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Introduction Population pharmacokinetic analysis

L urine sample (0-5 h interval posidose);

. . ] ] . . ine. loss: random | f 10-50% of urine;
aPlasma creatinine concentration was measured from a laboratory test at the screening visit. ﬂﬂﬂ:&sﬁeﬂﬁwﬁﬁiﬁte creatinine excreted amount was correctd using the individual ratio of predicted to incomplete iohexol excreted amount.

Accurately assessing glomerular filtration rate (GFR) from plasma : Figure 1 Schematic diagram of the joint model of iohexol and creatinine. = Table 2 Parameter estimates and bootstrap (n = 1000) results.
creatinine concentrations is challenging in patients with unstable renal : lBOlus administration of iohexol raeters Estimate RSE (%) 95% Cl CV (%) SHR (%)
. = [Fixed effec
function. Compartmental nonlinear mixed-effects modelling offers a - 0 * | lohexol
- 1 lohexol . .
: . - i — ' =| GFR (mL/min 87.0 3.4 81.0, 92.7 - -
feasible method to more accurately assess unstable creatinine : | Peripherall | “—, central clearance (GFR) S : e ( |
m Vo, V, Ve 8.69 4.7 (7.91, 9.54) - -
clearance (CrCL) and account for measurement errors[1-3]. A proposed : | Qpi(L/h) 0.131 9.2 (0.107, 0.163) - -

. Iati h Kineti PK del effectivel : Qzl | Ve (L) 1.15 5.2 (1.05, 1.33) - -
creatinine population pharmacokinetic (popPK) model effectively : H QL) 4.01 30 (3.37, 4.78) i _
described renal function changes and outperformed standard : Peripheral 2 2| V2 (L) 4.22 3.1 (3.93, 4.53) - ;

. = | Creatinine
methods[4]. However, a further evaluation of this model by an ; lohexolmodel = A~——0H7 T :| Ka(lh) 171 133 (1.35,2.19) : :
: : : : : - - : =| nCTS (mL/min 39.7 10.2 31.2, 46.8 - -
Independent assessment of GFR Is desirable before application. - l F1xDOSE lCreatmme generation rate (CGR) o ( ) ( )

. = Vg (L) 28.9 6.5 (25.6, 33.4) - -
Additionally, this study assumed a creatinine volume of distribution (V) : Ka GFR | F1(%) 52.3 5.2 (47.7,58.4) - -

. _ , S . Depot Lme Central >, Urine :| Lag time (h) 0.291 3.0 (0.277, 0.308) - -

of 60% of total body weight (TBW)[4], which neglected variability and : 9 W N mrestinine :| CGR (mg/h) (140-age) x body weight/72 x - i
: : : : : . . ' o 0.85(if female) x 60/100
may result in biased estimates of other kinetic parameters. Beyond : Creatinine model WslEY sEEEien (Nels) . ( )
n =|Covariates
glomerular filtration of creatinine, the net creatinine tubular secretion : Following bolus administration to the central compartment (volume V), iohexol is distributed into two | Gjrcadian rhythm during daytime (%) 3.70 21.0  (2.12,5.72) - i
= peripheral compartments (volumes V,; and V) in parallel, with inter-compartment clearances (Q,; and Q,,). It | Circadian rhythm during nighttime (%) 8.42 17.7 (5.10, 11.1) - -
_ 0 1 ' L] : . . . , .
(nCTS) also accounts for 10-40% of its renal excretlon[5]. The transport E is eliminated from the central compartment via glomerular filtration rate (GFR). Creatinine, derived from the =| Sex (female) on nCTS2 0.627 15.0 (0.455, 0.857) - -
pathway responS|b|e for Creatlnlne Secretlon haS been |dent|f|ed as E meat meal, enters the central compartment (volume V) via first-order absorption (K,) with bioavailability (F1). 7| Weight on GFR, Qpl’ sz, and nCTS 0.75 FIX - - -
_ . _ _ E Simultaneously, creatinine is continuously produced at a constant rate (CGR) within the central compartment 2| Weight on V. and V 1 FIX - - -
basolateral organic cation transporter 2 (OCT2) and apical multidrug = and is eliminated through both GFR and the net creatinine tubular secretion (nCTS), reflecting the difference &|Random effect (inter-individual variability)
and toxin extrusion proteins (MATES) through both in vitro experiments : between active secretion and re-absorption. E "Z:E’F:O' 00226 436  (0.00379,0.0246) 119 01
and clinical studies[6]. Therefore, creatinine might also serve as an : The circadian rhythm of both GFR and nCTS was described based on following equation: V, 00211 382 (0:00585: 0:0390) 146 188
= CL=CLy, X (1+sin(time/interval)) X 6 4,y nigne Where CL represents GFR or nCTS, Clyy is the typical value of . V., 0.0121 63.9 (0.00164, 0.0259) 11.0 6.2
| Ielr-llldlollglel [']IOI EIISI Irlrl?'lrl(lelll- Iol-f Itlrjalr;llslpllolr;tlelrl E?EIXIPY; EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENESR E GFR Or nCTS, “time” Was adJUSted to Start aS O’ and “interval” IS 14 hours for daytlme and lo hours for nlght. E Vp2 0.0113 33.8 (0.00304, 0.0187) 10-7 9-7
CI | n|Ca| Study E For covariate relationships, continuous covariates were modeled with mean-centered power models and E Creatinine
: cateqorical - deled with conditional effect =/ NnCTS 0.0506 56.7 (0.00333, 0.102) 23.1 10.6
NO breakfast :lcla;?gerllcl:?lciol\/la.lrllalfi:,Vlelrlelr:]lollelel l\:VlllClolnlllllolr:al lel lelclilllllllllllllllllllllllllllllllllllllllll: V O 0211 40 7 O 00284 O 037 1 1 2 3
f fest ‘Collect plasma and urine samples within 24 h = = Vd : : ©. , 0.0375) 15. :
(reference/test group) = Figure 2 Limited sampling strategy using a single plasma sample at 5 hours and i| CGR 0.0163 31.2  (0.00710,0.0278) 12.7 0.7
a urine sample from 0-5 hours after low-dose (259 mg) iohexol administration. F1 0.00810 53.5 (0.00145, 0.0205) 10.4 22.8
\ 250 g Beef ‘ Collect plasma and urine samples within 36 h E Sampling time: Plasma : 10 min, 30 min, 2 h, and 5 h; Urine : 0-5 h interval = [IRandom effect (residual variability)
lohexol (meat group) : = | lohexol
- l Simulate data following a 259 mg intravenous dose of iohexol and apply a random 10-50% .
. . . loss for individual urine data (n = 1000). = | Plasma concentration 0.0171 18.4 (0.0118, 0.0240) 13.3 2.6
Population 14 healthy participants . : o
| . lohexol plasma _ Predict iohexol urine | Excreted amount in urine 0.0617 27.2 (0.0330, 0.0970) 25.2 0.7
Blood sampling Blood samples were collected at -0:15 hours (pre-dose); 10, = concentrations m—) Estimate GFR m—) data : | Creatinine
20, 30, 45, 60, and 90 minutes; and at 2, 3, 4, 5, 6, 8, 10, lohexol urine excreted L 2 Plasma concentration 0.00255 7.3 (0.00221, 0.00291) 5.1 1.8
12, 14, 16, 20, and 24 hours post-dose during the non- : amount (urine.loss) "Correction factor” :ui:::l;cg:(u::;eedgz) -| Excreted amount in urine 0.0413 414 (0.0142,0.0770) 205 1.2
meat period. Additional samples were taken at 45 and 75 Creatinine urine ¥ - Figure 4 Simulations for AKI diagnosis using different values for creatinine
minutes, as well as at 28, 32, and 36 hours post-dose = excreted amount Apply “correction factor” on individual creatinine urine data : volume of distribution (V,). A) prediction accuracy of changed GFR after onset of AKI comparing
during th ¢ iod . (urine.loss) —) (urine.loss) to generate “corrected urine data” = models with different number of concentrations. B) concentration-time curves following a 75% reduction in
uring the meat period. . Creatinine plasma ‘ E both GFR and nCTS and the timing to diagnose AKI risk, injury, and failure based on RIFLE criteria.
Urine sampling Every 2 hours following iohexol administration until 16 . concentrations —) Estimate CTS N
. 0
h t-d : d 4h f 16h t'Ith .III.IIIIIIIIIIIIIIIII.IIIIIIIIIIIII-II.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII m
SR _Os_e én SHEY S EEE I OHIS HIEEEIE - Figure 3 Comparison of prediction accuracy for GFR and nCTS between models = * 251
end of hospitalization. = using different numbers of plasma concentrations with or without urine data. g
Measurement LC-MS/MS methods E Glomerular filtration rate Net creatinine tubular secretion 4 0+
: 504 -
Data analysis software NONMEM " 5 E e
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIE% —— a%
Table 1 Demographics and baseline characteristics for enrolled participants § B N | R S I S P 50
Demographics/Characteristic é 0 :[ IEIE 01  $-0.3 724 E
s -
Mean (SD) Mean (SD) Mean (SD) Range 5 et i ettt It SPpA e R s | | | | | | | |
=0 T 413 45.0 50.0 55.0 60.0 65.0 70.0 73.8
Number 9 5 14 - : Z Percentage of total body weight as creatinine Vd [%]
Age (years) 31(6) 37(8) 33 (8) 23-48 E 0] Number of concentrations used for prediction 1 — 2 3
Height (cm) 183 (6) 169 (6) 178 (9) 163 - 196 |= 5
Total body weight (kg) 86.2(7.1) 645(4.7) 78.5(12.2) 59.1-95.8 . Steady state - :
s E 7 - I
Body mass index (kg/m?) 259 (2.1) 22.6(0.9) 24.7(2.4) 21.2-289 | :E 4 !
S £ :
Body surface area (m2) 2.08 (0.10) 1.74(0.09) 1.96 (0.19) 1.63-2.22 | & S (failure) x 3.0- :
: D ® !
Plasma albumin (g/L) 45.7 (1.6) 45.4(3.6) 45.6(2.5 40.0-50.0 % 0. *5 i
Plasma creatinine concentration (mg/dL)2 1.00 (0.08) 0.73 (0.09) 0.90 (0.15) 0.60-1.17 % § (niury) x 2.0 :
" O ® X AU I
Estimated creatinine generation rate (mg/h) 78.4 (7.2) 48.0(4.9 67.3(16.3) 41.0-92.6 - E sk 15 i
u ] MsSK) * 1.0 |
Estimated lean body mass (kg) 64.6 (3.7) 47.8(3.7) 58.6(8.9) 43.7-69.7 0- E :
. . . : . . . . . . . T - Baseline -
Estimated total body water (L) 48.1(2.6) 31.9(L.7) 423(8.1) 29.9-525 |= or oo r " **"“’N‘“ ¥ A i@@w‘"‘”ﬁ + - p
: e o o Time aft t of AKI [h
EStimated GFR (mL/mIn/173 m2) 101 (9) 104 (12) 102 (10) 800 - 116 E p: plasma sample {10 min, 30 min, 2 h, and 5 h postdose; later samples were kept if sample number reduced); e atteronset o [ ]

Percentage of total body weight as creatinine Vd [%] 413 60.0 =e= 738

Results & Discussion Conclusion

vV A model for and a v"When using the reference value of 41.3%, models with V, values : The joint model of iohexol and creatinine can serve as an effective
model for fitted the data well; of of total body weight GFR by & tool for estimating unstable GFR and nCTS, with nCTS as a
v Final estimates for and , Scaled 35.7% and 65.7% with one concentration, by 32.2% and 59.4% : potential marker for assessing renal OCT2/MATE activity.
to the mean weight of 78.5 kg, were and , with two concentrations, and by 28.9% and 53.3% with three ;: Simulations revealed significant differences in predicting GFR
respectively; concentrations; changes after AKI based on varying creatinine V4, emphasizing the
v The estimated nCTS in this study accounts for approximately v 'Based on , the to diagnose AKI (from 4.1 = importance of careful selection.

, Which falls within the range of 10% to 40%; to 6.5 h after onset of AKI) is less dependent on the values for References
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males compared to females: accurately predicted both GFR and nCTS.
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