycos(¢ + ?) + 3
Ko - Ko1 - K31,
K- K31 + Koy - K31 + Koy - K13+ Ko - Ko1 + K31 - K2,
Ko+ K2 + K13 + Ko1 + K3y,

(122 2&22 ai - as 1 q
a; — —, 1=—%—~—5  ~ o ¢ = - arccos 5, )

_» ro = 2exp (%) : (10)

PK Parameter Converter  Model 1 Model2  Model3  Model4  Model 5 Indiv. Parameter Converter

Select your model
MODEL TYPE - Model 1: Volumes and Clearances

@® One compartment model

© Two compartment model

© Three compartment model One compartmenl model
Parameter  Estimate  Std.err
Volume Vdss 80000  0.0100
Enter your estimate and std.err vi 80000 00100
Covariance Clearnace cn 40000 0.0100
Micro Rate Constant k10 0.5000 0.0014
Exponent alpha 05000  0.0014
V1 Estimate Vi Stderr Halflives t alpha 13863 00039
8 0.01 True Coefficient True A 01250  0.0016
CI1 Estimate CH std.err Fractional Coefficient ~ Frac_A 1.0000 0.0000

4 001

Save results as a file

File type:

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

& Save results to file

Figure 1: Main GUI of Shiny App for Pharmacokinetic Parameter Converter-

Model 1.



2.2 Model 2: V1 and Rate constants
2.2.1 One-compartmental model

* Input parameters: V1, K

Vdss = V17
CL1 = V1K,
1
A = —
V1’
o = K107
log 2
12,0 = i

2.2.2 Two-compartmental model

* Input parameters: V1, Kqqg, K12, Ko7

Vi K
Vo, = =B V4 =V14V2,
Ko
CLl = V1-Ky, CL2=V1-Kyp,
) 1 [ Ka—3 ((K10+K12+K21)+\/(K10+K12+K21)2—4K10K21)
vl —/ (K10 + K12 + K21)2 — 4K10K21
5 1 [ Ka—3% ((K10+K12+K21)*\/(K10+K12+K21)2*4K10K21)
- =/ (K10 + K12 + K21)? — 4K10K21
1
« 5((K10+K12+K21)+\/(K10+K12+K21)2*4K10K21),
1
B 5((K10+K12+K21)*\/(K10+K12+K21)2*4K10K21),
log 2
t1/2,a ,
((KIO + K12 4 Ko1) + /(K10 + K12 + K21)% — 4K10K21)
log 2
tijpp =

((Kw + K2+ Kop) — \/(Klo + K12 + K21)% — 4K10K21)

2.2.3 Three-compartmental model

* Input parameters: Vl, K107 Klg, K21, K13, K31



Vi Ko Vi-Kis

Vo = ——, V3= —r—, Viss =V1+V2+ V3,
Ko K
CLl = V1 Ky, CI2=V1-Kp  CL3=VI1-Kis,
4 - Han—a)(Ks—a) g~ B2 = B)(Es —f)

Vi(a—B)(a—-7) "’ O VIB-a)(B—7)
(Ka1 — y(K31 — )

Cc = ;
Vi(y —a)(y = 8)
¢ _ log2 . _log?2 . __log?2
1/2,00 = o 1/2,8 — 6 ’ /2,y = vy :

a, 8 and ~ are determined by equation (10).

PK Parameter Converter ~ Model 1 Model2 ~ Model3  Model4  Model5  Indiv. Parameter Converter

Select your model

MODEL TYPE : Model 2: V1, Rate Constants
® Onecompanmem model

© Two companmem model

© Three compartment model One compartment model
Parameter Estimate Std.err
Volume Vdss 8.0000 0.0100
Enter your estimate and std.err Vi 80000 0.0100
Estimate/Stderr | Covariance caas €x I e
Micro Rate Constant k10 0.4000 0.0010
Exponent alpha 0.4000 0.0010
V1 Estimate V1 Stderr Halflives {_alpha 17320 00043
8 0.01 True Coeffficient True A 01250  0.0002
K10 Estimate K10 Std.err Fractional Coefficient ~ Frac_A 1.0000 0.0000

04 0001

Save the result as a file

File type:

® Excel (CSV)

© Text (tab separated)

© Text (Space Separated)

& Save results to file

Figure 2: Main GUI of Shiny App for Pharmacokinetic Parameter Converter-
Model 2.



2.3 Model 3: V1, Vdss, CL1 and Half-lives
2.3.1 One-compartmental model

* Input parameters: CL1,t; /5 4

log 2

a = ,
t1/2,a
CL1 -t1/9.4

Vi = 71/1, Vdss:VL

log 2

log 2

Ky = i,
t1/2,a
1

A = —.
Vi

2.3.2 Two-compartmental model

* Input parameters: V1,CL1,ty/3.q,t1/2,3

_ log2 _ log2
t1/2,0 tijop’
V2 = Vix =22V, =VI1+V2,
Ko

2
CLo — V1<10g2 n log2  CL1 ( (log 2) +1)>’
t1/2,0  t1/2,8 V1 \t1/2,at1/2,8

CL1 log 2 log2 CL1 log 2)?
Ko = Vi Ko = - ( ) +1
ti/2,0  tijzs V1 \lti2ati/28
log2)? CL1
Ko = _(log2)” 7
t1/2,at172,8 V1
(log2)? cL1 _ log2 (log2)®> L1 _ log2
A = ti/2,at1/2,8 V1 t1/2,a 1 B— ti/2,ati/2,8 V1 ti/2,8
- log2  log?2 ﬁ’ - log2  log2
t1/2,0 ti/2,8 t1/2,a ti/2,8

2.3.3 Three-compartmental model

* Input parameters: V1, Vyss, CL1,t1/2.,t1/2,8:t1/2,4



log 2 _ log2 _ log2

B t1/2,0° B ti2,8’ 7= ti2,y
K K
V2 = Vix —2, V3=VIx=—-"  Vy=VI1+V2+V3,
Ko K3
cL2 = Vi1 XK12 N CL3=V1 ><I(137
CL1 f +root f —root
10 Vi 21 5 31 5
g - afy g:V2+V3 f:a-ﬁ+a-7+ﬁ-v—g1—go
0 Kip’ YT Vixg Ko ’
root = +/f%2—4-go, h= (‘6,818 - 1) X 9o,
h—(a+08+~v—Kijg— Ko1 — K31) X K
K3 = Chazh et 2 ) Y Kip=a+8+7—Kj— Ko — K3 — Kis,
Ko — K31
A = (K21 - Ct)(K31 - Ol) B = (K21 - 5)(K31 - 5)

Vifa—pB)(a—7y) "’ VIB—a)(B—7) "’
(K21 — (K31 —7)

= Vin-a6-p)

10



PK Parameter Converter  Model1  Model2  Model3  Model4  Model 5  Indiv. Parameter Converter

Select your model

MODEL TYPE : Model 3: V1, Vdss, Cl, half-lives
@® One compartment model

© Two compartment model

© Three compartment model One compartment model
Parameter  Estimate  Std.err
Volume Vdss 6.4921 00612
Enter your estimate and std.err vi 64921  0.0612
Estimate / Std err Covariance Csmuzes €H JI OO
CI1 Estimate CI Stderr Micro Rate Constant k10 0.4621 0.0031
Exponent alpha 0.4621 0.0031

3 0.02

Half-lives t_alpha 1.5000  0.0100
t_alpha Estimate t_alpha Std.err True Coefflicient True_A 01540 00015
15 001 Fractional Coefficient ~ Frac_A 1.0000 0.0000

Save the result as a file

File type:

® Excel (CSV)

© Text (tab separated)

© Text (Space Separated)

& Save results to file

Figure 3: Main GUI of Shiny App for Pharmacokinetic Parameter Converter-
Model 3.

2.4 Model 4: Coefficients and Exponents
2.4.1 One-compartmental model

* Input parameters: A,

1
Vi = 1
1
Vdss = Z
CLl = %
log 2
12,0 = o
K(]l = «

2.4.2 Two-compartmental model

* Input parameters: A, B, a, 8

11



Ko
V1
CL1
t1/2,a

2.4.3

aB(A+ B)

AB+Ba aB(A+B) i _ AB+ Ba

= B — K = — = —

A3+ Ba =t e T T Ba A= "4
1 Ko

= ., o V2=—T V= V1+V2,
A+ B K1 (A+ B) ¢

B af 1 AB+Ba af(A+ B)

~ AB+Ba’ CL2_A+B(O‘+ﬁ A+ B AB+Ba )’

_ log2 " log 2

- 057 1/2,8 — B

Three-compartmental model

* Input parameters: A, B,C,a, 3,7

11/2,a
btemp

K21

CL1

g2 g2 log2
Oé’ /2,8 B, 1/2,v

B _(ac+aB+~yA+vB+ﬁA+BC) . _ afC+ayB+ pyA

- A+B+C ’ temp — A+B+C

)

1 / 1 /
= 5 (btemp + btemp2 - 4Ctemp) ) K31 = 5 (btemp - btcmp2 - 4Ctemp> 9

afy

_ Ky — (By+aB+ay) — Koi(a+ B+7) — KigKz1 + Ko
K01 K3’ K31 — Ko
= a+f+v— (Kio+ K2+ Ko + K31),
1 Ko K3
. V2= VIx—=2 y3_yix B
A+B+C Koy K3y
= V1+V2+V3,

= Vi XKlo, CcL2=V1 XK12, CL3:V1XK13.

12
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PK Parameter Converter ~ Model1  Model2  Model3  Model4  Model 5  Indiv. Parameter Converter

Select your model o
MODEL TYPE : Model 4: Coefficients and

@® One compartment model EXpOI"IentS

© Two compartment model

(© Three compartment model
One compartment model

Parameter  Estimate  Std.err

Enter your estimate and std.err

Volume Vdss 66667 00444

Estimate / Std err Covariance Vi 6.6667  0.0444

A Estimate A Std.err Clearnace cn 3.3333 NA
015 0.001 Micro Rate Constant k10 05000 00010
Exponent alpha 0.5000 0.0010

alpha Estimate alpha Std.err Half lives t alpha 13853 00028
0.5 0.001 True Coeffficient True_A 01500  0.0010
Fractional Coefficient ~ Frac_A 1.0000 0.0000

Save the result as a file

File type:

® Excel (CSV)

© Text (tab separated)

© Text (Space Separated)

& Save results to file

Figure 4: Main GUI of Shiny App for Pharmacokinetic Parameter Converter-
Model 4.

2.5 Model 5: V1, Exponents, K>, and Kj3;
2.5.1 One-compartmental model

* Input parameters: V1, «

Vdss = V]-a
KOI =
CL1l = V1xa,
1
A = —
vy’
log 2
12,0 = o0

2.5.2 Two-compartmental model

* Input parameters: V1, Ko, a, 8

13



Vi1 ap Vi ap
V2 = = — Koy — == Viss = V1+ —— — Koy — ),
Kor (044—5 21 K21), f +K21 (a—i—ﬁ 21 K21>
CLl = VI1x Ky, CL2 = V1 x Kia,
Koy —a 1 Kgl—ﬁ 1
A = 2T 2 pfa—-0 1
B—a XVl’ a—pB ><Vl7
. log 2 ¢ log 2
1/2,a — ) 1/2,8 = )
« B
af af
Ko = — Ky = — Koy — ——.
01 o 2=a+p 2T T

2.5.3 Three-compartmental model

* Input parameters: V1, Koy, K31, 0, 8,7

yp = YxXKe gy VIXKa oy oy ye s,
Ko K3
Koy — By Ky = (By+af+ay) — Kala+B+7) - (;(i? + Ko?
K21 K3’ K31 — Ko '
Kiz = a+p+v—(Kio+ K2+ Ko + Ks1),
CLl = VixKy, CL2=V1xKp,  CL3=V1x K,
4 - Eau—a)(Ks—a) g - Ko = B) (K — f) o = o =) (Ks1 — )
Vi(a=B)(a=7v)’ V1B —a)(B—7) Vi(y—a)(vy=5)
t _ log 2 ¢ _ log 2 ; _ 1og2.
/2,0 o 1/2,8 5 1/2,y N

(12)
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PK Parameter Converter  Model1  Model2  Model3  Model4  Model 5  Indiv. Parameter Converter

Select your model

MODEL TYPE - Model 5: V1, Exponents, K21, K31
@® One compartment model

© Two compartment model

© Three compartment model One compartment model
Parameter  Estimate  Std.err
Volume Vdss 80000 01000
Enter your estimate and std.err vi 80000 01000
Estimate / Std err Covariance Csmuzes €H JA Wl
V1 Estimate V1 Std.err Micro Rate Constant k10 04000  0.0100
N 01 Exponent alpha 0.4000 0.0100
Half-lives t_alpha 17329  0.0433
alpha Estimate alpha Std.err True Coefflicient True_A 01250 00016
04 001 Fractional Coefficient ~ Frac_A 1.0000 0.0000

Save the result as a file

File type:

® Excel (CSV)

© Text (tab separated)

© Text (Space Separated)

& Save resulis fo file

Figure 5: Main GUI of Shiny App for Pharmacokinetic Parameter Converter-
Model 5.
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