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

Al

Bound and internalized peptide:

Parotid, submandibular and lacrimal glands, tumour, kidneys, liver, spleen, Gl and

prostate:

Constraint for total PSMA receptors Ro,i (saturable binding)
R,; =R +RP, +RP;

Internalized peptide

d .
a I:)intem,i = ﬂ“int,i : RPI - ﬂ‘release,i ’ I:)intern,i + /1phy : I:)intern,i
d * * * *
a Pintern,i = ﬂ’lnt,i ’ RPl - ﬂ’release,i ’ I:)intern,i - ﬂ’phy : I:)intern,i

Bound peptide on cell surface

%RPI = kon : l:)i,int : Ri _(koff +ﬂflnt,i) : RPI +ﬂ“phy : RPI*
i,int

d * * RI * *

aRpl = I(on : I:)i,int '__(koff +2’|nt,i)' RPI _ﬂ“phy ’ RPI

i,int
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Free peptide, vascular:

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

vascular (Viyv) and interstitial volumes (Viint) 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

P P P, \
ipiv Ly Poaar _Fiv + Ay - Pl
dt ’ Vi,int Vi,v VART Vi,v ’
» P P wr P »
EI:)iv:F)Si T +Fi E_J _ﬂ“phy'Piv
dt Y Vi,int Vi,v VART Vi,v ’
For brain PS =0
Lungs
P, P P \
i PLU y — PS N LU, int _ LU,v + F I:)VEN _ LU,v + /Iphy X PLU y
dt Y VLU,int VLU,V VVEN VLU,V ’
. Pum PL P .
i PLU . — PS N LU,int _ LU,v + F PVEN . LU,v _ iphy . PLU .
dt ’ VLU,int VLU,V VVEN VLU,V ’
Kidneys
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d R v F I:)in ra *
— Py = = (Fy + F) + 5 Pagr + - (Fy — ) + Aoy - Py
dt VK,v ART intra, K ( 6)
d.- P Fe o . Pun .
at Pev = _\/L'(Ffil + F) + 5 Py + - (Fy - F, ) = Aoy - Py
Kyv ART intra, K
Veins
d F, F F Fy +F .
a Puen = —Kpr - Pyen + ZV_Pi,v - V_M PM,V - V_GI PGI,V + % PL,v + /1phy “Puen
[ M Gl L
()
d - . oF_ Fyo« Fyor Fy+Fy o .
a Pren = _kPr Pen + ZV_PW - V_M PM,V - V_GI PGI,V + % PL,V - /lphy “Puen
i M Gl L

Arteries

d Fi F *

a ART = _ZV Py +V—' Pluy + /1phy *Pagr

ART LUy
' 8
d * F| F * ( )
dt Parr = _ZV P+ v Py — ﬂ’phy *Pagr
ART LUy

Free peptide, interstitial spaces:

Kidneys:
d R Pev  Pcin .
a Kint — _kon ' PK,int V_K + koff : RPK + Ffil (VL _LJ + /1phy ) PK,int
K,int K,v K, int (9)
d - ~ R . Pev  Pein .
a PK,int = _kon ) PK,int 'VK,};t + koff ‘RP+Fy [\i - \ﬁJ - ﬂphy ’ PK,int
Kletting et al.
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Muscle, red marrow, skin, lungs, adipose tissue, heart, bone, rest and brain (PS = 0):

*

I:)i,v I:)i,int
P =PS; V. V. + Aoy Piin

iV iint

* PI*V I:)i*,int *
—Pim =PS; v _V_ - /1phy P
iV i,int

(10)

Parotid, submandibular and lacrimal glands, tumour, kidneys, liver, spleen, Gl and

prostate:

*

EI:)i,int =—Ken - P 'i"'koﬁ -RR +Psi[ = _ﬂ]"‘/lphy P
dt Vi V

I I:)i*,int = _kon ’ I:>i*,int ' ! + koff ’ RI:)i* + PSI[ W ]_ ﬂ’phy ) I:>i*,int

dt Vi,int Vi,v i,int
Further equations:
Peptide in kidney cells (unspecific)

d Pin Pin T *
E intra, K — e (Ffil - Fex) — K '(Fﬁl - Fex) + ﬂphy ’ Pintra,K

int, K intra, K

d =} P (12)
a Pi:tra, K = ﬁ : (Ffil - Fex) - :::: ) (Ffil - Fex) - ﬂ“phy ' I:>ir?tra, K

Bound to protein

d N

a PRP =Kqg - Pyen + Ay - PRP

(13)

*

d * *
5t PRP” =Ken Plen = 2, - PRP

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



SUPPLEMENTAL TABLE Al Parameter definition

Variable Value Unit Source

- I-nmol
Kon association rate 0.046 L.mint (2?2
Kb dissociation constant 1 nmol-It | (2)2
Kot dissociation rate Kb- Kon min-?
Aphy physical decay Y’Lu and %8Ga 7.15-105/1.03-102 min!
BW body weight measured kg
BH body height measured cm
H hematocrit measured unity
F flow total serum without tumour Vp -1.23/min® I-min! 3)
Vp volume of total body serum 2.8:(1- H)-BSA-(I'm?) I 4)
BSA body surface area 0.007184-BHO725-BW0o425 m? 4
p assumed density for all organs and tumour Iml21lg
Tumour
VU, total total volume of tumour 1 and 2 VTU,total,0 - €¥9"AT-TU-BEDTU) |
VU total,0 total volume of tumour 1 and 2 at time of PET/CT measured |
AT Elapsed time after first PET/CT measured min
BEDu Biologically effective dose tumour equation 2 manuscript GYaup
aty Radiosensitivity of tumour cells fitted Gyt

. bone: 5.12-10° -
Ag growth rate for androgen independent tumour cells lymph node: 3.85-10° min (5)
. . .o (Ag-AT-aTUu-BEDTU)
VruRestioal | total volume of rest tumour time of therapy Xy VvorTuest€ I
Ag for bone was used

VTuResttotalo | total volume of rest tumour time of PET Xv- VVOI,TU Rest |
Vvol,TU Rest PET/CT volume with 15-20% SUV max measured |
Xv ratio between actual volume and PET/CT volume ? atio derived from lesion 1 and unity
VU, int interstitial space of tumour VTU,int* VTU total |
VTu,v vascular space of tumour VTU v VTU total |
VTU Rest, int interstitial space of tumour remainder VTU,int VTU Rest,total I
VTURest, v vascular space of tumour remainder VTUv: VTU Resttotal I
VTU,int interstitial space fraction of total tumour 0.38 unity (6)
VTuy vascular (serum) fraction of total tumour 0.05-(1-H) unity (7
Fru serum flow tumour fru-VTu,total I-min?
FruRest serum flow tumour remainder fru-VTu Rest otal ml-min!
fru serum flow density tumour fitted Té'_[mn (7,8)
fru Rest serum flow density rest tumour fitted Tgll'_?"n
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PStu permeability surface area product tumour kru-VTu,total ml-min!
PStu Rest permeability surface area product tumour remainder Ktu-VTu_Resttotal ml-min?

ermeability surface area product tumour per unit - ml-min-
kry Pnass (scale)cg for moleculepsize of PSMA IFéLT) 0.6 (maximal value from (6)) Lgt )
K70 Rt permeability surface area pr_oduct tumour per unit Kt Rest = KTU ml-min-

’ mass (scaled for molecule size of PSMA 1&T) ' Lgt
[RTu] PSMA receptor density fitted nmol- |
[Rru,Rest, o] PSMA receptor density tumour remainder Xr([Rru,1.0]+ [Rru2,0])/2 nmol-I" | (9)
ratio between actual and assumed receptor density of .
Xr - 1 unity
tumour remainder

Rtuo PSMA receptor number [Rru.0]-VTutotal nmol
RTu Rest, 0 PSMA receptor number tumour remainder ¢ [RTuRest,0]- VTU_Resttotal nmol
ATU,int internalisation rate tumour 0.001 min-? (10)
ATU release release rate tumour fitted min-?
ATU Rest,int internalisation rate tumour remainder 0.001 mint (10)
ATuRestrelease | release rate tumour remainder (ATu L release + ATU 2 release)/2 min-?
Liver, spleen and Kidneys
VL total volume total liver CT measured | (11)
Vs total volume total spleen CT measured |
VK total volume total kidneys CT measured |
Viyv vascular (serum) volume organ liver, spleen, kidneys VitotalViy |
Vijint interstitial volume liver, spleen, kidneys Vitotal - Viint I
VK, intra volume intracellular kidneys (VKdotal = VKiint - Vky)-2/3¢ I
Vi vascular (serum) fraction liver 0.085 unity (12)
Vsv vascular (serum) fraction spleen 0.12 unity (12)
VK vascular (serum) fraction kidneys 0.055 unity (12)
VLint 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 I-min! 3)
Fs serum flow spleen 0.03-F [-min-? 3)
Fx serum flow kidney fi- Vk,total-(1-H) I-mint
fx age dependent blood flow to the kidney fk.c — 0.026-Age Té'_[mn (13)
f ki . . ml-min
K.C idney blood flow, age independent factor for all ages | fitted Lyl
@ Therapy ratio of sieving coefficients therapy Orsma 1&T | Ocr-s1-EnD7A= 0.66 unity (14)
QPET ratio of sieving coefficients PET/CT Oret | Ocrs1-eD1A=0.75
GFR glomerular filtration rate with 1Cr-EDTA FrXk I-min! (15)
Xk filtrated fraction of blood blow fitted unity
Fil filtration GFR-¢i® I-min!
Fex excretion Fit-fex I-mint
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fex excretion fraction 0.96 unity (16)
ke Pr?;giitrnll :\% rsurface area product per unit knus-100 Tgl}_;mn a7
ks permeability surface area product per unit kL (due to similar capillary ml-min

mass for spleen structure) Lgt
[Rio] receptor density liver [Rrro,0]-0.05 nmol-I1 | (18)
[Rso] receptor density spleen [Rk,0]-0.2 nmol-I1 | (18)
[Rk.0] receptor density kidneys fitted nmol-I*
AL, int internalization rate PSMA liver 27U, int min‘t (19)
As, int internalization rate PSMA spleen ATU, int min-t (19)
AK, int internalization rate PSMA kidneys AT, int min-t (19)
AL release release rate liver K release min-1 (16,20)
As release release rate spleen AK release min-? (16)
AK release release rate kidneys fitted min?t
Other organs
VpRo ol \;;?ggtn;ti ;?;?]Iq }E))rostate (not removed for patients with 0.016-BW/71 | 1)
VLutotal volume total lungs 1.BW/71 I (21)
VsaL total volume total parotid gland CT measured I
VLAc total volume total lacrimal glands CT measured |
VsuBtotal volume total submandibular glands CT measured |
VMustotal volume total muscles 30.078-BW/71 I (21)
Vai,total volume total GI + pancreas $g®3310.548+0.104+0.15) I (21)
VsKiN,total volume total skin 3.408-BW/71 I (21)
VAb\,total volume total adipose tissue 13.465-BW/71 |
VRM,total volume total red marrow 1.1-BW/71 I (21)
VBONE total volume total bone without red marrow 10.165-BW/71 - Vrmi,total I (21)
VHRT,total volume total heart 0.341-BW/71 I (21)
VEBRtotal volume total brain 1.45-BW/71 I (21)
Vew volume of total body based on BW Iml2 1g I

volume of rest bod
VResT ot i = all organs excegt tumour Vew - Zviv“"a' I
Vprow vascular volume prostate 0.004 -(1-H)-Vprootal I (6)
Viuy vascular (serum) volume lungs 0.105-Vp I 3)
VsaLyv vascular (serum) volume parotid glands 0.03-(1-H)-VsAL total | (22)
Viacy vascular (serum) volume lacrimal glands 0.03-(1-H)-VLAc total
VsuBy vascular (serum) volume submandibular glands 0.03:(1-H)-Vsusitotal
Vmusy vascular (serum) volume muscles 0.14-Ve I 3)
Vaiyv vascular (serum) volume Gl+ pancreas 0.076-Vp | ?3)
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VsKiNy vascular(serum) volume skin 0.03-Ve I 3
Vabiy vascular(serum) volume adipose tissue 0.05-Vp [ 3)
VRM,v vascular(serum) volume red marrow 0.04-Vp I 3)
VBONEwY vascular volume bone without red marrow 0.07-Ve - VRmy I 3)
VHRTY vascular (serum) volume heart (supply) 0.01-Vp I 3)
VBRy vascular(serum) volume brain 0.012-Vp I 3)
VResTyv serum volume rest i = all organs except tumour Ve — ZVLV |

1
VART arterial serum plus % serum content of heart 0.06-Ve + 0.045-Vp I 3)
VVEN venous serum plus ¥ serum content of heart 0.18-Vp + 0.045-Vp I 3)
VPRo,int interstitial fraction prostate 0.25-Vprototal I (6)
VLuint interstitial fraction lungs Viuy-aru |
VsaL,int interstitial fraction parotid glands 0.23-VsaL total I (22)
Viaciint interstitial fraction lacrimal glands 0.23-ViActotal I
Vsus,int interstitial fraction submandibular glands 0.23-Vsus,otal I
VMus,int interstitial fraction muscles VMus,v-oMUs |
Valint interstitial fraction Gl+ pancreas Vaiyv-acl |
VsKiN,int interstitial fraction skin VSKIN,v* 0SKIN |
Vaplint interstitial fraction adipose tissue VDl 0ADI |
VRM,int interstitial fraction red marrow VRM,v* GRM |
VBONE,int interstitial fraction bone without red marrow VBONE,v* 0BONE I
VHRT,int interstitial fraction heart VHRT,v: OHRT |
VREST,int volume of rest body VREST v* OREST I
OMUS ratio of interstitial to vascular volume average man Vmus,in/Vmusy = 5.9 unity (12)
acl ratio of interstitial to vascular volume average man Va,int/ Vaiy = 8.8 unity (12)
GSKIN ratio of interstitial to vascular volume average man Vskinint/ Vskiny = 8.9 unity (12)
0ADI ratio of interstitial to vascular volume average man Vaolint/ Vapiy = 15.5 unity (12)
ORM ratio of interstitial to vascular volume average man Vem,int/ Vemy = 3.7 unity (12)
OHRT ratio of interstitial to vascular volume average man Vhrr,int/ VHrTy = 3.7 unity (12)
oLy ratio of interstitial to vascular volume average man Vivu,ind Viuy =5.5 unity (12)
OIBONE ratio of interstitial to vascular volume average man VeonE,in/ VeoneEy = 8.4 unity (12)
OREST ratio of interstitial to vascular volume average man Vrest,int/ VResTy = 4.1 unity (12)
fero serum flow density prostate 0.18-(1-H) Tg_inm (6)
Frro total serum flow to prostate frro-VPROtotal ml-min!
fsaL serum flow density parotid glands 0.16 Té'_[mn (23)
FsaL total serum flow to parotid glands fsaL-VsALtotal ml-min!
fLac serum flow density lacrimal glands fsaL Té'_inm
FLac total serum flow to lacrimal glands fLac-Viac total ml-min!
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ml-min-

fsus serum flow density submandibular glands fsaL Lyl
Fsus total serum flow to submandibular glands fsus-Vsus,total ml-min!
Fru total serum flow lungs FroTaL ml-min?t | (3)
Fmus total serum flow to muscle 0.17-F ml-mint | (3)
Fai total serum flow to Gl+ pancreas 0.16-F ml-mint | (3)
Fskin total serum flow to skin 0.05-F ml-min?t | (3)
Fabi total serum flow to adipose 0.05-F ml-min?t | (3)
Frm total serum flow to red marrow (RM) 0.03-F ml-mint | (3)
Feone total serum flow to bone (without RM) 0.05-F ml-mint | (3)
FrrT total serum flow to heart 0.04-F ml-min?t | (3)
Fer total serum flow to brain 0.12-F ml-min?t | (3)
Frest i = all organs except tumour F - Z F ml-min-!
i
FrotaL total serum flow including tumour tissue F+Fp +Fros + Froges ml-mint
PSi permeability surface area product Ki- Vi, total ml-min!
K permeability surface area product per unit mass (scaled 01 ml-min- ©)
PRO for molecule size of PSMA 1&T) for prostate ’ Lgt
permeability surface area product per unit mass for ) ml-min
KLu lungs kmus-100 Lgl (17)
permeability surface area product per unit mass for ml-min
ksaL parotid glands 0.4 Lt (24)
K permeability surface area product per unit mass for K ml-min
tAc lacrimal glands SAL Lgt
K permeability surface area product per unit mass for K ml-min
SUB submandibular glands SAL Lgt
permeability surface area product per unit mass for ml-min
kmus muscle 0.02 Lgt a7
permeability surface area product per unit mass for Gl 0.02 o ml-min
kel (assumed to similar to 11
and pancreas muscle) -g
permeability surface area product per unit mass for 0.02 - ml-min
Kskin skin (assumed to similar to 1l
muscle) 9
permeability surface area product per unit mass for 0.02 o ml-min
Kapi adipose (assumed to similar to Lgt

muscle)
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Kan permeability surface area product per unit mass for red ku(assumed to similar to liver) Enl-_gnin
marrow g
. . 0.02 .
Keimr Eermeablllty surface area product per unit mass for (assumed to similar to [nl-_imn
eart -g
muscle)
Keone Eermeability surface area product per unit mass for (()é(s)szumed to similar to Enl-_gnin
one g
muscle)
0.02 ml-min
Krest permeability surface area product per unit mass for rest | (assumed to similar to 1 1
muscle) 9
[Rero,0] receptor density prostate [RTu.Resto] -110 nmol It | (23,25)
[RsaLo] receptor density parotid glands 42 nmol I1 | (23)
[Riaco] receptor density lacrimal glands [RsaL0] nmol |
[Rsug.0] receptor density submandibular glands [RsaLo] nmol I
[Raio] receptor density GI + pancreas [Rero,0]-0.06 nmol I* | (18)
ANTint ;g;:zallzatlon rate for normal Ao mint (19)
ASAL,int internalization rate for parotid glands ATU,int min-!
ALACint internalization rate for lacrimal glands ATu,int min?!
AsuB,int internalization rate for submandibular glands ATU,int mint
ANT reloace degradation and release normal tissue I release mint
' (except salivary glands) ’
ASAL release degradation and release parotid glands 0.00037 min! (23)
ALAC release degradation and release lacrimal glands ASAL release min?!
ASUB,release degradation and release submandibular glands ASAL release min!
R receptors free nmol
Ri,0 receptors total number of PSMA positive organ i [Ri,0] - Vistotal nmol
[Ri,o] receptor density of PSMA positive organ i nmol |
RPi peptide bound nmol
PRP peptide bound to serum protein nmol
ker binding rate peptide to serum 4.7-10* min! (10)
Piintern peptide internalized nmol
Piv peptide free vascular nmol
Piint 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
THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 60 « No. 1 « January 2019 Kletting et al.



10

aMean values from all measured (surface-plasmon-resonance-spectroscopy) ligands. The measured dissociation constant values are considerably lower than reported
in the literature. The values for the therapeutic (26) and PET ligand (27) are very similar. Using the Kp literature values (26,27), which were derived using
competitive cell binding (Kp =12 nM) or enzyme based assays (Kp =7.5 nM), for fitting the PBPK/PD model to human data, leads to inferior results (e.g. lower R?
and higher AICc). Thus, is seems that ko, and Kosr vValues determined using surface-plasmon-resonance-spectroscopy are more supported by human in vivo data.

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
to volume changes.

¢Using the assumption of 266 nmol-I* receptor density (9), 10*?cells per liter and 10 ml or 50 ml addition tumour volume.

91t is assumed that 2/3 of the total intracellular volume of the kidneys is represented by the proximal tubular cells

€Scaling of GFR due to different molecular sizes
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10

11

12

13

14

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

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

parameter values (Table B) were used:
Di() =AM S = Ay &) S

D,(T) =[ D®dt=Ay-&(T)-S,,

The BED (28) is defined as

Gi ‘Di)

ol B

BED, =D, -(1+
The factor Gi (Lea—Catcheside factor) (28) is defined as
G.(T) —i-f D, (t)dt- ['D, () - e do

i - Diz o i o i

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

T ° t e
2- J.O Di (t)dt . J-OD' (a)) .o H (t—w)da}
a1 f;

BED, =D, +
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SUPPLEMENTAL TABLE A2

Variable Value Unit Source

Skek Dose factor kidneys to kidneys 4.82-10° 0.299/ Gy-minl-MBg! | (11)
VK,totaI,measured
S = 82.81/(Vu,totar-1000)

Stuetu Dose factor tumour to tumour 2 + 1.21/(VTu0w-1000)?% | Gy-mint-MBq! (29)
— 0.11/(V1uotai-1000) 3

o/PBx radiobiological parameters kidneys 25 Gy (30)

Uk repair rate kidneys In(2)/60/2.8 min?t (30)

o/Pru radiobiological parameters tumour 1.49 Gy (31

Mty repair rate tumour In(2)/60/1.9 min’*

i time-integrated activity coefficient of organ i h

ai fraction of administered activity of organ i unity

Di dose to organ i Gy

Di dose rate to organ i Gy-min't

T Integration time 30000 min

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

BED: biologically effective dose to organ i Gy (32)

The function S = A/(Vru ora-1000) + B/(Vru,ot-1000)22 — C/(Vru o 1000)Y3 (valid for tumours > 1 ml) was fitted to the OLINDA data for Y7’Lu spheres.
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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. B1 FilViv TI FilNarr
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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,nonli = Kon*(Ro,i-RPi-RPi*)/Vi,int) and by physical

decay (4phys). All physiological parameters are assumed to be equal for the labelled

and unlabelled substance.

Kofr is the dissociation rate, the transport of peptide via serum flow to organ i is
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arteries), Fi/Viv describes the transport of peptide via serum flow out of organ and

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

PNPCRAAA A~ iAa lharimmAd mAarmtiAA +A4 +haAa AALL AvivFamnsn D, AarmA D, A fvram marmtiAdA AF +Ih A



© 00 N O o A W N P

Tl e e =
w N Rk O

14
15

16
17
18
19

B2 (FitFstFg)/V, Tl FUNarTFs/Vs *FaiVa

A

phys

(FL+FS+FGI)NL‘VT l FUNarT*Fs/Vs *FaiVay

.

PL.V

4+ PSSV,

PLJmPSLNL‘inI *

P 4| PSV,
PL‘im*PSLNLJnl v
-~
kcm. nonl,L koff
RPL* | AL‘internaI
PL.intem* ¢

l AL‘reIease

knn‘ nonl,L = kon'(RO,L'RPL'RPL*)NL int

‘

k

 nonl,L k
on. nonl.L £ off

AL.mternal

.....,.". RPL
PL.intern

|
v
l AL‘reIease

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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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-¢-(1-fex) in and out

of kidney cells. GFR was measured with Cr-51-EDTA.
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Supplemental Figure C. PSMA negative tissue and brain: For adipose, bone
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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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in the fitting process by assigning the data to the specific compartments.
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B. Background corrections

Assigning tumour data from planar scintigraphy to model compartments
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
compartments of the PBPK model:

(AporruhpET,TU) o . . .
(Vmus.total *Yapitotall (Phrus,v (0 +Phys int 0+ PAp Ly () +PAp int(£)) (B.1)

amountinjected,thera /hot, thera

[PTxU.v(t}"'P'}"U.int(t)"'RPf‘U () +Ppy intern (84

ATy, Therapy (t) =

Where a(t) is the fraction of administered activity of a specific tumour ROI, amountinjected the total injected therapy amount, fio: is the fraction of labelled peptide,
Aroi1u is the area of the drawn ROI in the planar image, heer 1y is the patient thickness (minus tumour diameter) at the particular location of the tumour measured in
the PET/CT image, Vmus,tota and Vaoi ot IS the total muscle and adipose volume (Supplement A) and Py (1) + Pryine(8) + RPG (8 + Phyiner () are the amount
of labelled peptide in the vascular, interstitial, bound and internalized tumour compartment, respectively. Pyys (), Pyus.int(t), Papry(t) and Pypinc () describe
the amount of labelled peptide in the vascular and interstitial spaces of muscle and adipose tissue, respectively. For tumour dose calculation only compartments
pertaining to the tumour were used. The fraction of peptide bound to blood pool protein was neglected.

Assigning tumour data from PET/CT to model compartments
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
of the PBPK model:

Vyortuz “VvorTud) (2 + . .
- —— = P (t)+P (4P A(t)+P " [t])
(Vamus.total TV aDitotal) MUSw MUSs,int ADLv ADLint (B 2)

amountiniected, PET 'Thot,PET
Where Vvoi7u.1is 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.
Vvoi,tu,2 1S 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 Vo tu2to
get all activity contained in the tumour. The activity derived using Vvoitu2 was used as data point ay pgr () and was indirectly background corrected using the
above described data assignment.

[PTxU.v(t}"'P;'U.int{t)"'RP;‘U {t]"'PTxU.intern (®+

aryper(t) =

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

VyoLTU.Rest (1-Xv) . . . .
- S | A [(t)+P ine (E)+P AP ine(t)
(Vmus.total TV aDItotal) ( MUSw MUS,int ADIw ADLint )

P'}“U.Rest.v I[t]'"'P’}"U.Rs.-st.int'[t]'"'RP'F‘U .Rest{ )+ P'['HU .Rest.intern{t} :

a t) = B.3
TU'RESt'pET( ) amountiniected, PET Thot,PET ( )

arty rest.peT(t) Was derived with an threshold of 15-20%. Where X, is the correction factor to get the actual tumour volume (this information is derived from two
tumour lesions ). x, 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.
Assigning kidney data from PET/CT to model compartments

VvorLk “Vitotal! (.« . . .
- - (A O+ Prus int O+ Papv(D+Papri (t))]
(Varustotal ~Vaprtota) © MUSV MUS.int ADLv ADLint (B 4)

a t)=
0 amountiniacted, PET ‘Thot,PET
Where Vvoik 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
volume, Vi wta, €Stimated using the CT.

[Plz.v(t]"'PIz.int(t}"'RPﬁ (t}+ Py intern (£ Pg (£)

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



SUPPLEMENTAL TABLE B1. Patients measurement time post injection

Patient no. Measurement times (h)

P1 1.1 22 44 70 166
P2 13 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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SUPPLEMENTAL FIGURE C1. Example of typical fit (P1): PET (A) and therapy (B)
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SUPPLEMNETAL FIGURE C2. Fits of P5 (lowest R?): 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-I? 16 4.3 -
Tumor lesion [Rru,0] 45 28 16-160"
Tumor REST [Rru,resta] = ([Rru,1,0]* [Rru,2,0])/2
Release rate Kidneys Ak release min’? 2.2x10* 6.0x10° 0.5-2.3x10%"
Tumor ATU release min! 1.4x10% 6.0x10° 0.0-3x10%"
Serum flow density Tumor lesion fruo ml-mint-g? 0.14 0.12 01t
Tumor REST fruRest ml-mint-g? 0.06 0.034 '
Kidneys fi=fic—0.026-Age ml-mintg?
fe ml-mint-g? 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- 10° cells/ml [1] and 100.000 copies/cell [2]
T Derived using a PBPK for a sst2 specific 1!In 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]
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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 R?
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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