
THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 1 • January 2019 Kletting et al. 

A. Equations, parameters and compartments 

PBPK model equations 

The following equations describe the transport of labelled (indexed with *) and unlabelled 

peptide via blood flow, extravasation, binding, internalization, degradation and release, 

excretion and radioactive decay. For therapy the peptide was intravenously injected as a 20 

min infusion. The PET tracer was injected as a bolus. The variables are defined in Table 

A.1. 

 

 

Bound and internalized peptide: 

Parotid, submandibular and lacrimal glands, tumour, kidneys, liver, spleen, GI and 
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Free peptide, vascular:  

Transcapillary extravasation is described by the permeability surface product (PSi) and the 

vascular (Vi,v) and interstitial volumes (Vi,int) of the pertaining tissue. Convection from the 

vascular to the interstitial space is neglected as the used peptide represents a rather small 

molecule (1). 

 

All tissues except kidneys and lungs 
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For brain PS = 0 
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Kidneys 
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Arteries 
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Free peptide, interstitial spaces: 
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Muscle, red marrow, skin, lungs, adipose tissue, heart, bone, rest and brain (PS = 0): 
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Parotid, submandibular and lacrimal glands, tumour, kidneys, liver, spleen, GI and 

prostate:  
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Further equations: 

Peptide in kidney cells (unspecific) 
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Bound to protein 
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SUPPLEMENTAL TABLE A1 Parameter definition 1 

Variable Value Unit Source 

kon association rate  0.046 
l·nmol-

1·min-1 
(2)a 

KD dissociation constant 1 nmol·l-1 (2)a 

koff dissociation rate KD· kon min-1  

λphy physical decay 177Lu and 68Ga 7.15·10-5/1.03·10-2 min-1  

BW body weight measured kg  

BH body height measured cm  

H hematocrit measured unity  

F flow total serum without tumour VP ·1.23/minb l·min-1 (3) 

VP volume of total body serum  2.8·(1- H)·BSA·(l·m-2) l (4) 

BSA body surface area 0.007184·BH0.725·BW0.425 m2 (4) 

ρ assumed density for all organs and tumour 1 ml ≙ 1 g   

     

Tumour 

VTU,total total volume of tumour 1 and 2  VTU,total,0 · e(λg·ΔT-αTU·BEDTU) l  

VTU,total,0 total volume of tumour 1 and 2 at time of PET/CT measured l  

ΔT Elapsed time after first PET/CT measured min  

BEDTU Biologically effective dose tumour equation 2 manuscript  Gyα/β  

αTU Radiosensitivity of tumour cells fitted Gy-1  

λg growth rate for androgen independent tumour cells  
bone: 5.12·10-6   

lymph node: 3.85·10-6   
min-1 (5) 

VTU,Rest,total total volume of rest tumour time of therapy 
xv·VVOI,TU,Rest·e (λg·ΔT-αTU·BEDTU) 

λg for bone was used  
l  

VTU,Rest,total,0 total volume of rest tumour time of PET xv·VVOI,TU,Rest l  

VVOI,TU,Rest PET/CT volume with 15-20% SUV max measured l  

xv ratio between actual volume and PET/CT volume 
Ratio derived from lesion 1 and 

2 
unity  

VTU, int   interstitial space of tumour  vTU,int·VTU,total l  

VTU, v   vascular space of tumour  vTU,v·VTU,total l  

VTU,Rest, int   interstitial space of tumour remainder vTU,int· VTU,Rest,total l  

VTU,Rest, v   vascular space of tumour remainder vTU,v· VTU,Rest,total l  

vTU,int interstitial space fraction of total tumour 0.38  unity (6) 

vTU,v vascular (serum) fraction of total tumour 0.05·(1-H) unity (7) 

FTU serum flow tumour  fTU·VTU,total l·min-1  

FTU,Rest serum flow tumour remainder fTU·VTU,Rest,total ml·min-1  

fTU serum flow density tumour fitted 
ml·min-

1·g-1 
(7,8) 

fTU,Rest serum flow density rest tumour fitted 
ml·min-

1·g-1 
 



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 1 • January 2019 Kletting et al. 

PSTU permeability surface area product tumour kTU·VTU,total ml·min-1  

PSTU,Rest permeability surface area product tumour remainder kTU·VTU_Rest,total ml·min-1  

kTU 
permeability surface area product tumour per unit 

mass (scaled for molecule size of PSMA I&T) 
0.6 (maximal value from (6)) 

ml·min-

1·g-1 
(7) 

kTU,Rest 
permeability surface area product tumour per unit 

mass (scaled for molecule size of PSMA I&T) 
kTU,Rest = kTU 

ml·min-

1·g-1 
 

[RTU,0] PSMA receptor density  fitted nmol·l-1  

[RTU,Rest, 0] PSMA receptor density tumour remainder xr·([RTU,1,0]+ [RTU,2,0])/2 nmol·l-1 (9) 

xr 
ratio between actual and assumed receptor density of 

tumour remainder 
1 unity  

RTU,0 PSMA receptor number  [RTU,0]·VTU,total nmol  

RTU,Rest, 0 PSMA receptor number tumour remainder c [RTU,Rest, 0]· VTU_Rest,total nmol  

λTU,int internalisation rate tumour 0.001 min-1 (10) 

λTU,release release rate tumour fitted min-1  

λTU,Rest,int internalisation rate tumour remainder 0.001 min-1 (10) 

λTU,Rest,release release rate tumour remainder (λTU,1,release + λTU,2,release)/2 min-1  

      

Liver, spleen and kidneys  

VL,total volume total liver  CT measured l (11) 
VS,total volume total spleen  CT measured l  

VK,total volume total kidneys  CT measured l  

Vi,v vascular (serum) volume organ liver, spleen, kidneys Vi,total·vi,v l  

Vi,int interstitial volume liver, spleen, kidneys Vi,total·vi,int l  

VK, intra volume intracellular kidneys (VK,total - VK,int - VK,v)·2/3d  l  

vL,v vascular (serum) fraction liver  0.085 unity (12) 

vS,v vascular (serum) fraction spleen  0.12 unity (12) 

vK,v vascular (serum) fraction kidneys  0.055 unity (12) 

vL,int interstitial fraction liver  0.2 unity (12) 

vS,int interstitial fraction spleen  0.2 unity (12) 

vK,int interstitial fraction kidneys  0.15 unity (12) 

FL serum flow liver arterial 0.065·F l·min-1 (3) 

FS serum flow spleen  0.03·F l·min-1 (3) 

FK serum flow kidney  fK· VK,total·(1-H) l·min-1  

fK age dependent blood flow to the kidney  fK,C – 0.026·Age 
ml·min-

1·g-1 
(13) 

fK,C kidney blood flow, age independent factor for all ages  fitted 
ml·min-

1·g-1 
 

φTherapy ratio of sieving coefficients therapy ΘPSMA I&T / ΘCr-51-EDTA= 0.66 unity (14) 

φPET ratio of sieving coefficients PET/CT ΘPET / ΘCr-51-EDTA= 0.75   

GFR glomerular filtration rate with 51Cr-EDTA FK·xk l·min-1 (15) 

xk filtrated fraction of blood blow fitted unity  

Ffil filtration  GFR·φi
 e l·min-1  

Fex excretion Ffil·fex l·min-1  



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 1 • January 2019 Kletting et al. 

fex excretion fraction 0.96 unity (16) 

kL 
permeability surface area product per unit 

mass for liver 
kMUS·100 

ml·min-

1·g-1 
(17) 

kS 
permeability surface area product per unit 

mass for spleen 

kL (due to similar capillary 

structure) 

ml·min-

1·g-1 
 

[RL,0] receptor density liver [RPRO,0]·0.05 nmol·l-1 (18) 

[RS,0] receptor density spleen [RK,0]·0.2 nmol·l-1 (18) 

[RK,0] receptor density kidneys fitted nmol·l-1  

λL, int internalization rate PSMA liver λTU, int  min-1 (19) 

λS, int internalization rate PSMA spleen λTU, int min-1 (19)  

λK, int internalization rate PSMA kidneys λTU, int min-1 (19)  

λL,release release rate liver λK,release min-1 (16,20) 

λS,release release rate spleen λK,release min-1 (16) 

λK,release release rate kidneys fitted min-1  

     

Other organs 

     

VPRO,total 
volume total prostate (not removed for patients with 

prostatectomy) 
0.016·BW/71 l (21) 

VLU,total volume total lungs 1·BW/71 l (21) 

VSAL,total volume total parotid gland  CT measured l  

VLAC,total volume total lacrimal glands  CT measured l  

VSUB,total volume total submandibular glands CT measured l  

VMUS,total volume total muscles 30.078·BW/71 l (21) 

VGI,total volume total GI + pancreas 
(0.385+0.548+0.104+0.15) 

·BW/71 
l (21) 

VSKIN,total volume total skin 3.408·BW/71 l (21) 

VADI,total volume total adipose tissue 13.465·BW/71 l  

VRM,total volume total red marrow 1.1·BW/71 l (21) 

VBONE,total volume total bone without red marrow 10.165·BW/71 - VRM,total l (21) 

VHRT,total volume total heart 0.341·BW/71 l (21) 

VBR,total volume total brain  1.45·BW/71 l (21) 

VBW volume of total body based on BW 1 ml ≙  1 g l  

VREST,total 
volume of rest body 

i = all organs except tumour −
i

iVV total,BW
 l  

VPRO,v vascular volume prostate 0.004 ·(1-H)·VPRO,total l (6) 

VLU,v vascular (serum) volume lungs 0.105·VP l (3) 

VSAL,v vascular (serum) volume parotid glands 0.03·(1-H)·VSAL,total  l (22) 

VLAC,v vascular (serum) volume lacrimal glands 0.03·(1-H)·VLAC,total   

VSUB,v vascular (serum) volume submandibular glands 0.03·(1-H)·VSUB,total   

VMUS,v vascular (serum) volume muscles 0.14·VP l (3) 

VGI,v vascular (serum)  volume GI+ pancreas 0.076·VP l (3) 
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VSKIN,v vascular(serum)  volume skin 0.03·VP l (3) 

VADI,v vascular(serum)  volume adipose tissue 0.05·VP l (3) 

VRM,v vascular(serum)  volume red marrow 0.04·VP l (3) 

VBONE,v vascular volume bone without red marrow 0.07·VP - VRM,v l (3) 

VHRT,v vascular (serum) volume heart (supply) 0.01·VP l (3) 

VBR,v vascular(serum)  volume brain  0.012·VP l (3) 

VREST,v serum volume rest i = all organs except tumour −
i

iVV v,P
 l  

VART arterial serum plus ½ serum content of heart 0.06·VP + 0.045·VP  l (3) 

VVEN venous serum plus ½ serum content of heart 0.18·VP + 0.045·VP l (3) 

VPRO,int interstitial fraction prostate 0.25·VPRO,total l (6) 

VLU,int interstitial fraction lungs VLU,v·αLU l  

VSAL,int interstitial fraction parotid glands 0.23·VSAL,total l (22) 

VLAC,int interstitial fraction lacrimal glands 0.23·VLAC,total l  

VSUB,int interstitial fraction submandibular glands 0.23·VSUB,total l  

VMUS,int interstitial fraction muscles VMUS,v·αMUS l  

VGI,int interstitial fraction GI+ pancreas VGI,v·αGI l  

VSKIN,int interstitial fraction skin VSKIN,v·αSKIN l  

VADI,int interstitial fraction adipose tissue VADI,v·αADI l  

VRM,int interstitial fraction red marrow VRM,v·αRM l  

VBONE,int interstitial fraction bone without red marrow VBONE,v·αBONE l  

VHRT,int interstitial fraction heart VHRT,v·αHRT l  

VREST,int volume of rest body  VREST,v·αREST l  

αMUS ratio of interstitial to vascular volume average man VMUS,int/VMUS,v = 5.9   unity (12) 

αGI ratio of interstitial to vascular volume average man VGI,int/ VGI,v = 8.8   unity (12) 

αSKIN ratio of interstitial to vascular volume average man VSKIN,int/ VSKIN,v = 8.9   unity (12) 

αADI ratio of interstitial to vascular volume average man VADI,int/ VADI,v = 15. 5   unity (12) 

αRM ratio of interstitial to vascular volume average man VRM,int/ VRM,v = 3.7   unity (12) 

αHRT ratio of interstitial to vascular volume average man VHRT,int/ VHRT,v  = 3.7   unity (12) 

αLU ratio of interstitial to vascular volume average man VLU,int/ VLU,v  = 5.5   unity (12) 

αBONE ratio of interstitial to vascular volume average man VBONE,int/ VBONE,v  = 8.4   unity (12) 

αREST ratio of interstitial to vascular volume average man VREST,int/ VREST,v  = 4.1   unity (12) 

     

fPRO serum flow density prostate 0.18·(1-H) 
ml·min-

1·g-1 
(6) 

FPRO total serum flow to prostate fPRO·VPRO,total ml·min-1  

fSAL serum flow density parotid glands 0.16 
ml·min-

1·g-1 
(23) 

FSAL total serum flow to parotid glands fSAL·VSAL,total ml·min-1  

fLAC serum flow density lacrimal glands fSAL 
ml·min-

1·g-1 
 

FLAC total serum flow to lacrimal glands fLAC·VLAC,total ml·min-1  
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fSUB serum flow density submandibular glands fSAL 
ml·min-

1·g-1 
 

FSUB total serum flow to submandibular glands fSUB·VSUB,total ml·min-1  

FLU total serum flow lungs FTOTAL ml·min-1 (3) 

FMUS total serum flow to muscle 0.17·F ml·min-1 (3) 

FGI total serum flow to GI+ pancreas 0.16·F ml·min-1 (3) 

FSKIN total serum flow to skin 0.05·F ml·min-1 (3) 

FADI total serum flow to adipose 0.05·F ml·min-1 (3) 

FRM total serum flow to red marrow (RM) 0.03·F ml·min-1 (3) 

FBONE total serum flow to bone (without RM) 0.05·F ml·min-1 (3) 

FHRT total serum flow to heart 0.04·F ml·min-1 (3) 

FBR total serum flow to brain 0.12·F ml·min-1 (3) 

FREST i = all organs except tumour −
i

iFF  ml·min-1  

FTOTAL total serum flow including tumour tissue RESTTU,TU,2TU,1 FFFF +++  ml·min-1  

PSi permeability surface area product ki·Vi, total ml·min-1  

kPRO 
permeability surface area product per unit mass (scaled 

for molecule size of PSMA I&T) for prostate 
0.1 

ml·min-

1·g-1 
(6) 

kLU 
permeability surface area product per unit mass for 

lungs 
kMUS·100 

ml·min-

1·g-1 
(17) 

kSAL 
permeability surface area product per unit mass for 

parotid glands 
0.4 

ml·min-

1·g-1 
(24) 

kLAC 
permeability surface area product per unit mass for 

lacrimal glands 
kSAL 

ml·min-

1·g-1 
 

kSUB 
permeability surface area product per unit mass for 

submandibular glands 
kSAL 

ml·min-

1·g-1 
 

kMUS 
permeability surface area product per unit mass for 

muscle 
0.02 

ml·min-

1·g-1 
(17) 

kGI 
permeability surface area product per unit mass for GI 

and pancreas 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
 

kSKIN 
permeability surface area product per unit mass for 

skin 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
 

kADI 
permeability surface area product per unit mass for 

adipose 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
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kRM 
permeability surface area product per unit mass for red 

marrow 
kL(assumed to similar to liver) 

ml·min-

1·g-1 
 

kHRT 
permeability surface area product per unit mass for 

heart 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
 

kBONE 
permeability surface area product per unit mass for 

bone 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
 

kREST permeability surface area product per unit mass for rest 

0.02 

(assumed to similar to 

muscle) 

ml·min-

1·g-1 
 

[RPRO,0] receptor density prostate [RTU,Rest,0] ·110 nmol l-1 (23,25) 

[RSAL,0] receptor density parotid glands  42 nmol l-1 (23) 

[RLAC,0] receptor density lacrimal glands  [RSAL,0] nmol l-1  

[RSUB,0] receptor density submandibular glands  [RSAL,0] nmol l-1  

[RGI,0] receptor density GI + pancreas [RPRO,0]·0.06 nmol l-1 (18) 

λNT,int 
internalization rate for normal 

tissue 
λTU,int min-1 (19) 

λSAL,int internalization rate for parotid glands λTU,int min-1  

λLAC,int internalization rate for lacrimal glands λTU,int min-1  

λSUB,int internalization rate for submandibular glands λTU,int min-1  

λNT,release  
degradation and release normal tissue 

(except salivary glands) 
λK,release min-1  

λSAL,release  degradation and release parotid glands 0.00037 min-1 (23) 

λLAC,release  degradation and release lacrimal glands λSAL,release min-1  

λSUB,release  degradation and release submandibular glands λSAL,release min-1  

R receptors free   nmol  

Ri,0 receptors total number of PSMA positive organ i [Ri,0]·Vi,total nmol  

[Ri,0] receptor density of PSMA positive organ i  nmol l-1  

RPi peptide bound   nmol  

PRP peptide bound to serum protein  nmol  

kPR binding rate peptide to serum 4.7·10-4 min-1 (10) 

Pi,intern peptide internalized   nmol  

Pi,v peptide free vascular  nmol  

Pi,int peptide free interstitial  nmol  

PK,intra peptide interacellular kidneys  nmol  

Pinj injected amount of unlabeled peptide P1-5: 139; 91; 81; 67;294 nmol  

P*inj injected amount of labeled peptide P1-5: 8.4;7.5; 7.5;7.5;7.8 nmol  
 1 
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aMean values from all measured (surface-plasmon-resonance-spectroscopy) ligands. The measured dissociation constant values are considerably lower than reported 1 

in the literature.  The values for the therapeutic (26) and PET ligand (27) are very similar. Using the KD literature values (26,27), which were derived using 2 

competitive cell binding (KD =12 nM) or enzyme based assays (KD =7.5 nM), for fitting the PBPK/PD model to human data, leads to inferior results (e.g. lower R2 3 

and higher AICc). Thus, is seems that kon and koff values determined using surface-plasmon-resonance-spectroscopy are more supported by human in vivo data.    4 

bFor 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 serum flow due 5 

to volume changes. 6 

cUsing the assumption of 266 nmol·l-1 receptor density (9), 1012 cells per liter and 10 ml or 50 ml addition tumour volume.  7 

dIt is assumed that 2/3 of the total intracellular volume of the kidneys is represented by the proximal tubular cells  8 

eScaling of GFR due to different molecular sizes  9 

10 
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Absorbed dose (D) and biologically effective dose (BED): 1 

To calculate the absorbed dose (only self-dose was considered) and the BED of the kidneys and tumour the following equations and 2 

parameter values (Table B) were used:  3 

iiiiiii StaAStAtD 

•

== )()()( inj   (14) 4 

iii

T

ii STaAttDTD 

•

==  )(~d)()( inj
0

  (15) 5 

The BED (28) is defined as 6 

)
/

1(
 i

ii

i
ii D

G
DBED +=


  (16) 7 

The factor Gi (Lea–Catcheside factor) (28) is defined as 8 

 
d)(d)(

2
)(

)(

002 

−−
••

= 
t

t

i

T

i

i

i
ieDttD

D
TG  (17) 9 

Thus, after inserting Eq. (17) in (16) one obtains 10 

ii

t
t

i

T

i

ii

ieDttD
DBED



 

/

d)(d)(2
)(

00

 

−−
••


+=


 (18) 11 

 12 

 13 

14 



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 1 • January 2019 Kletting et al. 

SUPPLEMENTAL TABLE A2 1 

Variable 
 
 

Value Unit Source 

SKK Dose factor kidneys to kidneys 
4.82·10-6· 0.299/ 

VK,total,measured 
Gy·min-1·MBq-1 (11) 

STUTU Dose factor tumour to tumour a 

S = 82.81/(VTU,total·1000)  

+ 1.21/(VTU,total·1000)2/3 

– 0.11/(VTU,total·1000)1/3 

Gy·min-1·MBq-1 (29) 

α/βK radiobiological parameters kidneys 2.5 Gy (30) 

µK repair rate kidneys ln(2)/60/2.8 min-1 (30) 

α/βTU radiobiological parameters tumour 1.49 Gy (31) 

µTU repair rate tumour ln(2)/60/1.9 min-1  

ãi time-integrated activity coefficient of organ i  h  

ai fraction of administered activity of organ i  unity  

Di dose to organ i  Gy  

Ḋi dose rate to organ i  Gy·min-1  

T Integration time  30000 min  

Gi Lea–Catcheside factor of organ i  unity (32) 

BEDi biologically effective dose to organ i  Gy (32) 

  2 

a
The function S = A/(VTU,total·1000) + B/(VTU,total·1000)2/3 – C/(VTU,total·1000)1/3 (valid for tumours > 1 ml) was fitted to the OLINDA data for 177Lu spheres.3 
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PBPK Model compartments 1 

 2 

 3 
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Supplemental Figure A. Main model structure: All organs are represented by a 

rectangular compartment and connected via the serum flow. Each organ within this 

model, except arteries, veins, brain and protein serum, is divided into sub-

compartments. The substance is cleared via the kidneys. The compartment “Peptide-

Protein serum” contains peptide bound to serum protein. As the fraction of bound 

peptide to proteins is small compared to the total amount and to reduce complexity, 

only the „veins“ were connected to this compartment. The corresponding fraction for 

each specific organ is considered in the fitting process by assigning the data to the 

specific compartments. 

 

Supplemental Figure B1.  GI, spleen, prostate, submandibular, lacrimal and 

parotid glands and tumour: The entire model consists of three systems, one for 

labelled (with *) and one for unlabelled peptide. The systems are connected by the 

competition for free receptors (kon,nonl,i = kon∙(R0,i-RPi-RPi*)/Vi,int ) and by physical 

decay (λphys). All physiological parameters are assumed to be equal for the labelled 

and unlabelled substance.  

koff is the dissociation rate, the transport of peptide via serum flow to organ i is 

described by Fi/VART (where Fi is serum flow and VART is serum volume of the 

arteries), Fi /Vi,v describes the transport of peptide via serum flow out of organ and 

(where Fi is serum flow and Vi,v is serum volume of the respective organ, RPi is 

PSMA specific bound peptide to the cell surface, Pi,v and Pi,int is free peptide of the 
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Supplemental Figure B2.  Liver: For the liver the model description of B1 applies 

but the serum flow is composed of liver arterial, GI and spleen flow. 
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 11 

Supplemental Figure B3. Kidneys: The peptide is transported via serum flow to the 

vascular compartment then filtrated into the interstitial part. Due to the 

administration of amino acids the largest fraction (fex = 0.96) of peptide is excreted. 

All unspecific uptake mechanisms are modelled with flow GFR·φ·(1-fex) in and out 

of kidney cells.  GFR was measured with Cr-51-EDTA. 
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 7 

8 

Supplemental Figure C. PSMA negative tissue and brain: For adipose, bone 

(other than red marrow), skin, heart (C1) and lung (C2) the model on the organ level 

simplifies to the transport of peptide via serum flow and transcapillary extravasation. 

For brain (C3) the model reduces to serum flow.  
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 4 

Supplemental Figure D. Arteries and veins: As the fraction of bound peptide to proteins (PRP) is small compared to the total amount 5 

and to reduce complexity, only the „veins (D2)“ were connected to PRP. The corresponding fraction for each specific organ is considered 6 

in the fitting process by assigning the data to the specific compartments. 7 

8 
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B. Background corrections 1 

Assigning tumour data from planar scintigraphy to model compartments 2 

For fitting the model parameters to the data derived from the therapeutic planar images, the following equation was used to assign the tumour data to the 3 

compartments of the PBPK model:  4 

  5 

    (B.1) 6 

 7 

Where a(t) is the fraction of administered activity of a specific tumour ROI, amountinjected the total injected therapy amount, fhot is the fraction of labelled peptide, 8 

AROI,TU is the area of the drawn ROI in the planar image, hPET,TU is the patient thickness (minus tumour diameter) at the particular location of the tumour measured in 9 

the PET/CT image, VMUS,total and VADI,total is the total muscle and adipose volume (Supplement A) and  are the amount 10 

of labelled peptide in the vascular, interstitial, bound and internalized tumour compartment, respectively.  describe 11 

the amount of labelled peptide in the vascular and interstitial spaces of muscle and adipose tissue, respectively. For tumour dose calculation only compartments 12 

pertaining to the tumour were used. The fraction of peptide bound to blood pool protein was neglected. 13 

 14 

Assigning tumour data from PET/CT to model compartments 15 

For fitting the model parameters to the data derived from the pre-therapeutic PET/CT images, the following equation was used to assign the data to the compartments 16 

of the PBPK model: 17 

      (B.2) 18 

Where VVOI,TU,1 is the estimated volume using the pre-therapeutic PET image with an threshold of 20-50% so that the CT tumour volume and the PET match.  19 

VVOI,TU,2 is the estimated volume using the pre-therapeutic PET image with an threshold of 10-20% leading to a 5 mm larger radius (i.e. one voxel) that for VVOI,TU,2 to 20 

get all activity contained in the tumour. The activity derived using VVOI,TU,2 was used as data point  and was indirectly background corrected using the 21 

above described data assignment.    22 

 23 

Assigning REST tumour data from PET/CT to model compartments 24 

For tumour remainder (rest), the following equation was used in the fitting of model parameters to the data derived from the pre-therapeutic PET/CT images: 25 

(B.3) 26 

 was derived with an threshold of 15-20%. Where xv is the correction factor to get the actual tumour volume (this information is derived from two 27 

tumour lesions ). xv P1-13: 0.62,0.55,0.67,0.55,0.53,0.58,0.61,0.72.0.44,0.34,0.35,0.62,0.55. 28 

Assigning kidney data from PET/CT to model compartments 29 

 30 

    (B.4) 31 

Where VVOI,K is the volume used for activity quantification with an threshold of 10-20% leading to a 5 mm larger radius (i.e. one voxel) than that of the kidney 32 

volume, VK,total, estimated using the CT.  33 
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SUPPLEMENTAL TABLE B1. Patients measurement time post injection 

Patient no. Measurement times (h) 

P1 1.1 22 44 70 166 

P2 1.3 18  66 163 

P3 0.5 18 46 68 165 

P4 2.2 19 47 67 164 

P5 0.3 23   160  

P6 0.3 21   164 

P7 2.1 25   163 

P8 0.4 22   167 

P9 0.6 20   165 

P10 0.2 20   162 

P11 0.3 18   162 

P12 0.3 21   163 

P13 0.2 17   161 
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C.  
SUPPLEMENTAL FIGURE C1. Example of typical fit (P1): PET (A) and therapy (B) 
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SUPPLEMNETAL FIGURE C2. Fits of P5 (lowest R²): PET (A) and therapy (B) 
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SUPPLEMENTAL TABLE C1.  Averaged estimated pharmacokinetic parameters of leave-one-out jackknife populations 

(PSA positive patients) 

Quantity Organ Parameter  Unit Mean SD Literature 

PSMA receptor density Kidneys [RK,0] nmol·l-1 16 4.3 - 

 Tumor lesion [RTU,0]   45 28 
16-160* 

 Tumor REST [RTU,Rest,0] = ([RTU,1,0]+ [RTU,2,0])/2    

Release rate Kidneys λK,release  min-1 2.2 x 10-4 6.0 x 10-5 0.5- 2.3 x 10-4† 

 Tumor λTU,release  min-1 1.4 x 10-4 6.0 x 10-5 0.0- 3 x 10-4† 

Serum flow density   Tumor lesion fTU,0 ml·min-1·g-1 0.14 0.12 
0.1‡ 

 Tumor REST fTU,Rest  ml·min-1·g-1 0.06 0.034 

 Kidneys fK = fK,C – 0.026·Age ml·min-1·g-1    

  fK,C ml·min-1·g-1 4.0 0.39 4.3§ 

 

Each patient file was fitted separately using an iterative fitting. After each iteration, the mean and standard deviation were obtained and used as 

Bayesian information in the next step, until convergence. The pharmacokinetic information of the remaining tumor is contained in the total body scan 

and the PET measurement. 

*Assuming densities of 108- 109 cells/ml [1] and 100.000 copies/cell [2]   

† Derived using a PBPK for a sst2 specific 111In labeled ligand [3] 

‡ Normally tumor blood flow ranges between 0.01-1.0 ml·min-1·g-1. 0.1 ml·min-1·g-1 is often used as typical e.g. for simulations studies 

[4] 

§ [5] 

 



THE JOURNAL OF NUCLEAR MEDICINE • Vol. 60 • No. 1 • January 2019 Kletting et al. 

 

SUPPLEMENTAL TABLE C2.  Coefficients of determination R² of the fits of total body, tumor lesion 1, tumor lesion 2 and 

the kidneys of all patients (without P7). 

Patient no. Coefficient of determination R² 

 Total body Tumor lesion 1 Tumor lesion 2 Kidneys 

P1 0.98 1.00 1.00 1.00 

P2 0.89 1.00 1.00 1.00 

P3 0.73 1.00 1.00 1.00 

P4 0.80 0.99 0.98 1.00 

P5 0.91 0.77 0.40 0.94 

P6 0.99 0.89 0.99 0.88 

P8 0.96 0.94 0.99 1.00 

P9 1.00 0.92 0.81 0.98 

P10 0.99 0.87 0.97 1.00 

P11 0.94 0.84 0.91 1.00 

P12 0.94 0.95 0.86 0.92 

P13 0.98 0.86 0.95 0.98 
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