PBPK Model equations

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

unlabeled peptide via blood flow, extravasation, binding, internalization, degradation

and release, excretion and radioactive decay. The peptide was injected as a 51+8 min

infusion for pre-therapeutic measurements.

Compared to the recently published model (1), more organs (including the red marrow)

are explicitly, i.e. closer to physiological reality, modelled. A less empirical and more

physiological model usually allows more accurate extrapolation from different

condition (here different peptide amounts) and can be easier adapted for other peptides.

The variables are defined in Table A.

Bound and internalized peptide:

Liver, spleen, tumor, kidney, red marrow (RM), GI, muscle, prostate/uterus, adrenals

and rest.

Constraint for total sst2 receptors Ro,i
R, =R +RP, +RP;

Internalized peptide

d .

a Pintern i = ﬂ/mt,i ’ RPI - ﬂ’release,i : Pintern i + ﬂ’phy + P intem i

d * * * *

a P intem i = ﬂ‘int,i -RP i — ﬂ“release,i - P intem i — j“phy - P intem i

Bound peptide on cell surface

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 57 « No. 4 « April 2016

(1)

)

Kletting et al.



d R

a RP; = kon : Pi,int V_It - (koff + ﬂ’lnt,i) -RP; + ﬂ’phy ’ RPi*

Lin 3
. h * * ©
qt RP; =Koy - Piin - = (Kot + Aini) - RPy = A5 - RP;

i,int

Free peptide, vascular:

Transcapillary extravasation is described by the permeability surface area product (PS;)
and the vascular (Viy) and interstitial volumes (Viin) of the pertaining tissue.
Convection from the vascular to the interstitial space is neglected as *°Y-DOTATATE

represents a rather small molecule (2).

All tissues except kidneys and lungs

P.. P. P. *
ipiv =PS, _nt "WV o F h_i + Aoy - Pl
dt Y Vi int Vi \Y VART Vi % ' ( )
' ' ' 4
. P P, P .
EI:)iv =PS,| ———* |+F, M — Aoy Piy
dt ’ Vi,int Vi,v VART Vi,v '
For brainPS=0
Lungs
P .. P P .

E PLU . — PSLU LU, int _ LU,v + F I:)VEN _ LU,v + /Iphy . PLU ,
dt ' VLU,int VLU,v Vien LUV Y (5)

) P Plow Py )
i PLU'V — PSLU LU,int _ LU,v + F F)VEN _ LU,v _ﬂ,phy . PLUYV
dt VLU,int VLU,v VVEN VLU,V
Kidneys
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d P v F I:)in ra *
Py == (Fay + F) + o2 Pagr + = (Fy — Ry ) + Ay, Py

dt . VK v ART intra, K
d P F P ©
a P}:,v = _\%'(an + FK)"‘_K' P;RT +LM('(Fﬁ| - Fe )_ﬂ’phy : PQ,V
K,v ART intra, K
Veins
d F, F F F, +F .
a PVEN = _kPr ’ PVEN + ZV_Pi,v _V_M PM,v - Vi PGI,V + % PL,v + /Iphy ’ PVEN
i M Gl L
(7)
d _. . <«F_.. Fy.. Fy_o Fy+Fy - .
a PVEN = _kPr ' PVEN + ZV_F)IV - V_M PM v V_GI PGI,V + % PL,v - /Atphy : PVEN
i M Gl L
Arteries
d F F .
—Pupr= _Z Pivto—Puy+ ﬂ“phy “Paar
dt Vg VLU,v
d F, F ®)
a Parr = _ZVAFI{T Py +\Tu,v. PLuy _ﬁ“phy *Pagr
Free peptide, interstitial spaces:
Kidneys:
d R \% P in *
a PK,int = Ron - PK,int et koff 'RPK + an(L %]"’}“phy ) PK,im
K,int K.,v K,int
d R P., P, )
at Pic.int = ~Kon * Pic i \TK”“JF Kot - RP + Ffil(ﬁ_ﬁ]_iphy P in
Skin, adipose tissue, heart, bone, lungs and brain (PS = 0):
Kletting et al.
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d Py i,int *
api,int = PSi -y, +;’“phy ) Pi,int

P
V
d P P’ 10)
* iv i,int *
“p PS{——V_—_J—/IW P i

dt iint —

Liver, spleen, tumor, RM, GI, muscle, prostate/uterus, adrenals, rest:

. P, P. \
i Pi int — _kon ) Pi int ” RI + koff ' RPi + PSi Vi +}“phy ) Pi int
dt ’ Y Vi,int Vi,v i,int '

X X (12)

d .. « R v Piin
- t)_;{phy'Pi,int

1+ I:)i,int = _kon ’ I:)i,int ’

dt Vi,int

V

iV i,int

. P
+Ky -RP; + PS{
V

Further equations:

Peptide in kidney cells (unspecific)

d I:)in I:)in ra, *
a I:)intra,K = ﬁ ' (Ffil - l:ex) - _ : : : (Ffil - Fex) + iphy ) I:)intral,K
int, intra,
(12)

*
*

d * F)in, F)I; Ia,
— = (Ffil - Fex) — '(Ffil - Fex) _lphy ' Pintfa'K

intra, K —
dt Vint,K intra, K

Bound to protein

%PPR = Kog - Pyen + gy - PPR”
(13)

*

d oo .
1 PPR = Ken Ry — 4y, - PPR
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SUPPLEMENTAL TABLE 1 Parameter definition

Variable Value Unit Source
Kon association rate Kott / Kp [-nmolt-min?
Kot dissociation rate 0.04 min? (3)°
Kb dissociation constant 0.4 nmol-|* (2)
Aphy physical decay *'1in %Y 1.72 -10* and 1.80 - 10* min-!
BW body weight individually measured kg
H hematocrit individually measured unity
F flow total serum Vp -1.23/min® [-mint 4
Ve volume of total body serum gﬂzlzggl(lH)H?ng A I (5)
Tumor
V71U, total total volume of tumor 1 and 2 measured |
V1u, int interstitial space of tumor Viu,int © VTu total I
V1u, v interstitial space of tumor Viuy - VTu total I
VTU,int interstitial space fraction of total tumor 0.3 for NET I unity derived .from
’ 0.23 for meningioma (6) menin. (7)
VTUv vascular fraction of total tumor O1forNET unity NET (8)
’ 0.11 for meningioma menin. (7)
Fru serum flow tumor fu- (1-H) - Viotal,Tu [-min!
fru serum flow density tumor 1.0-(1-H) for NET metastasis ml-mint.g*? NET (8)
0.9-(1-H) for meningioma menin. (9)
PStu permeability surface area product kTu - V1u, total ml-min-
) pe_rmeablllty surface area produqt per 0.2 NET metastasis L NET (8)
TU unit mass (scaled for molecule size of 0.31 meningioma ml-min-.g menin. (7)
DOTATATE) ) )
[Rru,0] sst2 receptor density tumour fitted nmol-I*
R1u,0 Sst2 receptor number tumour [Rru,0]- V1utotal nmol
Atu,int 0.001 (preliminary fits, Sup. D) min
AT release fitted min-t
Measured organs
VL total volume total liver individually measured I
Vs, total volume total spleen individually measured I
VK total volume total kidney individually measured I
Vi ;/;sec;l;]l:s\lr(igsr?é;m) volume organ liver, Vi o Vi |
Vi,int interstitial volume liver, spleen, kidneys | ViotalViint |
VK, intra volume intracellular kidney (Vkitotal - Vkiint - Vky) -2/3° I
Vi vascular (serum) fraction liver 0.085 unity (20)
Vsyv vascular (serum) fraction spleen 0.12 unity (10)
VK vascular (serum) fraction kidneys 0.055 unity (10)
VL,int interstitial fraction liver 0.2 unity (10)
Vs,int interstitial fraction spleen 0.2 unity (10)
VK,int interstitial fraction kidney 0.15 unity (20)
Fo serum flow liver arterial 0.065-F [-min-! 4
Fs serum flow spleen 0.03-F [-min-! 4
Fk serum flow kidneys 0.19-F [-min-! 4)
0] ratio of sieving coefficients Oboratate / Bcr-51-epTA= 0.66 unity (11)
Fii filtration GFRmeasured - @ ¢ I-mint
Fex excretion Fiil - fex [-min-!
fex excretion/filtration 0.98 unity (D)
K Eﬁirtmn?:sbslhgrsllij\/r;?ce area product per Knus- 100 ml-min-t.g-L (12)
Ks pe_rmeability surface area product per kL (due to similar capillary ml-min.g-t
unit mass for spleen structure)
[RLo] receptor density liver fitted nmol-I*
[Rs.0] receptor density spleen fitted nmol-I*
[Rk.0] receptor density kidneys fitted nmol-|*
ALint internalization rate sst2 liver Ak,int min-? (13)
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As,int internalization rate sst2 spleen Ax,int min?! (13)
AK,int internalization rate sst2 kidneys NAtujint- 1.7° mint (13)
)\L,release release rate liver )\NT,reIease mint (1, 14)
)\S,release release rate Spleen )\NT,reIease mint (1)
AK release release rate kidneys ANT release mint (1)
Other organs
Vprototal | VOluMe total prostate 0.016-BW/71 | (15)
VuT,total volume total uterus 0.080-BW/71 (15)
VLu,total volume total lungs 1-BW/71 I (15)
VAD,total volume total adrenals 0.014-BW/71 I (15)
Vmus,otal | volume total muscles 30.078-BW/71 I (15)
Val,total volume total Gl + pancreas (0.385+0.548+0.104+0.15)-BW/71 | | (15)
Vskintotal | Volume total skin 3.408:-BW/71 I (15)
VADItotal volume total adipose tissue 13.465-BW/71 I
VRM,total volume total red marrow 1.1-BW/71 I (15)
VBONE,otal_| VOlume total bone without red marrow 10.165-BW/71 - Vrwmitotal I (15)
VHRrT.total | VOlume total heart 0.341-BW/71 I (15)
VBRtotal volume total brain 1.45-BW/71 I (15)
Vaw volume of total body based on BW Iml2 19 I
VREST,total \é?(lcuen;'? tﬁ:nrgrSt body = all organs Vew — Zvi,mm [
xzii’v vascular fraction prostate/uterus 88?’ 8:; sz:i;Z:a' [ 8?3
Viuv vascular (serum) volume lungs 0.105 - Vp I (4)
Vaby vascular (serum) volume adrenals 0.03 - (1-H) - Vaptotal I (15)
Vmus,v vascular (serum) volume muscles 0.14 - Vp I 4
Vaiy vascular (serum) volume Gl+ pancreas | 0.076 - Vp I (4)
Vskiny vascular(serum) volume skin 0.03 - Vp I 4
Vabiy vascular(serum) volume adipose tissue | 0.05 - Vp I (4)
VRMyv vascular(serum) volume red marrow 0.04 - Vp I 4
VEoNEY \rﬁ\:ﬁglwar volume bone without red 0.07 - Ve - Veu | )
VHRT v vascular (serum) volume heart 0.01 - Vp I 4
VBRy vascular(serum) volume brain 0.012 - Vp I 4
serum volume rest i = all organs except
VREST v tumor 9 P Ve — izvi,v |
VaRT ﬁret::ial serum plus % serum content of 0.06 - Vp + 0.045 - Vp | @)
VVENES xt;r;(r)tus serum plus % serum content of 0.18 - Vp + 0.045 - Vp | @)
xzsi’lm interstitial volume prostate/uterus 825 'V\::if;’ta' [ gg;
VLu,int interstitial volume lungs Viuy- Oy I
interstitial volume adrenals (the value
VAD,int for salivary gland is used) ( 0.24 - Vaptotal I (29)
VMmus,int interstitial volume muscles Vmus,y - Amus |
Va,int interstitial volume Gl+ pancreas Vaiy - da |
VSKIN,int interstitial volume skin VsKIN,v * OSKIN |
Vapi,int interstitial volume adipose tissue Vaply - QaDI |
VRM,int interstitial volume red marrow VRM,v * ORM |
VEONE int interstitial volume bone without red VEONE v - OEONE |
' marrow '
VHRT.int interstitial volume heart VHRT,v * OHRT I
VREST,int volume of rest body VREST,v * OREST |
amus ;a\\/tle(:;g}‘elnrtnegrs]tltlal o vascular volume Vmus,int/Vmusy = 5.9 unity (10)
dal ratio of interstitial to vascular volume Vai,int/ Vaiy = 8.8 unity (10)
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average man
ratio of interstitial to vascular volume . _ .

OSKIN average man Vskin,int/ Vskiny = 8.9 unity (10)
ratio of interstitial to vascular volume ) _ .

OADI average man Vaouint/ Vapiy = 15. 5 unity (10)
ratio of interstitial to vascular volume ) _ .

ORM average man Vrwmint/ Vrmy = 3.7 unity (10)
ratio of interstitial to vascular volume ) _ .

OHRT average man VHrT,ind VHRTY = 3.7 unity (10)
ratio of interstitial to vascular volume . _ .

oLy average man Vi,ind Viuy =5.5 unity (10)
ratio of interstitial to vascular volume ) _ .

OBONE average man VeonEg,int/ Veoney = 9.3 unity (20)
ratio of interstitial to vascular volume ) _ .

OREST average man VResT,nt/ VResTy = 3.7 unity (10)

frrRO 0.18 ml-min-g* (16)

fur 1 ml-min?.g? (18)

fap 6 ml-min?.g? (15)

Fero frro * (1-H) - VPRro,total "

Fur Total serum flow to prostate/uterus fur - (1-H) - Vur ol ml-min

Fru Total serum flow lungs F ml-min? 4

Fap Total serum flow to adrenals fap - (1-H) - Vaptotal ml-min-?!

Fmus Total serum flow to muscle 0.17-F ml-min? 4

Fai Total serum flow to GI+ pancreas 0.16:-F ml-min- (4)

Fskin Total serum flow to skin 0.05-F ml-min? 4)

Fabli Total serum flow to adipose 0.05-F ml-min? (4)

Frm Total serum flow to red marrow (RM) 0.03-F ml-min? (4)

Feone Total serum flow to bone (without RM) 0.05-F ml-min! 4

Frrt Total serum flow to heart 0.04-F ml-min-?! (4)

Fer Total serum flow to brain 0.12-F ml-min? (4)

Frest i = all organs except tumor F —z F ml-mint

FroTaL F+Fyi+Fuz + Froges ml-min

PSi permeability surface area product ki - Vitotal ml-mint
permeability surface area product per

EPRO unit mass (scaled for molecule size of 8% ml-min?.g? gg;

Ut DOTATATE) for prostate/uterus '

permeability surface area product per ) il -1

ki unit mass for lungs Kius -100 ml-min*-g 12)
permeability surface area product per kmus -100(assumed to be very il

ke unit mass for adrenals high as for salivary glands) ml-min=.g (20)

Knus pe_rmeablllty surface area product per 0.02 ml-mint.gt (12)
unit mass for muscle

K permeability surface area product per 0.02 mi-minL-ot

el unit mass for Gl and pancreas (assumed to similar to muscle) 9

permeability surface area product per 0.02 T

kski unit mass for skin (assumed to similar to muscle) ml-min=.g
permeability surface area product per 0.02 a1

Kapi unit mass for adipose (assumed to similar to muscle) ml-min"-g

Krm permeability surface area product per ki(assumed to similar to liver) ml-min-.g1
unit mass for red marrow
permeability surface area product per 0.02 il

Keimr unit mass for heart (assumed to similar to muscle) ml-min=.g
permeability surface area product per 0.02 il

kaone unit mass for bone (assumed to similar to muscle) ml-min=.g
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K permeability surface area product per 0.02 ml-min-t-g-t
REST unit mass for rest (assumed to similar to muscle) 9

[Rpro,0] receptor density prostate based on sst2 | [Rk,] -0.26 amol-I L 21)

[Rut,0] density ratios calculated from (21) [Rk.0] -0.092
receptor density adrenals based on . 1

[Rapo] sst2 density ratios calculated from (21) [Rio] -1.65 nmol-| (1)
receptor density muscle based on sst2 . 1

[Rvusol | Gensity ratios calculated from (21) [Rk.o] -0.0056 nmol-| (21)
receptor density Gl + pancreas based

[Raiq] on sst2 density ratios calculated from [Rk,0]-0.16 nmol-I (21)
(21)
receptor density RM based on sst2 . 1

[Rew.o] density ratios calculated from (21) [Rio] -0.028 nmol-| (1)
receptor density rest based on sst2 ) 1

[Reest.o] density ratios calculated from (21) fitted nmol-|
internalization rate for sst2 normal .

ANT,int tissue AK,int min-1 (22)
degradation and release from sst2 cells | .. _—

ANT release normal tissue fitted min (1)

R receptors free nmol

Ri0 receptors total number of organ i [Ri,0]- Vitotal nmol

[Ri,o] receptor density of organ i nmol-I*

RPi peptide bound nmol

PPR peptide bound to serum protein nmol

ker binding rate peptide to serum fitted min-!

Pintern peptide internalized nmol

Piv peptide free vascular nmol

Pi,int peptide free interstitial nmol

Pk intra peptide interacellular kidneys nmol

aln house Biacore measurements (23) of PSMA specific peptides yielded typical values of 0.04

1/min. Ferl et al report similar values [1].

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.

°It is assumed that 2/3 of the total intracellular volume of the kidney is represented by the

proximal tubular cells

d Scaling of GFR due to different molecular sizes

€The internalization of 11In-DOTATATE was not directly measured for kidney cells (13).

However, in reference (13) the kidney and tumor cell values for other 1*!In-labeled ligands are

reported. The mean value of the kidney to tumor ratio for these actually measured

internalization rates was calculated. This average value of 1.7 was used as the ratio of kidney

to the tumor 1In-DOTATATE internalization rate.

THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 57 « No. 4 « April 2016 Kletting et al.



2D imaging corrections:

Background correction, self-attenuation and scatter corrections were performed
according to MIRD pamphlet 16 (24) for conjugative view counting. For organ activity
estimation, a ROl was placed in an area with no overlapping activity of other organs
and then scaled according to the total organ size. The background ROI was placed in
the abdomen. For liver metastasis, the liver or abdomen were considered background
depending on the size of the lesion.

For red marrow, time activity data could not be directly delineated. The herein
used PBPK model allowed including information such as receptor density (according to
Boy et al.) in the red marrow. It further allowed simultaneously fitting all parameters to
all data (serum, whole body and all organs plus tumor). The time-integrated activity
coefficient was estimated by integrating all compartments describing the red marrow
including red marrow serum, interstitial space, bound and internalized peptide. For red

marrow absorbed dose estimation, see equation 21, below.
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Absorbed dose (D) and biologically effective dose (BED):

To calculate the absorbed dose and the BED of the kidneys, tumor, spleen and liver, the

following equations and parameter values (Table B) were used:
Di(t)=A(t)- Sici = Ainj -;(t)- Sici (14)

D,(T) =[ D,()dt=Ay -5 (T)S,, (15)
The BED (25) is defined as

G
ol B,

The factor Gi (Lea—Catcheside factor) (25) is defined as

BED, =D, (1+

) (16)

G,(T) = Diiz [ Dt [ D, (w) e deo (17)

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

T ° i e
2-[ D)t [ D, () e o

BED, =D, +
o; 1 B,

(18)

The activity to administer yielding a fixed kidney BEDk, fixed iS calculated according to
BEDK,fixed = Ainj,BEDKyﬁxed 'aK (T)-Skex

2"A‘inj BEDy 1 Zr Ay (t)'SKeKdt'J‘taK (@) Sk e de (19)
+ ’ K, fixed 0 0
a ! By

Solving Eq (19) for the administered activity yields
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SIOT a (t)'SKeKdt'J;aK (@) Sy €< dw- BEDy feq

—EEK(T)'SKeKi\/(aK(r)'SKeK) + oy ! By

Anj-BEDK‘Vixed -

T : —=
4-]0 Ay (t)-SKeKdt-J.OaK () Sy € K (t-0)d o)

a | Py
T t
~ -~ 8-| ax (t)-dt- a, (@) - e t-0)g g - BEDK‘ N
_aK(T)iJaK(I')2+ '[0 Jo
= a ! B
Anj.BEDK‘ﬁxed - T - - — (20)
4'SK<*K -IO aK(t)-dt-J.OaK(w)‘e ”K( w)da)

ag ! Be

To calculate the BED of the red marrow, equation (21) was used instead of Eq. (14):

Dev = ARM (t) ) SRM «rm T AREM (t) : SRM «REM (21)
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SUPPLEMENTAL TABLE 2

Variable Value Unit Source
dose factor kidney to kidney phantom 2.93:10° male . i

Skek (are scaled using);he actua)I/(E)rgan mass) 3.18-10°5 female Gy-min--MBq'* (26)
dose factor kidney to kidney phantom 4.76-10° male .

Sses (are scaled usingythe actua}llgrgan mass) 5.80-10"° female Gy-min--MBq (26)
dose factor kidney to kidney phantom 4.70-10® male .

Stet (are scaled usingythe actua}llc?rgan mass) 6.42-10° female Gy-min--MBq (26)

StueTu dose factor tumor to tumor phantom Table C Gy-mint-MBq*? (27)
dose factor red marrow to red marrow 3.52-10¢ male .

SRMeRM phantom (are scaled using BW) 3.14-10° female Gy-min--MBq'* (26)

SRucREM dose factor remajnder to.red marrow 8.46-108male Gy-min-MBq (26)
corrected according to Hindorf et al. 1.03-107 female (28)

a/Bk radiobiological parameters kidneys 25 Gy (29)

Mk repair rate kidney In(2)/60/2.8 min (29)

a/Bs radiobiological parameters spleen a/Bk Gy

Us repair rate spleen MK min? (29)

a/BL radiobiological parameters liver a/Bk Gy

ML repair rate liver MK min

a/Bru radiobiological parameters tumor 10 Gy (30)

Hru repair rate tumor In(2)/60/1 min-! (30)

a/Brm radiobiological parameters red marrow 15 Gy (31)

HRM repair rate red marrow In(2)/60/1.5 min (31)

Ai activity of organ i MBq

AREM activity of remainder Aroral - ATu-AL MBq

-As- Ak- Arm

Ainj injected activity MBg

Alinj, BED Kfixed activity to inject for BEDk = 20 Gy MBq

ai time-integrated activity coefficient of organ i h

ai fraction of administered activity of organ i unity

Di absorbed dose to organ i Gy

D absorbed dose rate to organ i Gy-min?

T Integration time 30000 min

Gi Lea—Catcheside factor of organ i unity (30)

BEDi biologically effective dose to organ i Gy (30)
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SUPPLEMENTAL TABLE 3

Volume [ml] Tumor dose factors
[Gy'minl-MBq]
0.5 1.27-102
2 3.64-10°
2.8 2.50-10°3
3 2.40-10°
4 1.90-103
20 4.08-10"
23 3.50-10"
30 2.80-10*
87 9.00-10°
111 8.00-10°
116 7.80-10°
2522 3.50-10°®
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SUPPLEMENTAL FIGURE 1: Main model structure: All organs are represented by
a rectangular compartment and are connected via blood flow. Each organ within this
model, except arteries, veins, brain and protein serum, is divided into sub-compartments.
The substance is cleared via kidneys. The compartment “Peptide-Protein serum” contains
peptide bound to serum protein. As the fraction of bound peptide to proteins compared to
the total amount is small and to reduce the complexity, only the ,,veins* were connected
to this compartment. The corresponding fraction for each specific organ was considered
in the fitting process by assigning the data to the specific compartments.
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SUPPLEMENTAL FIGURE 2a: Red marrow, GlI, spleen, muscle, prostate (uterus),
adrenals, rest and tumor: The entire model consists of two systems, one for labeled (with
*) and one for unlabeled peptide. The systems are connected by the competition for free
receptors (komonI = kon-(RO,i-RRi-RPi*)/Vi’im) and by the physical decay (xphys). All

physiological parameters are assumed equal for the labeled and unlabeled substance. k . is

the dissociation rate, the transport of peptide via serum flow to organ is described by
FIV \or (Where F_is serum flow and V. is serum volume of the arteries). Fi/V. describes

the transport of peptide via serum flow out of organ. V. is the serum volume of the
respective organ. RP. is sst2 specific bound peptide to the cell surface. P, and P.. are free
peptide of the vascular (V. ) and interstitial space (V.. ), respectively. PS.is the

permeability surface area product. Ao 1S the internalisation rate of bound peptide

111
andr.  therelease rate of In (and degraded peptide) from the cell.
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SUPPLEMENTAL FIGURE 2b: Liver: For the liver, the model description of
Figure 2a applies but the plasma flow is composed of liver arterial, GI and spleen flow.
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SUPPLEMENTAL FIGURE 2c: Kidneys: The peptide is transported via serum
flow to the vascular compartment and then filtrated into the interstitial part. Due to the
administration of amino acids the largest fraction (f_ = 0.98, Table A) of peptide is

excreted. All unspecific uptake mechanisms are modelled with flow GFR -6 -(1-f ) in
and out of kidney cells.
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SUPPLEMENTAL FIGURE 3: sst2 negative tissue and brain: For adipose, bone
(other than red marrow), skin, heart (A) and lung (B), the model on the organ level
simplifies to the transport of peptide via serum flow and transcapillary extravasation.
For brain (C) the model reduces to serum flow.
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Supplemental Data. Fitted curves and estimated parameters
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The relative SD of all parameters were < 50%. All elements of the correlation matrix were < 0.8.
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For patient 1 (N1-3) and 2 (N4-5) an iterative two-stage parametric population fit using all pre-therapeutic measurements for parameter
estimation was conducted. The total tumor volume could be delineated for meningioma but not for patients with metastasizing NETS.
Therefore, the models were first fitted to time activity data of meningioma patients. The estimated value for the receptor concentration
of the remaining tissue, [Rgeq 0] Was then used as a fixed value for the individual fitting of the NET patients. Thus, the additional tumor
volume (other than the explicitly delineated lesions) was estimated. For patient 5 also the average liver receptor concentration was fixed,

because the high tumor load did not allow to distinguish between normal and tumor tissue in liver .

Preliminary fits showed that the internalization rates of kidney, liver and spleen were similar and in the order of 10-3. To reduce parameter

correlation, the kidney and tumor internalization rate were fixed to Ay i =

=0.0017 mintand My, int =

analysis (Supplement D) showed little influence of these assumptions on the results.

= 0.001 mint, respectively. A sensitivity

The overall error (bias and uncertainty) of the data could not be determined. However, the estimated relative standard error within the

data was < 10 % for all curves except for the serum measurements of data set N1 and N5.
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Supplemental Data

Optimal BED ratio simulations for N1-N12 (Figures 1-12)
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Supplemental Data

internalization rate sensitivity analysis



Figure 1 Patient 2, N4
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The internalisation rate was fixed due to high correlation. However, for the sensitivity analysis the internalisation rate was also fitted to the data. The fitted parameters of both cases were used
for the simulations. The curves are very similar, as the assumed internalisation rate (0.0017 min1), is similar to the fitted (0.0023 min) and small changes are compensated by changes in the
receptor densities during the fitting process. If considerably larger or smaller internalisation rates are assumed and fixed, the model can not be adequately fitted (bad fits). Therefore, the

assumption is reasonable and can be used for modelling and simulation.



Figure 2 Patient 7, N10
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The internalisation rate was fixed due to high correlation. However, for the sensitivity analysis the internalisation rate was also fitted to the data. The fitted parameters of both cases were used
for the simulations. The curves are very similar, as the assumed internalisation rate (0.0017 min1), is similar to the fitted (0.001 min-t) and small changes are compensated by changes in the
receptor densities during the fitting process. If considerably larger or smaller internalisation rates are assumed and fixed, the model can not be adequately fitted (bad fits). Therefore, the

assumption is reasonable and can be used for modelling and simulation.



