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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]:  
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Constraint for antigen numbers (i = red marrow, liver, spleen, blood): 
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 sAg  represents the surface concentration of unbound antigens and αi 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).  
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The antigen numbers , LAg0  and , SAg0  for liver and spleen are assumed to be 

proportional to the number of marginating granulocytes m LcellsN ,,  and m ScellsN ,, . To 

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 c BcellsN ,,  and m BcellsN ,, are 40 % and 60% of the total blood 

granulocytes pool, respectively. 

c Bcellsm Bcells NN ,,,, 5.1          (5) 

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

m LcellsN ,, and m ScellsN ,, are equal to 60% of the total blood marginating granulocytes. 

6.0)( ,,,,,,  m Scellsm Lcellsm Bcells NNN               (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).  

9.0)( ,,,,,,  m Scellsm Lcellsc Bcells NNN        (7) 

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. 
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Injections: 

Total amount of radiolabeled and unlabeled injected antibody 
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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.  
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Amount of half immunoreactive radiolabeled and unlabeled injected antibody: 
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Amount of non-immunoreactive radiolabeled and unlabeled injected antibody: 
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Data assigned to compartments: 
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x = underlying activity from arteries and veins in the red marrow. In ROIL2-L4 these are 

considered using equation (18) 
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TABLE A. Definition of parameters for data assignment 

 Description Value Unit Source 

exL liver fraction of extravascular delay compartment estimated unity [1] 

exS spleen fraction of extravascular delay compartment estimated unity [1] 

intL 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 

implemented in UlmDos to scale from L2-L4 (lumbar 

spine) to the entire red marrow 

170cm/ height 

(cm)/0.06665 

unity [11] 

crm individual correction for inadequate K estimated unity  
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Description of global model: Part A, fully immunoreactive antibody  
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Free antibody (i = red marrow, spleen): 
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Free antibody gastrointestinal tract 
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Description of global model: Part B, half immunoreactive antibody 
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Free antibody gastrointestinal tract 
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







 (34) 
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Description of global model: Part C, none immunoreactive antibody 

Free antibody (i = red marrow, spleen): 

 

                        ****

*

inaphyina

i

i
Pna

P

i
iina

inaphyina

i

i
Pna

P

i
iina

AbAb
V

F
Ab

V

F
VAb

dt

d

AbAb
V

F
Ab

V

F
VAb

dt

d









      (35) 

 

Free antibody liver 

 

 

                       

 

                        

***

I

***

*

I

LnaphyLna

L

GISL
GIna

G

GI
Sna

S

S
Pna

P

L
LLna

LnaphyLna

L

GISL
GIna

G

GI
Sna

S

S
Pna

P

L
LLna

AbAb
V

FFF
Ab

V

F
Ab

V

F
Ab

V

F
VAb

dt

d

AbAb
V

FFF
Ab

V

F
Ab

V

F
Ab

V

F
VAb

dt

d















        (36) 

 

Free antibody gastrointestinal tract 

 

  ****

*

GInaphyGIna

GI

GI
Pna

P

GI
GIGIna

GInaphyGIna

GI

GI
Pna

P

GI
GIGIna

AbAb
V

F
Ab

V

F
VAb

dt

d

AbAb
V

F
Ab

V

F
VAb

dt

d









        (37) 

 

Free antibody interstitial  

*

int

*

int

**

int

*

intintint

naphynaoutPnainna

naphynaoutPnainna

AbAbkAbkAb
dt

d

AbAbkAbkAb
dt

d









         (38) 
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Free main vascular compartment 

 

 

*

int

*

****

*

int

)(

)(

naoutPnaphyindu

RMna

RM

RM
Lna

L

GISL
Pna

P

RMGISL
PPna

Phaphyhaout

PnainduRMna

RM

RM
Lna

L

GISL

Pna

P

RMGISL
PPna

AbkAbk

Ab
V

F
Ab

V

FFF
Ab

V

FFFF
VAb

dt

d

AbAbk

AbkAb
V

F
Ab

V

FFF

Ab
V

FFFF
VAb

dt

d




























      (39) 

 

Submodel (for j=fa, ha, na) 

The following sub model for degraded antibody (
111

In-DTPA and 
111

In-low molecular 

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

Table A. 

*

jphyjclexPduj ExExAbEx
dt

d
            (40) 

****

jphyjclexPduj ExExAbEx
dt

d
   

*

, i, ,

,12,1,,

)(                 jPphyib

i

imonodb

jexMetaexjPMetaexjPcljclexjP

MetaAgAbAgAb

MetaMetaMetaExMeta
dt

d





 



 



i

jPphyibimonodb

jexMetaexjPMetaexjPcljclexjP

MetaAgAbAgAb

MetaMetaMetaExMeta
dt

d

*

,

*

 i,

*

 ,

*

,12

*

,1

*

,

**

,

)(                 



     (41) 
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 

*

,1,24

,132,1,1

jexphyjexMetaex

jexMetaexMetaexjPMetaexjex

MetaMeta

MetaMetaMeta
dt

d









 

*

,1

*

,24

*

,132

*

,1

*

,1

jexphyjexMetaex

jexMetaexMetaexjPMetaexjex

MetaMeta

MetaMetaMeta
dt

d








       (42) 

*

,2,24,13,2 jexphyjexMetaexjexMetaexjex MetaMetaMetaMeta
dt

d
 

*

,2

*

,24

*

,13

*

,2 jexphyjexMetaexjexMetaexjex MetaMetaMetaMeta
dt

d
        (43) 
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TABLE B Parameter definition 

Variable Description Value Unit Source 

rim 
probability for an antibody arm 
to be immunoreactive 

estimated unity  

kon, mono association rate monovalent 
0.006 l·nmol

-1
·min

-1
 [3] 

kon, bi surface association rate bivalent 
kon, bi = kon, mono ·E cm

2
·nmol

1 

·min
1 

[6] 

koff dissociation rate 
0.06 min

-1
 [12] 

αi 
abbreviation of enhancement 
factor and surface area of all 
cells of organ i  

E / (  icellscell Nr ,
2

4  ) cm
-3 

[6] 

E 
enhancement factor  1672000 

cm
-1

 [6] 

BW 
body weight 

individually measured kg  

Ncell, RM no. of CD66 expressing 
cells in the red m. 

188·10
8
/kg·BW unity [7,13] 

Ncell, S,m no. of marginating granulocytes 
in the spleen 

Ncell, S,m = Ag0,S/Ag0,KM·Ncell, RM unity [14] 

Ncell, L,m no. of marginating granulocytes 
in the liver 

Ncell, L,m = Ag0,L/Ag0,KM·Ncell, RM unity [14] 

Ncell, B,c  no. of circulating granulocytes 
in blood 

Equations (5),(6) and (7) unity [7,14] 

Ncell, B,m  no. of marginating granulocytes 
in blood 

Equations (5),(6) and (7) unity [7,14] 

rcell cell radius  
6.0 µm [15] 

F 
total plasma flow 

V·1.23*
 

ml·min
-1

  

FL plasma flow liver arterial  
F·0.065 ml·min

-1
 [5] 

FS 
plasma flow to spleen  

F·0.03 ml·min
-1

 [5] 

 
 

   

 
 

   

FGI plasma flow to GI tract 
0.16·F ml·min

-1
 [5] 

FRM 
plasma flow to red marrow 

F· frm ml·min
-1

  

frm 
fractional flow to red marrow 

estimated %  

V 
total plasma volume 

estimated with 
Bayesian information

†
 

ml  

 
 

   

VMRI,L measured total liver volume 
measured individually ml  

VMRI,S 
measured total spleen volume 

measured individually ml  
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VCal,L calculated total liver volume 
calculated individually ml [10] 

VCal,S 
calculated total spleen volume 

calculated individually ml [9] 

 
 

   

 
 

   

 
 

   

 
 

   

42, LLROIV   

blood volume in red marrow 
ROI from overlapping arteries 
and veins 

30 ml 
[16] 

VL volume of Ab distribution liver 
V ·0.1 ml  

VS 
volume of Ab distribution spleen 

V ·0.014 ml  

VGI volume of Ab distribution GI 
0.076·V ml [5] 

VRM volume of Ab distribution red 
marrow 

0.04·V ml [5] 

VP 
total plasma minus organs   

V - VL - VS - VGI - VRM  ml  

λphy physical decay 
111

In and 
90

Y 
1.72 · 10

-4
 and 1.80 · 10

-4
 min

-1
  

kin transport rate VP to interstitial 
space 

0.0017 min
-1

 [1] 

kout transport rate interstitial space 
to VP 

0.005 min
-1

 [1] 

λdb degradation of bound antibody 
estimated min

-1
  

λdu degradation of unbound 
antibody 

3.9 ·10
-4

 min
-1

 [1] 

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  

PTlf ,  
fraction of labeled antibody 
PTM 

2.3±0.3 %  

Tlf ,  
fraction of labeled antibody 
therapy 

21±6 %  

PTtotalAb ,
 

total amount of antibody used 
for labeling PTM 

   

TtotalAb ,
 

total amount of antibody used 
for labeling therapy 

   

TtotalA ,
 

total amount of activity used for 
labeling PTM 

   

PTtotalA ,
 

total amount of activity used for 
labeling therapy 
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PTinjA ,
 injected activity PTM 

   

TinjA ,
 injected activity therapy 

   

*

,PTinjAb
 

total amount of radiolabeled 
injected Ab for PTM 

 nmol  

PTinjAb ,  

total amount of unlabeled 
injected Ab for PTM  

 nmol  

*

,TinjAb
 

total amount of radiolabeled 
injected Ab for therapy 

 nmol  

TinjAb ,  

total amount of unlabeled 
injected Ab for therapy 

 nmol  

*

,, PTinjfaAb
 

radiolabeled injected fully 
immunoreactive Ab for PTM 

 nmol  

*

,, TinjfaAb
 

radiolabeled injected fully 
immunoreactive Ab for therapy 

 nmol  

*

,, PTinjhaAb
 

radiolabeled injected half 
immunoreactive Ab for PTM 

 nmol  

*

,, TinjhaAb
 

radiolabeled injected half 
immunoreactive Ab for therapy 

 nmol  

*

,, PTinjnaAb
 

radiolabeled injected none 
immunoreactive Ab for PTM 

 nmol  

*

,, TinjnaAb
 

radiolabeled injected none 
immunoreactive Ab for therapy 

 nmol  

PTinjfaAb ,,  

unlabeled injected fully 
immunoreactive Ab for PTM 

 nmol  

TinjfaAb ,,  

unlabeled injected fully 
immunoreactive Ab for therapy 

 nmol  

PTinjhaAb ,,  

unlabeled injected half 
immunoreactive Ab for PTM 

 nmol  

TinjhaAb ,,  

unlabeled injected half 
immunoreactive Ab for therapy 

 nmol  

PTinjnaAb ,,  

unlabeled injected none 
immunoreactive Ab for PTM 

 nmol  

TinjnaAb ,,  

unlabeled injected none 
immunoreactive Ab for therapy 

 nmol  

ifaAb ,  

unbound fully immunoreactive 
Ab in organ i 

 nmol  

ihaAb ,  
unbound half immunoreactive 
Ab in organ i 

 nmol  

inaAb ,  
unbound none immunoreactive 
Ab in organ i 

 nmol  

jAb ,int  
unbound antibody of interstitial 
spaces 

 nmol  

ibfaAgAb i,  

bivalently bound fully 
immunoreactive Ab of organ i 

 nmol  

ifaAgAb mono,  

monovalently bound fully 
immunoreactive Ab of organ i 

 nmol  

ihaAgAb mono,  
monovalently bound half 
immunoreactive Ab of organ i 

 nmol  

PTR  free nuclides for PTM 
 nmol  

TR  free nuclides for therapy 
 nmol  

Agi number of free antigens of 
organ i 

 nmol  
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[Ag]s surface concentration of antigen 
 mol·cm

-2
  

Ag0,i total antigens of organ i 
estimated nmol  

Exj 
degraded antibody in extra 
vascular (e.v.) delay  

 nmol [1] 

MetaP,j degraded antibody in plasma 
 nmol [17] 

Metaex1,j degraded antibody in e.v. 1  
 nmol [17] 

Metaex2,j degraded antibody in e.v. 2 
 nmol [17] 

λclex clearance from e.v. delay space 
3.9 · 10

-5 
min

-1
 [1] 

λMetaex1 vascular to e.v. 1  
0.39 min

-1
 [17] 

λMetaex2 e.v. 1 to vascular 
0.17 min

-1
 [17] 

λMetaex3 e.v. 1 to e.v. 2 
0.018 min

-1
 [17] 

λMetaex4 e.v. 2 to e.v. 1  
0.013 min

-1
 [17] 

λcl clearance from body 
0.047 min

-1
 [17] 

 

*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]

 

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

Vm,1= 100%/ [%Activity]serum, 1 and the body surface area.[18] V was set to Vm,1 and the standard 

deviation of V to Vm,1 -VBSA.  
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