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1 PHARMACOKINETIC PARAMETERS FROM NONCOMPARTMENTAL
ANALYSIS (NCA)

1.1 Parameters obtained from concentrations in plasma or serum

1.1.1 Parameters after single dosing

Symbol Unit / Definition Calculation
Dimensio
n/
Dimension
AUC Amount-time/ | Area under the concentration-time C
volume curve from zero up to o« with AUC=AUC(0 ) +—%.C may be
AUC(0) extrapolation of the terminal phase z 1 z
V4
measured (C, o) or calculated (C, caic)
AUC gy, Amount-time/ | Area under the concentrati(?q-time According to the linear trapezoidal rule:
AUC volume curve from zero up to a definite time t
t

AUC(; -1, =7-(C; +Ciy)- (i, — 1))

n-1
AUCo-y = Zl AUC titiy) Wit or according to the log-linear trapezoidal rule:
=
h t,=0 and t,=t, _ . _
Concentrations C; measured at times | AUCw. 1. .) = € -Ci)- ., —t)
. (tl i)
t, i=1,...,n. (InC, -InC,,))

(the logarithmic trapezoidal rule is used for the
descending part of the concentration-time curve, i.e. if
C>1.001*Ci+1>0)
AUCo.y) Amount-time/ | Area under the concentration-time See AUC .

volume curve from zero up to the last
concentration >LOQ (C,)

AUCextrap % % Area under the concentration-time _ ’
curve extrapolated fromt,towin % | AUC % = AUC-AUC o) -100
of the total AUC extrap AUC
AUMC Amount: Area under the first moment of the c c
(time)*/ concentration-time curve from zero _ N t, "G, z
volume | up to o with extrapolation of the AUMC =AUMCO -t 1 + 2
terminal phase “ “
P C, may be measured (C, o) or calculated (C calc)
AUMC g Amount- | Area under the first moment of the
@9 (time) | concentration-time curve from zero | AUMC ¢ -, )
volume inite ti
up toa definite fime t = £t = 1)(t11(Ci +2C 1)+ (2C; + Cyy))

6

n-1

AUMC( -t) = Z AUMC(t ;-t,,,) | (linear trapezoidal rule)

P _Giti —Cintin  Gi-Ciy o p_InCi-InCiy,
B B? G =t

with t,=0 and t,=t. Concentrations C;
measured at times t;, i=1,...,n.

(log-linear trapezoidal rule)

AUMCo.1) Amount- | Area under the first moment of the See AUMCyq.
(time)*/ concentration-time curve from zero to
volume the last quantifiable concentration

AUMC arirap % % Area under the first moment of the ;
extrap concentration-time curve AUMC 0y % = AUMC-AUMC (+,) -100
extrapolated from t, to « in % of the i AUMC
total AUMC
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Symbol Unit / Definition Calculation
Dimension
CporC Amount/ volume| Plasma concentration
CsorC Amount/ volume| Serum concentration
C. Amount/ volume| Unbound plasma concentration
CL Volume/ time or| Total plasma, serum or blood D,
volume/ time/ kg| clearance of drug after intravenous CL= AUC
administration
CL/f Volume/ time or | Apparent total plasma or serum Do
volume/ time/ kg| clearance of drug after oral CL/f= AUGC
administration
CLint Volume/ time or | Intrinsic clearance — maximum
volume/ time/ kg| elimination capacity of the liver
CLup Volume/ time or | Hepatic blood clearance, product of | CLy = Qu-En
volume/ time/ kg| hepatic blood flow and extraction
ratio
ClLcr Volume/ time or | Creatinine clearance Measured or Cockcroft & Gault formula
volume/ time/ kg
ClLn Volume/ time | Metabolic clearance
C., calc Amount/ volume| Predicted last plasma or serum Calculated from a log-linear regression through
concentration the terminal part of the curve
C,0r C, ops | Amount/ volume| Last analytically quantifiable plasma | directly taken from analytical data
or serum concentration above LOQ
Crmax Amount/ volume| Observed maximum plasma or directly taken from analytical data
serum concentration after
administration
D Amount Dose administered
f - Fraction of the administered dose AUCpo - D,
systemically available f=
y y AUC,, - D,
[= % Absolute bioavailability, systemic F = f-100
availability in %
frel - Fraction of the administered dose in AUC -Dgrp
comparison to a standard (not iv frese = 0~ STD = Standard
P (not iv) = AUCgrp -D
Frel % Relative bioavailability in % Fo = fy-100
fa - Fraction of the extravascularly For orally administered drugs: f = f,*(1-E})
administered dose actually absorbed
fm - Fraction of the bioavailable dose
which is metabolized
i - Fraction of unbound (not protein- f,=C,/C
bound or free) drug in plasma or
serum
HVD Time Half-value duration (time interval
during which concentrations exceed
50% of Cax)
A (Time)” Terminal rate constant (slowest rate | negative of the slope of a In-linear regression
constant of the disposition) of the unweighted data considering the last
concentration-time points > LOQ
ke or Kg (Time)” Elimination rate constant from the calculated from parameters of the
central compartment multiexponential fit
LOQ Amount/ volume | Lower limit of quantification
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Symbol Unit / Definition Calculation
Dimension
MAT Time Mean absorption time MAT = MRT,, - MRT,
(ev = extravasal, e.g. im, sc, po)
MDT Time Mean dissolution time
MRT Time Mean residence time (of the AUMC
unchanged drug in the systemic MRT = AUC
circulation)
MR - Metabolic ratio of parent drug AUC and AUC s ront
metabolite AUC MR = ————
AUCmetaboIite
t, Time Terminal half-life In2
tys - T
z
tiag Time Lag-time (time delay between drug directly taken from analytical data
administration and first observed
concentration above LOQ in plasma)
t, Time Time p.a. of last analytically directly taken from analytical data
quantifiable concentration
tmax Time Time to reach Cpax directly taken from analytical data
Vs Volume Apparent volume of distribution at D - AUMC
or volume/kg equilibrium determined after Vss =CL-MRT =————
intravenous administration (AUC)
V, Volume Volume of distribution during terminal D;,
or volume/kg phase after intravenous administration | Vz= AUC- L.
z
Vo ! f Volume Apparent volume of distribution at D.AUMC
or volume/kg equilibrium after oral administration Ves/f =CL-MRT = W
V, [ f Volume Apparent volume of distribution during D
terminal phase after oral / Jf=—"P i iv 1
lumer/k = o instead of iv !
or vOUMEHS | extravascular administration Vz AUC - AZ P
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11.2

Parameters after multiple dosing (at steady state)

Unit /
Dimension

Symbol

Definition

Calculation

Ave Amount

Average amount in the body at
steady state

Amount-time/

AUCqss volume

AUCss

Area under the concentration-time
curve during a dosing interval at
steady state

by trapezoidal rule

AUCF% %

Percent fluctuation of the
concentrations determined from areas
under the curve

AUC(above C,,, )+ AUC(below C
AUC

ave )

AUCF% =100 -

Amount

Cav SS
/volume

Average plasma or serum
concentration at steady state

_AUC, &

Cav,ss -
T

Amount

Cmax SS
/volume

Maximum observed plasma or serum
concentration during a dosing interval
at steady state

directly taken from analytical data

Amount

Cmin ss
/volume

Minimum observed plasma or serum
concentration during a dosing interval
at steady state

directly taken from analytical data

Amount
/volume

Ctrough

Measured concentration at the end of
a dosing interval at steady state (taken
directly before next administration)

directly taken from analytical data

Dum Amount

Maintenance dose

design parameter

LF -

Linearity factor of pharmacokinetics
after repeated administration

AUC_

LF - s
AUC,,

sd = single dose

PTF % %

Peak trough fluctuation over one
dosing interval at steady state

C
PTF % =100

-C

Ss,max

C

ss,min

s§s,av

Ra (auc)

Accumulation ratio calculated from
AUC, ¢ at steady state and AUC,
after single dosing

AUC_
Raowor “30c
7,5

RA (Cmax)

Accumulation ratio calculated from
Chmax.ss at steady state and C,,.x after
single dosing

C

Ra (Cmax) = e sd = single dose

C max,sd

Ra cmin)

Accumulation ratio calculated from
Chinss at steady state and from

concentration at t=7 after single dose

Cmin,ss

sd = single dose
Cr,sd

RA (cmin) =

Rtheor

Theoretical accumulation ratio

1 1 T

Rtheorzﬁzm' £

t2

Tcave Time

Time period during which plasma
concentrations are above Cav,ss

derived from analytical data by linear interpolation

tmax.ss Time

Time to reach the observed
maximum (peak) concentration at
steady state

directly taken from analytical data

Time

Dosing interval

directly taken from study design
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1.2 Parameters obtained from urine

Symbol Unit / Definition Calculation
Dimension
Ae1-12) Amount Amount of unchanged drug excreted Cu *Vur
into urine within time span from t, to t,.
Aep.) Amount | Cumulative amount (of unchanged (can commonly not be determined)
drug) excreted into urine up to infinity
after single dosing
Ae;ss Amount | Amount (of unchanged drug) excreted
Ae into the urine during a dosing interval
ss (r) at steady state
Cur Amount/ | Drug concentration in urine
volume
CL Volume/ time | Renal clearance - -
R or volume/ ClLg = Ae(0 ) ~ Ae(0-7)
time/ amount AUC AUC(0-7)
Ae(0—
after multiple dose CLg = Ae(0-7)
AUC,
fe - Fraction of intravenous administered Ag
drug that is excreted unchanged in fe =D_-
urine v
folf - Fraction of orally administered drug folf Ae
excreted into urine e - po
Fe % Total urinary recovery after intravenous | Fo=f, - 100
administration = fraction of drug
excreted into urine in %
tmid Time Mid time point of a collection interval
Vi Volume | Volume of urine excreted directly taken from measured lab data
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2 PHARMACOKINETIC PARAMETERS OBTAINED FROM COMPARTMENTAL
MODELING

Symbol Unit / Definition Calculation
Dimensions
AB,Cor Amount/ volume | Coefficients of the polyexponential by multiexponential fitting
Ci, i=1,...,n equation
a, B,y (Time)” Exponents of the polyexponential by multiexponential fitting
equation (slope factor)
A (Time)” Exponent of the i (descending) by multiexponential fitting
exponential term of a polyexponential
equation
AUC Amounttime/ | Area under the curve (model) n[C
volume iv: AUC= z 7‘
i=1 i

extravascular :
u k 1 1
AUC = C.——a | __°
;|: I ka_)\’i (ki kaj:|

Note: C; is the linear coefficient of the
polyexponential equation

AUMC Amount:(time)’/ | Area under the first moment curve n [ ¢
volume iv: AUMC=)|—TL
i=1 )\'i
extravascular :
< k 1 1
AUMC = C. - = —-—
2{ el kzﬂ
Note: C; is the linear coefficient of the
polyexponential equation
C(0) Amount/ volume | Initial or back-extrapolated drug n
concentration following rapid C(0)= ZC,-
intravenous injection =1

Note: C; is the linear coefficient of the
polyexponential equation

C(t) Amount/ volume | Drug concentration at time point t See 2.2
CL Volume/ time | Clearance CL - f-Dose
AUC iv: f=1
f; - Fractional area, area under the various C/ .
phases of disposition (1) in the plasma | f, = A with > f, =1
concentration-time curve after iv AUC -
dosing

i Number of compartments in a multi-
compartmental model

ko (Time)” Zero order rate constant Design parameter or determined by
multiexponential fitting

ke or Ke (Time)” Elimination rate constant from the calculated from parameters of the
central compartment multiexponential fit

Kaor Kaps (Time)” Absorption rate constant by multiexponential fitting

ki (Time)” Transfer rate between compartment i by multiexponential fitting
and j in a multi-compartmental model

Km Amount/ volume [ Michaelis -Menten constant by nonlinear fitting
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Symbol Unit / Definition Calculation
Dimensions
MRT Time Mean residence time AUMC
iv: MRT =———
AUC
AUMC 1
extravascular: MRT = ————(tj,q +—)
AUC (&
Qi Amount/Time Intercompartmental clearance between
central compartment and compartment
i
ko Amount/Time | Zero order infusion rate design parameter
22 Time Half-life associated with the i In2
exponent of a polyexponential equation i = v
|
T Time Infusion duration design parameter
t Time Time after drug administration
Ve Volume or | Apparent volume of the central or vV - f -Dose
Volume /amount| plasma or serum compartment ¢ Z": c
=
iv: f=1
Vimax Amount/Time | Maximum metabolic rate

...\PK-glossary_PK_working_group_2004.pdf




AGAH Working group PK/PD modelling

Page 10 of 24

2.1 Calculation of concentration-time curves
Application Parameter Calculation
iv bolus concentration after bolus administration n ot
c,t)=>B e
i=1
short-term iv concentration during infusion n[B .
infusion Cp(t<T)=Z 7»7'.(1_e7 )
i

peak level

concentration after infusion

with t*=min(t,T)

continuous iv
infusion

concentration at steady state

CSS = >
CcL

extravascular

...\PK-glossary_PK_working_group_2004.pdf



AGAH Working group PK/PD modelling

Page 11 of 24

2.2 Pharmacokinetic Equations - Collection of Equations for Compartmental Analysis

One Compartment Model, IV bolus,_single dose, one elimination pathway only
(assumed to be urinary excretion)

D v, <X > ke <U > U - drug amount in urine
aX quU ke= elimination rate constant
E =—k, - X(t) E =k, - X(t) X = drug amount in the body

U =drug amount in the urine

D = X(0)= X(t)+ U(t) = U(x0)

X(t) = X(0)-e %

D = dose administered

X(t) = amount in plasma at time t after
administration

U(t) = amount in urine at time t

C,= Conc. in plasma after single dose

ke= negative slope of concentration-time
plot in In-linear scaling
Cy (0)= intercept with y axis

e

Cpt)= Xv(t) ; Cp(t)=C,(0)-e7"
_X(©0) _ D
¢ Ch0)  Ch0)
In(2
Cp(t):%e_ke.t ; ty, = k( :

C,(t) - plasma conc at any time

Urinary excretion

Ut)=U(x)(1-e™™") ;
IN(U(s0) - U(t)) =InU(e0) — k, - t

»Sigma-Minus Plot* (page 21)

Calc. of k. from urine data based on In-
linear plot of (U (c0)—U (1)) versus t, keis
the negative slope, but you need total
amount U(x) of drug excreted into urine,
which frequently is not identical to the
dose administered, in contrast to the
assumptions of the model

A_t = CLR 'Cp(tmid)

dau X (0).e ket - Other method based on urinary excretion
ot e (0)-e : rate (total amount of drug need not be
AU known) AU/At -sampling intervals
In — In(keX(O))— ke ot Fm‘d - mean time point of the sampling
At interval
du Urinary excretion rate -described by renal
E clearance CLg
R = C. (1) ; Clg = k,-V, Cop(tmia) = conc. in plasma at the mean
P time point of the urine collection interval,
AU measured or derived by log-linear

interpolation

CLg = slope of a plot AU/At versus
Cop(tmia)

U, =CL, - AUC (0 - t)
C,(0)
k

e

AUC(0-t) = (1-e*t)

...\PK-glossary_PK_working_group_2004.pdf




AGAH Working group PK/PD modelling Page 12 of 24

One Compartment Model, IV Inj. and Parallel Elimination Pathways (renal, biliary,
metabolic), single dose

Ke =Kyen + Kpit + Kimet kren = rate constant of renal
elimination
kpi = rate constant of biliary
elimination
kmet = rate constant of metabolic
elimination
X =amount in plasma

%Z_kex(t) ; ﬂzkrenx(t) ; @zkbilx(t) ; U = amount in FL)Jrine

dt dt dt B = amount in bile

am =Ky X (1) M = amount of metabolites in

dt plasma

D = X(0)= X(t)+U(t)+ B(t)+ M(t) = U(0) + B(c0) + M(0)

= ket PI trati
Cp (t)= Cp (0)-e asma concentration

k Drug amount in urine
U(t)=%-D-(1—e’kef)

e

Uloo) = K on D - U(o) K, Up to infinite time (t = o)
(OO) - ’ - ) _
D k ke - slope can calc.from the

ke ¢ Sigma Minus Plot (U(x0)-U(t) vs t
In(U (e0) —U (1)) = InU (o0) — k, - t

f, — fraction of bound drug

CL
CL, =k, -V, ;CL,=—""R
ren Cc (1 _ fb )
Ky it Biliary excretion can be calc. In
B(t)y=—"-D-(1-e™') ;CL,, =k,; -V, analogous fashion assuming no
k e reabsorption
k Total amounts of metabolites

met = Kimet. * Ve including further excretion of
metabolite into urine (k.").

M(t)==r-D-(1-e™) ; CL

e

—de =k _X({t)-k"M (t
gt ™ (8)=ke P( ) C"(t) = concentration of the
k. D metabolite in the central
CM(t)=——met=___(e7"! — g k't ) circulation
VcM (kg’ - ke )
D
CLiy = AUC =k,-V, ; CL, =CLg+CL,, +CL,,,

D : U(w) : B(o0) : M(0) = K¢ : Kren = Kbii : Kmet = CLiot : CLg: CLyii: CLimet | after the end of all elimination
into the different compartments
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One Compartment, multiple IV injection (i intervals 1)

D i [a-e™)
CaM =5 ¢ [(1—e‘kf)j

c

C,- concentration after n" administration
every 1 hours

e ket iy During steady-state conditions (n=w),
Cis(H=C, e Co-R-e™ Co=concentration immediately after initial
a- (first) injection = DIV,
R = !
1 - e-” ket
D 1 = Peak
Css,max C0 ‘R= E ’ l_e—ker
4. D et « = Trough
CSSmin:CO'R'e = kt:CSSmax'e ¢ 9
5 Vc l_e— e >
. ) ss.max — Css.min Fluctuation depends on the relation
%oFluctuation = — -100 between k. (or t;,,) and t, not on the dose
$S,max
Fluc. = SS,max :eker
sS,min
ln( CSS,max J
CSS,min
T=
ke
Useful for calculation of the maintenance
C_: _ AuC _ D dose
s T cL -z C, -average ss conc., weighted mean,
value between C.xand Cpy, -
includes no inform. about fluctuations in
plasma levels + no inform. about
magnitude of Cyax Or Cpin
D,, 1 D, Dy D, = loading dose requ_ired to immediatgly
CSS’maX =—" o, L= ko achieve the same maximum concentration
Vo 1-e™ V. 1-e as at steady state with a maintenance

dose
Dy every t hours
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One Compartment Model, IV Infusion, Zero Order Kinetics

D )X (5 )E(

dX ko- constant infusion rate

during constant rate infusion

k Kkt
Cty=—2—.(1-e*
e'Vd

Ko Ko ss - t = oo, infusion equilibrium, like ss

C
* ke 'Vd CI-'(ot
RO =Css-CL ; Cl\ot =ke Vc ;

CLtot = ROT = o
AUC(0-T) AUC
RO Plasma concentr. at SS , CL at SS
ss — a proportional to Cs;at SS
c(t) R, (1—e™) C(t)=C.. (1) for example: time to reach 90% SS ?
= U-e ; = —-e - C(t _ In0.1
CL ss ():090:(1_e ket); t:( )
Css - ke
R, T Cmax -0ccurs at the end of infusion,
Crax = PR (1-e™") setting t=r (total time of infusion)
e " Vd
After End of Infusion:
Cc(t)=cC,, - g Ke(t-T) Plasma level after end of infusion with
t = time after start of the infusion

Short term Infusion:

Loading dose
LD=C -V, = t—o g

€

Incremental LD =V, - (Coqred — Cinitias )
%-100:(1—@%)-100

SS

Plasma level depends on infusion duration
(v) and ty2;

1<ty <t C(tl/z)z%

One Compartment Model, Short Term Infusion, Zero Order, multiple dose

Cn(t) = concentration after n™ infusion in

~ k _
Ca()=Cpy(r)-e o= (1-e™) intervals of t

e " Vd

1-e
l_e—ker

k He(T)
Co(r)= (@ —e“)-[

nk,z n = number of doses
ke 'Vd
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One Compartment Model, Oral Administration With Resorption First Order, single dose

D - (A)— 5 (X)—* 5 (E)

A _ kA
ot

aX

) W:kaA_keX ) dE

— =k X
dt

A = unabsorbed drug available at

e resorption place

E = sum of the excreted amount of drug
k, = absorp. rate constant

fD =AM+ X+ EM=E(x) , A(t)=f-D-e™

F = fraction of dose available for
absorption

C(t) = f-D-k, (et _ gkl BATEMAN-Function
Vd '(ka - ke)
In most cases: k, >k, this means that
Ciorm (1) = &.(e—ket) gkt approches zero much faster
term vV -(k K ) «
d \ta e thane ™' - calc. of ke from slope of
f.D-k, terminal ph?se
InCieppy (1) = m—ket ; C(t)->Crem(t) for t->o0 k, <k, - Flip-Flop, but you need an
d ta e additional iv administration to distinguish
this case
f-D-k B k, - feathering-method (can reasonably be
Cterm (t) - C(t) = W gkl used only if there are at least 4 data points
o (kg —ke) in the increasing part of the concentration-
e et f.D-K, o time curve)
(Crem (1) -C 1) = Vg - (k, —k,) Ca substraction of C from C’ (semilog. A(C’-C)

versus t - slope -k,)

- f-D-k, (e gttty with t, - lag time
Vd '(ka - ke)
k tmax does not depend on the bioavailability f
In ki 1tk ) — In(k and, since k. commonly is substance-
toax = e/ n(k,) —In(k, ) , dependent and not preparation-dependent,
Ka —Ke ka —Ke reflects k,
Cmax = D ka 'e_ketmax
Vy

One Compartment Model, Oral Administration With Resorption First Order, multiple

dose
f.-D-k, ot kgt Ch(t) = concentration after the n" consecutive
Cn® = V, - (k, —k )~(re e o) dosing in intervals t; BATEMAN-Function
a e expanded by accumulation factor
—nk,7
ket Kt 1—e ™ l—e™
Css(t): f Dka . e _ e re = 1_87KET ; ra = l_e—ka‘r 'n = o for Steady
Vg (kg —ke) (1-e7" 1-e7

state, in most cases r, ~ 1

t =

ss,max

k

—kgr
1 In k,(1-e k )
. — k. k,(1-e™™")

tss,max < tmax for ka > ke
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Two Compartment Model, IV Inj (without Resorption), single dose

D —" )X o (—)E(

dX
- C:klz'xc+k10'xc_k21'xp

dt
dX dE

dtp =kp - X —ky - Xy ;E:klo'xc

X = amount in central compartment
X, = amount in peripheral comp.

D =X(0)= X (0) =X (1) + X, () + E(t) = E(0)

E() - Sum of drug eliminated

a =Ky at —at Concentration in plasma =
ko | @ (@) (e D Conc. in central compartment
Cty=—2
Ve k21—_ﬁ.(e/ﬁ* ~1)-e A
B-(a-p)
_(a—ky) D _(kyy-p) D Ve = volume of the central comp.,
v (0! _ﬁ) Vc v ((Z *,3) VC Ot>k21>B

1
a = E(klz +k21 +k10 + \/(k12 +k21 +k10 )2 _4'k21 'klo)

1
B = 5(1(12 +k21 +k10 _\/(klz +k21 +k10 )2 _4'k21 'klo)

o, B = Macro constants (or Hybrid
constants, independent of dose,
A+B proportional to dose

disposition rate constants, equal for
iv and oral administration

a-f=ky kg a+ =k +ky +kpg

K,,,K,;,K,, - Micro constants

Cierm(t) =B &7/ - InC,,,(t)=InB-B-t
Ct)-Cem®) =A™ - In(C(t)-C,,(t)=INA—-qa-t

o>p, for elim. phase first term =0
A,B, o, B, can determined by
feathering method

Plot In(Ciem(t)) vs t with slope B,
intercept In(B)

Plot In((C(t)-Cterm(t))) vs t with slope
a, intercept In(A)

_A-B+B-a _a-f _ A+B
2 A+B 10 Ky ﬂ+E ,

a pB

AB(B-a)?

kip=a+ 8 -ky =Ko = (A+B)A-B+B-a)

ABiv=A,B oral
K10=Krent Kmet (+Koirt Kother)

Kren _ U

k, E

0

Aucmm:ﬁ(l—e*m)+5(l—e*/")
a B

auc=2.B
a B

AUC - by integration of the general
equation for C
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Two Compartment Model, IV Inj, single dose

D —" )X o (—)E(

DKy (ot .-p Xp = drug amount in the tissues
Xp®)= (e € ) (peripheral compartment)
Ina—-Ing dXx
tmax, [ T d_tp =0at tmaX,p

CCf (tmax,p) = C(tmax,p)'(l_ fb) =
Cptmaxp) (1= fo.p) =C (L p)

Most membranes central
compartment / tissue are crossed by
diffusion — by unbound drug only

f, = fraction bound (to protein)

v - D D V. — volume of distribution in the
° Cc() A+B central compartment

X Xe+X, X Other “volume” terms are

V. ViV (assumed)—= proportionality factors assuming that
c c p c

C. = Cy, they may take on
unphysiological values. Initially X. and
C. high with Xy and C; nearly 0. In the
end frequently Cy > C,,. Vd = volume
of distribution of the total organism —
not constant in time!

k
Xo+X, l+g)x
Vd,ss :Vss: - p:( klZ) C:(l"'ﬁ)vc

Vs = volume of distribution at
equilibrium, when flows X; <> Xt
balance: kq2-X; = Koq" Xt

A-p*+B-a’ b Vss C?n talso be calculated from macro
SN Y constants
(A-f+B-a)
V. <V —V Ky, V- C - X In the strictest sense only true at

equilibrium

C — k21 -D X (e_a'tmax,p _ e_ﬂ'tmux.p )
Ve (f-a)

— ?T% :klo'xc(t):klo.
c

S C) C(t)

CL=kK;Vss; ke= _k10 Ve _ Kig -Ka

) Vs Ky +Kip

This is the definition of k. for a two-
compartment model

Auc:ﬁ+E: Kay .B; D :kZl'k‘OVC=k10~VC=CL
a B ap V., AUC K,

cL D
V, ==
B B-AUC

V, — volume of distribution during
terminal phase, calculated based on
the rate constant

CL=kj-Ve =k Vs =8V, :WDC

V, > V>V, — during terminal phase
X1> X,
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Two compartment Model single dose infusion (or zero order resorption)
A —E (s )E
....... K> T '
........... >x p<
K = D Infusion of dose D during t at
T T constant rate kg
[ a—ky at* ot General equation for calc. of C(t)

k, | @ (a- ) (67 -D-e T during and after infusion, t* =
Cit)y=-2 min(t,t)

Ve | k-8 (@ _1).e P

L B-(a=p)

k. [ a-k - -B - during infusion, t*=t

C(t)=v—0 W—Zlﬂ).( —e™) m'(l—e ﬂ)} (e""-1)e™ becomes 1- e™
cl
k k For a continuing infusion, t—o
k0 = k1O'Ass = k1O'Css'Vc; Css = k10 ?Vc = C_(l)_
a—k.)-(1—e=T it after end of infusion,

k : az.l()a(_ﬂ) Loty t-t = time after end
Cty=-"2 )

Ve | (ky —p)-(1-eM) e~ At-T)

B-(a-p)

...\PK-glossary_PK_working_group_2004.pdf



AGAH Working group PK/PD modelling

Page 19 of 24

Two compartment Model, single dose with Resorption First Order

YA(—o )X (2 )E(

(ky1 —@)

. ewt + (k21 _ﬂ) . e—ﬂ»t

ke-F-D | (B-a) (e —2)
Voo |, Gak)
(@—ka)- (B~

(B-a)-(ky—=B)
Kyt

ko)

Ky —a n ky =B
(B-a)(ky—a) (a=p)(k,—p)
- I(21_ka

(a_ka)'(ﬂ_ka)

C-central compartment

with micro constants

Ctt)=A-e ™ +B-e "' —(A+B)-e

C-central compartment

with macro constants

v :R.(km—a) v :R_(km—ﬂ)
Ve (B-a) Ve (a-p)
ok, f B Ky f B Without iv data only V./f can be
Nk, —a) Av 5 Bora = Kk,—-p) " determined, but based on
knowledge of f-A;, and f-B;, the
Vv D micro constants kg, k21, k12 may

be derived

B Ky e A _ (A+B)-ky, ekt

- (kZI_a). (ky —

2 (ky —ka)

Cr-deep compartment

Two compartment Model, multiple dose with Resorption First Order

_nphar —aty,
cn(tx)zA-%e +B
l_e—nka‘r _

~(A+B)— e kb

-np
1 —€ i e_ﬁx

1-e7/*

C,, — concentration at
time t, after the n™
administration at interval
1, time after first dosing =
n-t
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3 PHARMACODYNAMIC GLOSSARY

3.1 Definitions

Symbol Unit / Dimension Definition
AUEC Arbitrary unitstime [ Area under the effect curve
Ce Amountivolume | Fictive ‘concentration’ in the effect compartment
Co Amount/volume Drug concentration in the central compartment
E (effect unit) Effect
Eo (effect unit) Baseline effect
Emax (effect unit) Maximum effect
ECso Amount/volume | Drug concentration producing 50% of maximum effect
Imax (effect unit) Maximum inhibition
Iso Amount/volume | Drug concentration producing 50% of maximal inhibition
Keo (Time)” Rate constant for degradation of the effect compartment
Kin (effect unit) (time)" | Zero order constant for input or production of response
Kout (time)” First order rate constant for loss of response
Mso Amount/volume [ 50% of maximum effect of the regulator
MEC Amountivolume | Minimum effective concentration
- Sigmoidicity factor (Hill exponent)
S (effect unit)/ Slope of the line relating the effect to the concentration
(amount/volume)
tmec Time Duration of the minimum (or optimum) effective
concentration
Ve Volume Fictive volume of the effect compartment
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3.2 Equations: PK/PD Models

E=Efixed if C> Cthreshold

fixed effect model

E= Emax -C Emax model

Es;y+C

_ Epax C" $igmoid Epax model

Ef +C"
dR Rate of change of the response over time with no
dt Kin ko R drug present
R _, ;€ v R Inhibition of build-up of response
dt T in IC50 +C out

n

B:kin' 1_—Imax < —Kout *R
dt ICs, +C"
dR o e C g Inhibition of loss of response
a " | c, +C

d_R:kin' 1+ S —Kout - R
dt Es, +C

Stimulation of build-up of response

dr E

_:kin_kout' 1+L.C R
dt Eso+C

Stimulation of loss of response
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4 STATISTICAL PARAMETERS

4.1 Definitions
Symbol Definition Calculation
AIC Akaike Information Criterion AIC = n-In(WSSR) +2p
(smaller positive values indicate a better fit) )
n = number of observed (measured) concentrations,
p = number of parameters in the model
Cl Confidence interval, e.g. 90%-CI -
Cl =x+t,,,-SEM
Ccv Coefficient of variation in % SD
CV =100-——, SD = standard deviation
X
Median = X Median, value such that 50% of observed (n+1)* value if there are 2n+1 values or arithmetic]
values are below and 50% above mean of n" and (n+1 )St value if there are 2n
values
Mean = X Arithmetic mean 1<
n<
i=1
MSC Model selection criterion AIC, SC, F-ratio test, Imbimbo criterion etc.
SC Schwarz criterion SC = n:In(WSSR) +p-In(n)
SD Standard deviation SD = /Var
SEM Standard error of mean SD
SEM = —
Jn
SSR Sum of the squared deviations between the n
calculated values of the model and the _
measured values SSR= Z (C/, obs ~C i, cale )Z
i=1
SS Sum of the squared deviations between the n
measured values and the mean value C SS = Z (C, ) 6)2
. i, obs
i=1
n 2
n Z Ci,obs
_ 2 i=1
SS= Z Ci,obs
i-l n
n = number of observed (measured) concentrations
use of the second formula is discouraged although
mathematically identical
WSS or WSSR | Weighted sum of the squared deviations n
between the calculated values of the model | \WSSR = 2 W (C -c )Z
and the measured values - I\, 0bs ™ i, calc
Var Variance s?=88/(n-1)
Xos9 Lower quartile (25%- quantile), value such may be calculated as median of values between
that 25% of observed values are below and | minimum and the overall median
75% above
X759 Upper quartile (75%- quantile) may be calculated as median of values between
the overall median and the maximum
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4.2 Characterisation of log-normally distributed data

Symbol Definition Calculation
Y Geometric mean of log-normally distributed | — 1.
X data Xg = exp{n *>In(x;)
i=1
sd, Standard deviation to the log-transformed 2
data 4 1 Zn:l( 2 1%1( )
sdy = [—- n(X)” —— n(X;
| n-1 143 I nis I
Scatter Scatter-Factor Scatter = e
Clg Confidence interval of log-normally | &
distributed data Cly = eXP{F'Zln(Xi)itnl,o.os .SEMIH}
i=1
CVy Geometric coefficient of variation in % [ Var, o
CVy =100-ve™™ -1 [%]
Perisy 16% percentile of log-normally distributed X
data Perg, = ———
Scatter
Pergao, 84% percentile of log-normally distributed Per 4, = )Tg . Scatter
data 0
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