A mechanistic model to predict subcutaneous absorption of therapeutic proteins linked to a whole body PBPK model
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Purpose Steady-state plasma (Cp) and tissue interstitial fluid (Ci) concentrations for ~ Plasma concentration profiles for a variety of TPs following SC dosing
proteins with a range of hydrodynamic radii (1-11 nm) were simulated for the =~ Were similar to observed data for most of the tested TPs (examples In

Subcut SC) dosing | dministrati te for th ti . . . . -
ubcutaneous (SC) dosing Is a common administration route for therapeutic SC dosing site and compared with literature values [7-10] of lymph:plasma  Figure 4).

proteins (TPs). This study aimed to expand an existing whole body PBPK

ol ole of bredict I 4 ot i | f ratios In humans and experimental animals, with the assumption that lymph T, and C__. values were recovered by the model (Table 2), with
model capable of predicting plasma and interstiial Tluid concentrations Of ¢y ncentration is a measurable surrogate of tissue Ci. predicted values generally within 30% of those observed. However, T,
TPs in humans in order to mechanistically predict SC absorption. N | | | for tralokinumab was under-predicted (68 vs 120 hr) and C,,,, values were
Method In addition, the model was used to predict plasma concentration profiles for 8 ynder-prediction for IL-10, hGH and tralokinumab. A trend for increased
A human whole body PBPK model for TPs previously developed in Simulink TPs (MW: 8-150 kDa) following SC dosing and simulation results were  ynder-prediction of T, with increasing TP molecular size was observed,

Matlab. Version R2013 ded 10 include the SC dosing site. Th compared with observed data (Table 2). Observed bioavallability and in contrast, no trend in prediction accuracy of C,,,, was apparent.
(Matlab, Version a) was expanded to include the OsINg SitE. 1N€ intravenous clearance values for each TP were collated from the literature or Table 2: Predicted and observed C... and t.. for proteins with a range of sizes
model contains 12 tissues and each Is described by three sub-  calculated where unavailable, and were used in the model when predicting | max max |
compartments, representing vascular, interstitial and intracellular spaces exposure following SC dosing. Drug MW |Rs |Dose |Observed Predicted Reference
(Figure 1). This tissue structure was also used to represent the SC dosing Results (kDa) |(nm) |(mg) |C..., T .. [C.. T .
site. Movement of TPs between vascular and interstitial spaces was = = 3 100 - - (mg/L) |(hr) [(mg/L) |(hr)
described mechanistically by considering both convection and diffusion - _ %0 IGF-1 7.6 |1.56 |3.22810.169 7.4 10.179 6.9 |Grahnenetal., 1993
processes based on a 2-pore framework [1,2]. SC dose was described as a E ' s S 0 - IGF-1 7.6 156 |6.456*/0.304 6.6 |0.358 6.9 |Grahnenetal, 1993
bolus input to the interstitial compartment of the SC dosing site. Convection §_ os | . = ;2 ' 'l Anakinra 17.3 |2.16 |100 |0.773 |40 ]0.594 |40 |Yangetal, 2003
and diffusion rates were estimated for TPs using the hydrodynamic radius = . ® é o IL-10 18.7 |2.23 1175 100186 5.0 10.00813 |5.1 |Radwanskietal,
as an input parameter. = % * £ 20 . 1998
Y 04 "t’ g— 20 - NGH 22.0 (2.38 [600* |2.62* 43 |1.34* 4.2 |Janssen et al., 1999
Q
_P Lun r= . & *. \_\i‘ 20 - 0 NGH 22.0 [2.38 [1200 * |5.56 * 4.8 12.27 * 4.2 |Janssen et al., 1999
; L S0 Sie 30 os © M0 BT S LS hGH 22.0 |2.38 [1800*(8.35* |58 |4.49* |42 |lanssen etal., 1999
N :' """" \ 0 MAenRd N ' 0 ! | ! | Erythropoietin|{30.4 |2.70 [0.0247 [{0.000225 |13 0.000292 |13 Salmonson et al.,
b ' 0 5 10 15 50 500 5000 50000 500000
B e —- 1990
| — Hydrodynamic radius (nm) MW
| Ad QL | | | | | Albumin 67.0 |3.55 [100° |7.9° 48 19.63 42  |Hollander et al.,
L JULE /< Lymphflow(l) L(1-,) PSv Vascular Figure 2. Predicted and observed Ci/Cp ratios at the SC site (A) and percentage of dose
: | absorbed through the lymph (B) for proteins with a range of sizes. ¢ observed data [3,7- 1961
- Bone o 10]: m predicted data. Tralokinumab [143.9 (4.998 150 |17.1 120 |11.4 68 |Ohetal., 2010
A p Brain % ) * _— The model accurately recovered the observed Ci/Cp ratios (Figure 2 A) and  |Tralokinumab |143.914.998 /300 |36.3 120 122.8 68 |Ohetal, 2010
| Hear : = percentage of dose absorbed through the lymph (Figure 2 B).
L Venous| _p--g------ " 120 - Etanercept ~ |150.0|5.08 (25  |1.46 51 |1.46 42 |Korth-Bradley et al.,
o0 N pp— m Intracellular % 0 w’w e 2000
: Figure 3: Predicted and observed % dose = *° o e o = + Dose calculated for an 81 kg male.
L [r— Muscle remaining at the SC site for I1gG. § * e * Dose and concentration units are mIU and mIU/L.
: o i ¢ observed data; — predicted data. s 0G $ Dose and concentration units are % of radioactivity and % of radioactivity/L.
I R n g 20 -
: iver Figure 1. Permeability limited tissue - . . . A . : CO“CIUS'O“
== mm——- model incorporated into a full PBPK ime (hr)
: = Spleen odel for pr%teins_ L O.PS CLand A B ' A whole body PBPK model for TPs has been expanded to
| Pt Ve o o represent lymph flow, blood flow, =% N 37 . describe the absorption of TPs following SC dosing via both
T i permeability surface area product,  Egg  __ *ees = %7 IL-10 direct diffusion through capillaries into blood and via
LR LR L LE LR ancreas clearance, and reflection coefficient,  £os - & 0015 - :‘z lymphatic absorption.
IV Dose respectively. 500 Eogo1 S ¥
. . . . 8 S o
Movement of protein into the intracellular space was not considered in these 202 Z 0,005 z—\\r The observed percentage of SC dose absorbed through lymph
. . . . ) ] @ 0.1 - 8 . . .
simulations, therefore PSi, CLi and CLt were set to 0. Physiological S R A P S s and the time of maximum plasma concentrations CC_)Uld be
parameters for a 5 mL volume of skin were used as initial estimates for the . ° * ® * o @ = ® = R S recovered for TPs covering a large range of molecular sizes.
SC dosing site. The model was optimised using percentage of dose absorbed 0.00035 D . .
in the lymph data reported for sheep [3] and observed data showing loss of E‘Eo.oooao Erythropoietin Ei’i ctanercent gggcrirggghha;rlstég i vggcz)ile Iilg(gldt)cl) I;’EdIT(I; arl:?soodrEItlil (I’)]rg] ) f_?g;oi?ﬁg
radiolabelled 1gG from the SC dosing site in humans [4-6] (Figure 2 B and 3). § 000025 - 5, blood and ¢ tppt t t'p foll P SC dosi
Final model parameters are shown in Table 1. g 000020 - £ 05 00d and movement Into target Lissues 1ollowing 0sing.
S i £ 06 -
Table 1. Parameter values used for the SC dosing site. S 0.00010 - = 04 REfel‘enceS
5 0.00005 5 0.2 - 1. Rippe B. & Haraldsson B., 1987, Acta Physiol Scand, 131(3):411-28; 2. Baxter LT. et al., 1994, Cancer Res, 54(6):1517-28.
Pore radius (nm) Small =5, large = 20, ratio large:small = 500 ®oo00000 ~ 0 —— 3. Supersaxo A. et al., 1990, Pharm Res, 7(2):167-69. 4. Pain SJ. et al., 2005, J Appl Physiol, 99:2345-51.
0 12 24 36 43 60 72 24 96 0 60 120 180 240 300 360 420 480 5. Stanton AWB. et al., 2001, Clin Sci, 101:131-40. 6. Stanton AWB., 2006, Clin Sci, 110:553-561.
Fluid flows (L/h) Blood = 0.0569, lymph = 0.000135 [4-6] Time (hr) Time (hr) 7. Poulsen HL., 1974, Scand J Clin Lab Invest, 34 (2): 119-22. 8. Levitt DG., 2003, BMC Clin Pharmacaol, 3 (3): 1-29.
: . : : : : : - : 10- 9. Poulsen HL., 1973, Scand J Clin Lab Invest, 32 (2): 167-73.
Volumes (ml-) Vascular Space = 0-716; interstitial Space = 3.12 [4'6]1 tissue Space = 1.89 Flgure 4: Predicted and observed plasma concentration. A Anakmra’ B IL 10’ C 10. '?ay?c?r AE. & Grang:raDN., 1984,aln Hai?jbook of Physiology. The Cardiovascular System. Microcirculation, Bethesda, MD: Am Physiol
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