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Supplement: Model equations and parameters

The following equations and parameters describe the biodistribution for fully-, half-,
and non-immunoreactive labeled (indexed with *) and unlabeled anti-CD66 antibodies

in patients suffering from acute leukemia. All variables are defined in Tables A and B.

Volumes of distribution
Antibody can freely pass [1] between the interstitial and vascular space of the liver,

spleen and red marrow [2]. The available volume fraction for antibody is low [3].

Therefore, the antibody distribution volume is approximated as fraction of the total
blood pool, using values reported by Leggett et al. [5]:

Vg, =V -0.04

Vg, =V -0.076

Vv, =V.0.1 @
=V 0.

V, =V -0.014
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Constraint for antigen numbers (i = red marrow, liver, spleen, blood):

*

Ag; = Ad, ; — AgAD
— AgAb

— AgAb mono, i — 2 AgAbfabi, i—2- AgAb;a bi, i @)

hamono, i

famono, i

hamono, i AgAb
Bound antibody

I(on, mono * E- Agi
2
4-7 - Teen” Neens, i

I(on, bi '[Ag]s = = I(on, mono * AT - & (3)

[Ag], represents the surface concentration of unbound antigens and «; is an

abbreviation defined in Eq. (4) to simplify the notation of the differential equations.
The ratio E = Kon, bi / Kon, mono USed in the literature [6] basically stems from the
conversion from bulk to surface concentrations using average binding site

concentrations rather than a statistical mechanical model of the surface.

Assumptions for cell numbers
Equal CD66 expression on all granulocytic cell forms and no considerable alteration
due to disease is assumed. The average number of CD66 expressing cells is assumed to

be 38 fold higher in the red marrow than in the blood [7] (for circulating cells).

Neeis, ru =38 Neais, g.c 4)
Ady ru =38 Ady &

The antigen numbers Ag,, and Ag, ¢ for liver and spleen are assumed to be

proportional to the number of marginating granulocytes N and N To

cells, L,m cells, S,m*

establish a relationship between the antigen numbers for liver and spleen and the

number of circulating granulocytes, literature values were used [8]. The numbers of
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circulating and marginating N and N are 40 % and 60% of the total blood

cells, B,c cells, B,m

granulocytes pool, respectively.

N =15- Ncells, B,c (5)

cells, B,m
According to [8], the number of marginating granulocytes in liver and spleen

N and N are equal to 60% of the total blood marginating granulocytes.

cells, L,m cells, S,m

Ncells, Bm — (Ncells, Lm + Ncells, S,m) -0.6 (6)

Therefore, the sum of the numbers of fix CD66 positive cells in the liver and spleen is
set equal to 90% of the circulating CD66 positive cells in the blood (Model 1).

N =(N +N )-0.9 ()

cells, B,c cells, L,m cells, S,m
Model 2 includes weighting factors which take into account the actual sizes of the
spleen or liver, as larger deviations to the calculated size (based on parameters such as
age and body weight [9,10] ) might alter the average number of CD66 positive cells in

these organs.

Model 1:
Ay, 5 :(Ago,L"'Ago,s)'O-g (8
Model 2:
\Y Vv
Ay g Z(Ago,L'%JrAgo,s'VMR"S)-O.Q ©)

Cal, L Cal, S
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Injections:

Total amount of radiolabeled and unlabeled injected antibody

* An'
Abinj,PT =a- fI,PT 'Abtotal,PT o
A\otal,PT
Ain',
Abinj,PT = (1_3' fI,PT) : AbtotaI,PT ’ L
A | otal,PT (10)
Ab*inj,T =b- fI,T 'Abtotal,T L
otal, T
Ainj,T

Abinj,T =(@1-b- fl,T) -Ab

total,T ~
A\otaI,T

The antibody (composed of labeled and unlabeled fractions) was injected as a bolus
into the “free main vascular compartments” (Figure 1) for pre-therapeutic
measurements (PTM) and therapy. The individually determined radiochemical purities
for therapy, a, and pre-therapeutic measurements, b, were used.

Amount of fully intact radiolabeled and unlabeled injected antibody

* * 2
Ab fa,inj,PT — Ab injpr * T

| * (11)
A" i = ALY 1
Ab a,inj = Ab ini .r2

fa,inj,PT i,PT (12)
Ab fa,injT — Ab injT r2
Amount of half immunoreactive radiolabeled and unlabeled injected antibody:
Ab = Ab o -2-(L=1)-r

*h Jinj,PT ) i.PT (13)
Ab ha,injT — Ab injT 2. (1_ I') or
Ab, o =Ab, o 2-(A—T)T

ha,inj,PT i,PT ( ) (14)
Ab ha,injT — Ab injT 2. (1_ r) r

Amount of non-immunoreactive radiolabeled and unlabeled injected antibody:
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Ab*na,inj,PT = Ab’:nj,F’T ’ (l_ r)2

\ * ) (15)
Ab na,injT — Ab inj T~ (1_ r)
Ab na,inj,PT — Ab inj,PT * (1_ r)2 (16)

Ab na,injT — Ab injT * (1_ r)2

Data assigned to compartments:

Liver

data, = AgAD fabiL + AGAD " fa monoL + Ab " fa,L + AGAD ha monoL + AD ha,L + AD na,L

+ex, - (Ex, + Ex;, + Ex. )+ \% -(Metay, » + Meta,, , + Meta,

+ AQAD " fabiz + AGAD fa monog + AJAD ha monos ) + Nt - (AD faint + AD haint + AD naint)
(17)

Spleen

data, = AgAD favis + AGAD fa monos + Ab ra,s + AGAD ha monos + AD ha,s + AD na,s

+eX - (EX}, + Ex;, + EX,) +\$ -(Meta, » + Meta,, , + Meta, ,

+ AgAb*fabi,B + AgAb*fa monoB + AgAb*ha mono,B) + ints . (Ab*faint + Ab*haint + Ab*naint)

(18)
Serum
* * * Vp * * *
(Abg,, +Ab . +Ab )+ (Meta,, +Meta,, . +Meta,,)
data,,, = v (19)
VP
Red Marrow

_AgAb*fabi,RM + AgAD " fa mono,rm + AD fa, Rm

+ AgAD ha monogm + A ha,rv + AD na, R

. (20)

data ‘K=c
RM 5 14 + AgAD fabig

rm’

V * *
+%-(Metafayp + Meta,, , + Meta

na,P

s AgAb*fa monoB + AgAb*ha mono,B) + X
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x = underlying activity from arteries and veins in the red marrow. In ROl ,. 4 these are

considered using equation (18)

_(Ab:aP + Ab;aP + Ab:aP)

V — V * * * *
X = % + VP(Meta wp + Meta,, . + Meta,, , + AgAD  ranis (21)
P
+ AgAb*fa monoB + AgAb*ha mono,B)
TABLE A. Definition of parameters for data assignment
Description Value Unit Source
ex, liver fraction of extravascular delay compartment estimated unity [1]
eXs spleen fraction of extravascular delay compartment estimated unity [1]
int, liver fraction of nonsaturable compartment 0.04 unity [1]
ints spleen fraction of nonsaturable compartment 0.04 unity [1]
K height corrected scaling factor of reverence man 170cm/ height _
implemented in UlmDos to scale from L2-L4 (lumbar unity [11]
. . (cm)/0.06665
spine) to the entire red marrow
Crm individual correction for inadequate K estimated unity




Physiologically Based Pharmacokinetic Modeling is Essential in *Y-labeled Anti-
CD66 Radioimmunotherapy
Peter Kletting, Christian Maal3, Sven Reske, Ambros J. Beer, Gerhard Glatting

Description of global model: Part A, fully immunoreactive antibody

Bivalent compartments

%[AgAbfabi,i ]'Vi =Kon. mono” @i AD; - AGAD ¢, o0 — 2 Ko - AGAD ¢

— Agp " AQAD i+ Ay AgAb:abi,i (22)

on, mono fa mono,i

%[AgAb:abi,i]’Vi =k o, Ag; - AgAb = 2-Kyg 'AgAb:abi,i

— Aap - AgAb:a bii ~ Aphy " AgAb:a bi, i
Monovalent Compartments

Ab,

iI:AgAbfamonm] V 2- kon mono” gi ' el kon mono” & Ag| : AgAbfamonoi
dt v, en '
koff AgAbfa mono, i +2- koff ' AgAb fabi,i ﬂdb ' AgAb famono,i AgAbfa mono, i (23)
Ab;
d [A Abfamonm] Vi = 2 : kon, mono” Agl Vfal kon, mono a Ag| AgAbfa mono, i
koff AgAbfa mono, i +2- koff : AgAb:abll j“db AgAbfa mono, i AgAbfa mono, i
Free antibody (i = red marrow, spleen):
d Abfal Fi
dt [Abfal] Vi =-2- kon mono gi ' Vi off AgAbfa mono, i V_p : Abfa P
_Vi Abfal—l-ﬂ, Abfal
' A" (24)
d [Abfal] Vi :_Z'kon,mono' Agl ’ a off AgAbfamon0| 5 Ab:aP
V. v,
oo )
_V' Abfai _ﬁ'phy ’ Abfai
Free antibody liver
d Ab;, F F
a [AbfaL]'VL =-2- kon, mono” AgL : V|f_ - + koff : AgAbfamono,L +V:; : AbfaP +f' AbfaS
+h'AbfaGl Athrhy, Abg + 4 Ab:aL (25)
Gl L
d Aby, Foa- R
d [AbfaL] V = 2 kon mono” gL ' |f_ L AgAbfamonoL V:'AbfaP +f' AbfaS
+£'Ab:ae| % Ab,, - Aohy - Abg,,
Gl L
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Free antibody gastrointestinal tract

d F F .
E[AbfaGl ]'Vel = V_GI AbfaP _Vi'AbfaGl +}°phy' AbfaGI
P Gl
(26)
E[Ab* ]-V :i.Ab* _i.Ab* -1 -AbS
fa Gl Gl fa P fa Gl phy fa Gl
dt VP Gl

Free antibody interstitial

Abfaint = kin : AbfaP - kou’[ : Abfaint + j’phy ’ Ab:aint
(27)

Ab* o=k - Ab:ap - kout : Ab:aint - ﬂ’phy ’ Ab:aint

in

d
dt
d

dt

Free main vascular compartment

d Ab, Fo+F +Fy +F
E[AbfaP 'VP :_2‘k0n,m0n0'AgP ’ Vf - +k0ff ‘AgAbfamono,P - . v & R 'AbfaP
P P
Fo+F+F F *
+%' AbfaL +Vﬂ. AbfaRM _(ﬂ’du +kin)' AbfaP + I(out ' Abfaint +ﬂ’phy ' AbfaP (28)
L RM
. Aby, . Fo+F +F, +F .
iI:AbfanI‘VP =_Z'I(t)n‘mono'AgP : R +k0ff 'AgAbfamono,P - T e o 'AbfaP
dt v, v,

F.+F+F . F . . «
+—+ VS = AbfaL + VRM ' AbfaRM _(ﬂ’du + kin +ﬂ’phy) : AbfaP + kout ' Abfaim
L RM
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Description of global model: Part B, half immunoreactive antibody

Monovalent compartments

Ab

iI:AgAbhamono i ]VI =2- kon mono Agl : el kon mono " &j Ag| : AgAbhamonoi -
dt ’ ’ V, ' ’
koff AgAbhamonm +2- koff : AgAbhabi,i - ﬂ‘db ' AgAbha mono, i AgAbha\mono i (29)
Ab. .
d [A Abhamonm] Vi =2- kon, mono ’ Agl : Vhal - kon,mono Q; Ag| AgAbhamono i
koff AgAbhamono it 2- koff ’ AgAb;abll ﬂ'db AgAbhamono i AgAbha mono, i
Free antibody (i = red marrow, spleen):
d Abhal Fi
a [Abhai ]VI =-2- I(on, mono Agl : Vi koff AgAbha mono, i V_p ' AbhaP
R AD.i + Ay Ab
V- hai hai
' . (30)
d [ ] Abhal Fi *
Abhal Vi =-2- kon, mono Agl ’ v off AgAbha mono, i V_ : AbhaP
i P
F . .
_V__I' Abhai - ﬁ“phy ’ Abhai
Free antibody liver
d Aby, F F
a [AbhaL]'VL =-2- kon, mono” AgL . h|_ - + koff ) AgAbhamono,L + i ' AbhaP +f ' AbhaS
i' AbhaGI % AbhaL + /1 Ab;aL (31)
el L
. Ab; . . .
%[AbhaL]'VL =-2 kon, mono” AgL : VhaL + I(off : AgAbhamono,L +% : AbhaP + \I;is ' AbhaS
L P s
F « F+F+F .
+—oL. AbhaGI -+ 8. AbhaL phy AbhaL
Gl L
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Free antibody gastrointestinal tract

d F F .
" [AbhaGI ]'Vel =2 AbhaP ——=L. AbhaGI + Z‘phy ) AbhaGl
dt Ve Vs
d F F (32)
a [AbhaGI ]'Vel = V_GI : Abha P —&L. AbhaGI - ﬂ’phy : AbhaGI

P Gl
Free antibody interstitial

Abhaint = kin : AbhaP - kout ’ Abhaint + ﬂ’phy ) Ab;aint
(33)

Ab* int = Kip - Ab;aP - kout ’ Ab:aint - ﬂ’phy ' Ab:aint

n

d
dt
d

dt

Free main vascular compartment

Ab, F +F +Fg +F
i[AbhaP].VP =-2 kon, mono” AgP : e + koff : AgAbhamono,P - Tt e o : AbhaP
dt v, V.
F.+F+F F *
+ % AbhaL + ﬁ : AbhaRM - (ﬂ“du + I(in) ' AbhaP + kout . Abhaint + Aphy ' AbhaP (34)
. Aby, . F +F +Fg +F )
iI:AbhaP ]VP =-2- I(on, mono” AgP : e + koff ’ AgAbhamono,P - T e * o : AbhaP
dt v, v,
+ m Ab:aL + Fﬂ : Abr:a RM (ﬂ’du + I(in + ﬂ’phy) ' Ab;aP + kout : Ab;aint

VL VRM

10



Physiologically Based Pharmacokinetic Modeling is Essential in *Y-labeled Anti-

CD66 Radioimmunotherapy
Peter Kletting, Christian Maal3, Sven Reske, Ambros J. Beer, Gerhard Glatting

Description of global model: Part C, none immunoreactive antibody

Free antibody (i = red marrow, spleen):

d [ nal] V = F AbnaP_E'Abnai +ﬂ“phy'Abr:ai

dt V V.

d F - (35)
[Abnal] i _+_i'Abr:aP__i'AbrTai _ﬂ’phy'Ab:ai

dt v, v

Free antibody liver

d F F F F +F +F .
E[AbnaL]'VL =+¢'AbnaP +f'AbnaS +T:'AbnaGl _% AbnaLL phy'AbnaL ( )
36
d « F F F N F +F +F N N
a[Abm]-vL - +ﬁ Ab’,. +Vz b, + V: Y p— VSL S A~ Ay - AbL
Free antibody gastrointestinal tract
d F Fo
a [AbnaGI ]'VGI = V_GI : AbnaP V AbnaGI + Z’ AbnaGI
P Gl (37)
d [ . ] Fa . Fe . .
a AbnaGI 'VGI = AbnaP -y, AbnaGI - ﬂ’phy ’ AbnaGI
P Gl
Free antibody interstitial
d .
d bnalnt = k Ab kout : Abnaint + ﬂ'phy ’ Abnaint
g (38)
dt Abnalnt = I(in ' Abr:aP - kout : Abr:aint - lphy ’ Ab:aint

11



Physiologically Based Pharmacokinetic Modeling is Essential in *Y-labeled Anti-

CD66 Radioimmunotherapy
Peter Kletting, Christian Maal3, Sven Reske, Ambros J. Beer, Gerhard Glatting

Free main vascular compartment

R+ FR 4R +F

]
= [Ab,. ]V, = RM_. Ab,,
dt PP Ve -
F +F. +F
st Ab,,, L Feu Ab, . e — (A, +K,))- Ab,
V, Vv
L RM
+ I(out ) Abhaint + }”phy ’ Ab;ap

i[AbrTaP]'VP == FL i FS . FGI i FRM : Abr:aP + FL i FS i FGI : Ab:aL + FRM : Ab:aRM
dt Ve L Vam
- (]’du + kil‘l + j’phy) : Ab:aP + kout ! Ab;aint

Submodel (for j=fa, ha, na)

(39)

The following sub model for degraded antibody (***In-DTPA and **!In-low molecular

weight biodistribution) was adopted from Eger et al. [1]. The variables are defined in

Table A.

d "

EEXi = Ay - ADp — Ao - BX; + Ay, - BX;

d -~ . . "
aExj = Agy " ADp — Ay - BEX; — Ay - EX

d

a Metap'j - Ac'ex ' EXJ - /’I’Cl ’ MetaP.j - j’Metae>d : MetaP,j + ﬂ“MetaexZ ' Metaexl,j
+ ﬂdb ’ Z(AgAbmono,i + AgAbb||) + ﬂvphy : Meta;j

d . . ) * *

a Metap’j - ic'ex ' EXi - ﬂ“d ’ MetaP,j - )“Metaexl ’ MetaP,j + ﬂ‘Metaexz ’ Metaexl,j

+ g - Y (AQAD, o i + AGADy ) — A, - Metay |

(40)

(41)

12
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d
o Meta,,, ;
+ ﬂ“Metaexﬂf : IVle‘:aexz,j
d .
a Metaexl’j =
+ /1Metaex4 : MEtaEXZ,j -
d
a MEtaexz,j = ﬂ“MetaexS -Meta
d . .
a MEtaexz,j = ﬂ“MetaexB -Meta

= ﬂ’Metaeﬂ ’ MEtaP,j - (ﬂ’MetanZ + ﬂ’Metaex?:)' Meta

+ A,ny - Meta

Aoy - Meta

A

exl,j

A

exl,j

exl,j

*

exl, j

ﬂ“Metae)d : MetaP,j - (/IMetanZ + Z’MetanS)' MEtaexl,j

*

exd,j

*

ex2,j

-Meta,, ; + A, - Meta

Metaex4 ex2,j

* *

-Meta,, | — A, - Meta_, ,

Metaex4

(42)

(43)

13
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TABLE B Parameter definition

Variable Description Value Unit Source
, probability for an antibody arm estimated unity
m to be immunoreactive
T P
Kon, mono association rate monovalent 0.006 l-nmol™-min [3]
— . 2_ T
Kon, bi surface association rate bivalent Kon,bi = Kon, mono E f:r;ninpmol [6]
T
Kot dissociation rate 0.06 min [12]
_ abbreviation of enhancement 2 3
a factor and surface area of all E/(4-7Teen Neens, i) cm [6]
cells of organ i
-1
E enhancement factor 1672000 cm [6]
BW body weight individually measured kg
Neell, RM no. of CD66 expressing 188-108/kg-BW unity [7,13]
cells in the red m.
Neell, s.m no. of marginating granulocytes | Neei sm=Ado.s/AJokm:Neen,rm | UNIity [14]
in the spleen
Neell, Lm no. of marginating granulocytes | Neei Lm= Ao ./Adokm* Neell, rRm unity [14]
in the liver
Neell, B,c no. of circulating granulocytes Equations (5),(6) and (7) unity [7,14]
in blood
Neell, B.m no. of marginating granulocytes | Equations (5),(6) and (7) unity [7,14]
in blood
feel cell radius 6.0 Hm [15]
F V-1.23* ml-min™
total plasma flow
T
FL plasma flow liver arterial F-0.065 ml-min [5]
T
Fs plasma flow to spleen F-0.03 ml-min [5]
T
Fa plasma flow to Gl tract 0.16-F ml-min [5]
T
Fru plasma flow to red marrow F fim ml-min
i 0,
fim fractional flow to red marrow estimated %
V estimated with mi
total plasma volume o 4
Bayesian information
Vi measured total liver volume measured individually mi
Vs measured total spleen volume measured individually ml

14
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Vean calculated total liver volume calculated individually ml [10]
Veans calculated total spleen volume calculated individually ml [l
blood volume in red marrow [16]
VROI L2-L4 ROI from overlapping arteries 30 ml
and veins
Vi volume of Ab distribution liver V0.1 mi
Vs V -0.014 ml

volume of Ab distribution spleen

Ve volume of Ab distribution Gl 0.076-v mi [5]

VRrm volume of Ab distribution red 0.04-v ml [5]
marrow
Ve total plasma minus organs V-Vi-Vs - Ve - Veu ml
-z Z T
Aghy physical decay “*in and *°Y 1.72-10" and 1.80 - 10 min
Kin transport rate Vp to interstitial 0.0017 min™ [1]
space
Kout transport rate interstitial space 0.005 min™ [1]
to Vp
- T
Ado degradation of bound antibody estimated min
Adu degradation of unbound 3.9-10" min™ [1]
antibody
Ab antibody
PTM pre-therapeutic measurements
a radiochemical purity PTM 0.94+0.03 measured unity
b radiochemical purity therapy 0.96+0.03 measured unity
f fraction of labeled antibody 2.310.3 %
I,PT PTM
f fraction of labeled antibody 2146 %
1T therapy
Ab total amount of antibody used
total,PT for labeling PTM
Ab total amount of antibody used
total,T for labeling therapy
A total amount of activity used for
total, T labeling PTM
A total amount of activity used for
total,PT labeling therapy

15
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Ainipr injected activity PTM
At injected activity therapy
Ab* total amount of radiolabeled nmol
inj,PT injected Ab for PTM
Ab total amount of unlabeled nmol
inj,PT injected Ab for PTM
Ab total amount of radiolabeled nmol
inj,T injected Ab for therapy
Ab. total amount of unlabeled nmol
inj,T injected Ab for therapy
Ao radiolabeled injected fully nmol
fa,inj,PT immunoreactive Ab for PTM
Ao radiolabeled injected fully nmol
fa,ini.T immunoreactive Ab for therapy
AbS radiolabeled injected half nmol
ha,inj,PT immunoreactive Ab for PTM
AbS radiolabeled injected half nmol
ha,inj.T immunoreactive Ab for therapy
A radiolabeled injected none nmol
na,inj,PT immunoreactive Ab for PTM
Ab radiolabeled injected none nmol
na,injT immunoreactive Ab for therapy
Ab. unlabeled injected fully nmol
fainj,PT immunoreactive Ab for PTM
Ab. unlabeled injected fully nmol
fa,inj.T immunoreactive Ab for therapy
Ab. unlabeled injected half nmol
ha,inj,PT immunoreactive Ab for PTM
Ab. unlabeled injected half nmol
ha,inj.T immunoreactive Ab for therapy
Ao unlabeled injected none nmol
na,inj,PT immunoreactive Ab for PTM
Ao unlabeled injected none nmol
nainj,T immunoreactive Ab for therapy
Ab. unbound fully immunoreactive nmol
fa.i Ab in organ i
Ab. unbound half immunoreactive nmol
ha,i Ab in organ i
Ab_ unbound none immunoreactive nmol
nal Abin organi
Ab unbound antibody of interstitial nmol
int,J spaces
bivalently bound fully nmol
AGAD immunoreactive Ab of organ i
AgAb | monovalently bound fully nmol
famonoi | immunoreactive Ab of organ i
AgAb | monovalently bound half nmol
hamonoi | immunoreactive Ab of organ i
Rpr free nuclides for PTM nmol
R, free nuclides for therapy nmol
Agi number of free antigens of nmol

organi

16
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[Adls surface concentration of antigen mol-cm™
Aoj total antigens of organ i estimated nmol
Ex. degraded antibody in extra nmol [1]

! vascular (e.v.) delay
Metae| degraded antibody in plasma nmol [17]
Metaeyy ; degraded antibody in e.v. 1 nmol [17]
Metaeyo| degraded antibody in e.v. 2 nmol [17]
Ackex clearance from e.v. delay space 3910 min™ (4
Avietaext vascular to e.v. 1 0.39 min™ [17]
Avetacro e.v. 1 to vascular 0.17 min™ [17]
Avietzexs ev.ltoev. 2 0.018 min™ [17]
Avetaexa ev.2toev. 1 0.013 min™ [17]
Ad 0.047 min™ [17]

clearance from body

*For the average normal adult (blood) F = 6500 ml/min and V = 5300 ml. Therefore, a factor of

1.23 was assigned to account for the changes in total blood flow due to volume changes.

” These values were determined using the average values reported by Shah et al. [4]

T For the total serum volume V, a Bayesian term was derived from the first serum measurement

Vm 1= 100%/ [YActivitylserum 1 @nd the body surface area.[18] V was set to V, ; and the standard

deviation of V t0 V1 -Vgsa.

17
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