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Objectives Pharmacokinetic Analysis PhysioPD Analysis

The PhysioPD modeling effort focused on developing a physiological model of bile
acid metabolism which could be used to provide actionable insights into

Characterize the PK of ursodiol in newborn.

* Non-compartmental analysis was conducted in PK solver.

Demonstrate the usefulness of AMS as a tool for Studying PK In neonates . Compartmenta| ana|ysis was conducted in Nonmem.

Create a PhysioPD model of bile acid trafficking in infants. « PhysioPD models were built using JDesigner in the Systems Biology Workbench. Data for  The variability in Ursodiol PK

the model were complied from literature™=.  The biological effects of Ursodiol on bile acid metabolism (Ursodiol MOA)
* Incorporation of metabolomic data into a physiological model

* Translation of metabolism and PK between adult and pediatric models

Compare the results from the PK/PD and PhysioPD models

Background Results
A
Pediatric Drug Development Non-compartmental Analysis
Children are physiologically different from adults; therefore, drug studies conducted in adult Nem-EemZERETE] EMEEES (e Table 2. NCA results :
populations cannot be simply extrapolated to pediatric populations. Many new drug was condu_cted o e eliie m T
applications still do not adequately address pediatric assessment, and little or no pediatric data concentrqtlon SEIEer M & 1Y) CeseE: h 42 .95 44.13 14.15 Microbe production of s |
exists for drugs approved before the Pediatric Research Equity Act (PREA). As a result, most SRl SUljic e SvEllLELse : h — e ae P —
medicines are prescribed to children in an off-label manner, with dosages extrapolated from sepgratel_y i thg Tl e a_II L Sl el el T e T B M S e T e
adult data through body weight and surface-area calculations. This lack of pharmacokinetic sl el Eel i e enelysls, & Cmax ngrl 6.08 7.37 6.21 | = "1
information can result in adverse effects due to high doses, or suboptimal benefit due to largevarnabllitywasionsemved inihe tlag h 0 0 0 G
inadequate doses. ESUlEUEE [PRIEIMELES. AUC O-i x o e TR (i -
-int pg/ml 1 226.45 417.72 452.79 Sec;);md;ry Conjugat&éilg AC|s«\:\\\\~\L ¥\\“ H - i %‘/{;’7— i
Ursodiol Intestine VZ/F L 196 205 119 \\\\\::i‘%\:?fv—_;’;/’/
One of the reasons for a lack of clinical CL/F L/hr 0.035 0.038 0.026
drug testing in newborns is the volume of i
blood necessary for pharmacokinetic _
studies, typically 100 to 500 ml per study in Data Analysis
adults, presents a major obstacle to the Initial evaluation of the data showed
study of pharmacokinetics in neonates. that while the doses administered were 100 PR
N extremely small, the lowest measured ' A .
drug concentration was significantly 2 %W 4 4 . it
higher than the lower limits of T 10 | smg o
LER LPL guantification (LLOQ). This indicates o M, ., * v 4 m 10nCidose
Cholestasis Bile Acid Cleared that the total amount of labeled drug > Eg :' . Figure 7. To evaluate the effects of ursodiol on bile acid kinetics, a PhysioPD model of adult
_ | —~.@ administered in future studies can be 3 L >3l dose o Subject 1 bile acid metabolism has been developed. The model has a section of bile acid production,
Qholestass (r.eductlon of the r!orma_l ﬂOV_V of reduced, thus lowering the label 5 1 T 1nCidose n A Subject 2 enterohepatic circulation and disposal (A). This section of the model incorporates data from
bile from the liver to the small intestine) is a exposure in newborns. Furthermore, ; e s literature as well as metabolomic data for plasma primary and secondary bile acids. In
common affliction of premature neonates — - T smaller sample volumes may be - LLOQ # Subject 5 addition, the model contains a PK model of Ursodiol as derived in the PK section of this poster
admitted to the neonatal intensive care unit. adipose tissue needed in future clinical studies. R e e s (B). The physiological section of the model did not use any of the PK data or information
Ursccl)dlold(Ab_cltlgaI%) 'S an enddi)g?nm:sly T Blood vessel 0 o :jst nitiol dase () 120 derived from the PK modeling work.
produced bile acid approved to trea
cholestasis in adults is frequently used off- Figure 1. Graphical representation of bile trafficking. Figure 4. Ursodiol concentration compared to lower
label to treat neonatal cholestasis. Ashley and Niebauer (2004) 5. Coronary artery disease. limit of quantification. Difference is shown as a red
g/jr/glcc))l%g];y Explained. London, Remedica. [cited Arrow. D<:4%}iE|
' - Figure 8. A secondary objective for this R I
Compartmental Analysis model was to test the incorporation and e
' use of metabolomic data within a =

The mechanism of action of ursodiol for treatment of cholestasis in neonates is unknown. lts TR & POIEHon 2 PEEmEE: f_|

| | _ | | | _ | PhysioPD model. We chose to use a . = ’
gfﬁcgcy varies W@Iely from patient to patient. The PK of .UDCA In neonates, which may e>_<p|a|n ST Estimate (%RSE) IV (%RSE) e e e Tl T I|p|dom|<; analygls of bll_e acid - [_J I_\j
its wide variation in efficacy, have never been characterized because measurement requires g metabolites which provided quantitative Sl = o

differentiating between endogenous and exogenous compound by using a labeled tracer. This S - a 2-cqmpartment model as the data for each of the primary and L_,; EE e
is the first clinical study of UDCA PK in neonates. a (h+) .65 (0.76) ggztn f:tn o\;‘ ;nguia;?é gr?oc;?ill be secondary bile acids, both unconjuaged = -
and conjugated. Figure 8 shows the et N
| | - | CL (L/hr) 0.022 (039) 0.76 (068) graphs below. Furthermore, cholesterol Synthesis and bile acid &ﬁ{§| BlAdm_o;;\,_*,wi
Ursodiol (ursodeoxycholic acid) is a normal part of human bile Vo (L) 0.935 (0.94) 1.2(0.9) there was a generally good metabolic pathways. Data from this — | [U;;\ | —
Ursodiol is used to treat ' ' A agreﬁmefnt with thf(’;:_CA v lipidomic analysis was used for the ﬁ[;i '| i |j
- resuits ot apparen an lasma bile acid portion of the PhysioPD
Ga_lllstonetc,. _ _ Q (I/h) 1.24(0.76) - values. Similar to the NCA Irjnodel £ Y . — .
2 Rrimanybilianycirrtosis results, large interindividual ErH e
. Biliary atresia V2 (L) 1.21(0.19) 0.86(0.5) variability in the PK parameters el LGt
- Parenteral nutrition-associated cholestasis was identified. rupp, Rl Krauss. Submittedo PLOSL
_ _ Sensitivity Analysis for the Bile Acid Transport
In adults, Ursodiol functions by Parameter from Plasma to Liver
* Inhibiting cholesterol absorption A Observed vs. B Observed vs. 260 Parameter Values
- Suppressing cholesterol synthesis, secretion e population predicted individual predicted B 240 ' o
« Solubilizing cholesterol o - gzzo oozt
« Reducing bile viscosity < —_ b o0
: . P
« Increasing bile flow 8o 8o g
Figure 2. Structure of Ursodiol O O K 10
c
Figure 5. Comparison of observed T ] S 160
« . versus predicted values for the e el A 2 140
Clinical Trial population model is variable as : 5 3 4 01 2 3 4 5 %
expected but clearly shows a trend Pop. Pred. Individ. Pred. g oL
_ _ - - _ (A). Comparison of the individual fit C D 100 |
Thl_s Study was approved by the Loma Llndg University Institutional Review Board and FDA- models with data shows a Individual weighted residuals ~ Weighted residuals 0 8 16 24 32 40 48
registered Radioactive Drug Research Committee. reasonable fit and trend (B). vs. individual predicted vs. Time Hours
The study drug was synthesized in a radiochemistry laboratory (Moravek Biochemicals). Comparison of the weighted S At - [
residuals and either predicted ° | o, ~ Figure 9. Sensitivity analysis for the parameter setting fasting
e L values or time show no trends (C O o ¢ o secondary bile acid uptake from the plasma to the liver. The
Eligibility Criteria: X o o ,©° n — : ) : .
and D). = ° 9 % %P o | @ parameter was varied over a 10-fold range, a portion of which
* Neonates admitted to the LLUCH Neonatal Intensive Care Unit 2= O oo, & S 0% | '3'{ < is shown here.
~— Co © O -
* No cholestasis ' ] W I !
_ -;CE: o n% cecé% °80 % = N
« Weight=1,900 g 5 o 1L°° °r
« Vascular indwelling catheter for multiple blood draws — 0 1 2 3 4 5 0 40 80 120 - o p -
- Nasogastric tube in place Individ. Pred. Hours X S o el A
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 Hemoglobin > 11 g/dL N ‘ = EEEEE Bile NTCP -
Table 1. Subject demographics 5] _ ' T e
gy :

ours
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Ursodiol {normal

Weight at Study Entry (grams) 2,755 (1,910-3,180) == > Sy — W _ Y,
: - Y Figure 6. The 2 compartment Figure 10. While some differences still
Height (cm) 45 (42-47) — population model was converted to a remain, without tuning, the PhysioPD
Body Surface Area (m2) | JDesigner ODE-based model and model can approximate the Ursodiol Figure 11. The most likely explanation for the
Haycock et al. 0.189 (0.151-0.208) 100 | A i compared to the trial data. The blue PK model. A simulation from the variability in the Cmax and terminal half-life of
o line is the simulation results from the Ursodiol PK model (8 mg dose) is Ursodiol is polymorphisms in the organic anion
Gender (n - M/F) 5 (3/2) z . PK portion of the PhysioPD model shown with patient data and the bile transporter (OATP) and the sodium/bile acid
Age at Study Entry (days) 2 (1-6) g 10 plotted with the original data. As acid model output. cotransporter (NTCP)
‘S 33 - | expected, the PK model provides a
_ o 3 £ o reasonable match with the data.
Exclusion Criteria: 5 1 . Subject 3 This model was expanded and
 Major gastrointestinal congenital anomalies f s incorporated into the PhysioPD . .
° Neonatal hepatltls - ——Model simulation mOdeI Of blle aC|d k|net|CS_ PhySIOPD conCIUSIOnS
0 ! : ! : ! ! : ! ! i ! ! : f ! ! ! !
« Anatomic evidence of bile duct obstruction (biliary atresia) 0 24 - 48 . Id?z ) %6 120
ime post Initial dose r
* Choledocal cyst
Y : .. . A physiological model of bile acid metabolism can be developed within a limited time
S SymplomsiStiggestive greysticiinnos!s frame to test and understand the variability and MOA of Ursodiol.
Study Protocol: PK Conclusions * Metabolomic data can easily be incorporated within PhysioPD models.
« 14C-ursodiol was administered to neonates via NG tube in three different doses (1, 3.3, or 10 « Polymorphisms in the OATP and NTCP transporters are probable causes of Ursodiol
nanoCuries of radioactivity; 8, 26, or 80 nanograms of ursodiol) separated by intervals of 48 : iability.
s 4 J ) sep y « A 2-compartment model fitted the data best. PK variability
- .. _ . AMS can be used to studv complicated PK in neonates  PhysioPD modeling indicates that Ursodiol PK will differ between fasted and fed
} Bloc_)d sta(r)néole:LSS(OéZZ leeacg)z\;\r/ehre d;?wn N gg S RIS SRIE CosS ST IISRIET, el y P ' subjects. The differences can be ascribed to a specific parameter within the
again at 0.5, 1.5, 3, 6, 12, an rs after each dose . - : : - :
¢ + The sample volume and dose of labeled ursodiol can be lowered for any future physiological model which alters uptake of the drug into the liver.
» Blood samples were centrifuged to separate serum from RBCs and then stored separately at studies and still provide measurable data.

-80° C until AMS analysis.
« A physiological model of bile acid trafficking in adults had been developed and

« Patient 4 was withdrawn from the study after the 2nd dose due to discharge, and Patient 5 is being modified for infants.

was withdrawn after the 2nd dose due to withdrawn parental consent.
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