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Purpose

Published literature data on D3 and 250HD3
pharmacokinetics (PK) have shown consid-
erable variability between studies.The devel-
oped PK model simultaneously described par-
ent D3 and its 250HD3 metabolite, providing
an integrated understanding of variability as-
sociated with baseline (BL) values, nonlinear

(NL) processes, and inter-assay variability.

Objectives

1. To develop a PK parent-metabolite
(PM) model for D3 and its 250HD3
metabolite

To investigate non-linearity in D3 and
250HD3 kinetics

To explore the relationship be-
tween D3 dosage and 250HD3
concentration-response

To investigate sources of 250HD3
variability related to BL and assay type

Background

1. D3 and its metabolites maintain bone
health by facilitating the absorption
of calcium (Ca) from the gut and
kidneys.  The active form of D3,
1,25(0H),D3, provides negative feed-
back for parathyroid hormone (PTH),
which regulates bone remodeling and
Ca homeostasis (Fig. 1)

Clinical assessment of D3 deficiency
relies on measurement of 250HD3.
To date, however, there are no pub-
lished PK models that describe the
D3 dosing-250HD3 response relation-
ship.
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Fig. 1: Metabolism of Vitamin D and its role
in Ca homeostasis [4]
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Methods

Meta-analysis data search-strategy

® Data: public source PK data (D3 &
250HD3) in healthy or osteoporotic
populations were mined from litera-
ture (individual (indiv) & arm-level
data)

e Three study types: (1) D3-25D3 =
D3 administered, 250HD3 concentra-
tions (conc) reported; (2) 25D3-25D3
= 250HD3 administered, 250HD3
conc reported; or (3) D3-D3 = D3 ad-
ministered, D3 conc reported

Graphical Data Evaluation

e Consider dispositional characteristics
(e.g., 1- or 2-compartmental (CMT))

e Visual inspection of time-course (sta-
tionarity) and dose-proportionality
(linear vs NL)

Model-development process

e Mass transfer using ordinary differen-
tial equations (ODEs)

— 1- and 2-CMT models

— Linear and NL clearance (CL)

Fig. 2: Model-development process

Simultaneous Modeling Process
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Variance Models

All models were run with the first order
interaction
(FOCE-I) method. Separate random effects

conditional estimation with

were included for indiv and arms.

Proportional (prop) inter-unit variance

structure for PM models:
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where P; is the estimated parameter value

P; = O exp(

for the ith unit, 6, is the typical population
value of parameter k, 1;,; are the inter-unit
random effects for unit i and parameter k, u
is an indicator for whether the data unit is an
indiv or arm, and nOBS;; is the size of unit 1

at time-point j [1]

Prop residual variance structure for PM

models:
_ €uij
C'obs,ij — Cpred,ijexp( \/m)

where C,p, ;; is the observed conc in unit i
at time-point j, C,..q;; is the unit-predicted

cong, €,;; is the prop residual random error

Software Nonlinear Mixed Effects Mod-
eling (NONMEM®) software, v 7.2 (ICON
Development Solutions, Hanover, MD); data

processing and graphics: R [5]

Results: Model Structure

Literature Search Pharmacokinetic Analysis

e 2-CMT disposition models with inter-

Table 1: Summary of literature data (SD = unit random effects on VMAX, KM, CLM,

single dose; MD = multiple dose) DBASE, and DBASEM (Fig. 4)
Treatment | Endpoint Doses Route/Regimen Individuals Arms Total Studies
Subjects
R e T e e Fig. 4: Final compartmental PK model for D3
D3 D3 ;188:000 PO/SD, MD 0 12 168 7 and ZSOHDB ab
lu/d
D3 250HD3 | 400- PO/SD, MD 14 103 5173 53
300,000
u/d
Totals 25 111* 5406 57*
ENDOG =

*Some studies/arms included more than one end-point VMAX*DBASE/
(KM + DBASE)
=0.6 nmol/h ~
220 luMd

CLNL = CLFM =
VMAX/(KM +

Cps)
VMAX = 1.62
nmol/L (5.38%)
KM = 6.38 nmol/

KELM=CLM/VCM =

0.00352 h_1
CLM = 0.0153 (L/h)

Graphical Data Evaluation

e Prolonged accumulation suggested e
multi-CMT disposition
K12=Q/VC = — K34=QM/VCM =
" . 0.0183h"" K1=QNT= " 511747 K43=QMATM
® NOH-SuperlmpOsable, dose-nOrmallzed Q=0.185L/h 0.000118 h™1 QM =0.0507 L/ -0.00738 b

(3.24%) (17.8%

(DN) curves indicated NL kinetics for
both forms (Fig. 3) [2]

Fig. 3: DN D3 (left) and 250HD3 (right)
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Results: Diagnostics & Simulation

Fig. 5: Observed vs. predicted 250HD3 conc Fig. 7: BL effect on simulated 250HD3 conc
(top) & residuals plots (bottom); pink = indiv, after 1 year of daily D3 dosing (assay =

blue = arms HPLC-MS, CFB = change from BL, log scale on
right)
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Fig. 6: Prediction-corrected visual predictive
check (pcVPC) for indiv (left) and arm (right)

- level data Fig. 8: Simulated median 250HD3 conc after

one year of daily D3 dosing by assay type (BL
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Conclusion

e Diagnostics indicated D3 & 250HD3 were well described by 2 CMT models with 1st order oral absorp-
tion, with NL parent and linear metabolite CL.

Simulations of 250HD3 conc resulting from various D3 doses indicated an inverse relationship between

250HD3 BL and response [6] [3], as well as a less than proportional 250HD3 response.

Simulations of 250HD3 conc measured by different assays indicated HPLC-MS and RIA assays provided
consistent results with one another; CPBA and CHEMI assays were more biased and estimates related
to these assays were less precisely estimated relative to HPLC-MS. Therefore, assay type should be
considered when comparing 250HD3 PK data.




