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To develop a PBPK model for acyclovir incorporating processes affecting the
drug's absorption and distribution after v administration of acyclovir (ACY) as
well as its in vivo formation after p.o, administration of the prodrug valacyclovir
(VACV) in aduits. Use the model to evaluate ACY pharmacokinetics in children,

A mechanistic absorplionPEPK model for VACY and ACV were devaloped using
GastroPlus™ 8.5 (Simulations Plus, Inc ). The program’s Advanced
Comparimental Absorption and Transit (ACAT ™) model described the absorption
of bath drugs, while PK for both was simulated with its PBPEPlus™ module. Al
physiclogies were generated by the program's Population Estimates for Age-
Related (PEAR™ ) Physiology ™ module. Intestinal absorption and tissue
distribution accounted for passive diffusion and carrer-mediated transport of both
drugs. Total ACY clearance consisted of renal secretion (passive and carmier-
mediated), biliary secretion, and metabolic clearance (Figure 1), VACY clearance
consisted of metabolic conversion 1o ACY and passive renal filtration (Figure 1), A
pH-dependent model accounted for the degradation rate of VACY in the gut lumen
[1]. Passive diffusion through cell membranes in all issues was calculated from
specific permeability-surface area product (SpecPSic) for each drug along with
tissue cell volumes [10],
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Figure 1: Overview of oritical processss delermining e depotiion of VACY and ACY in gut
heer. and kidrny

SpecPatc and carrier-mediated Vmax in gut, liver, and kidneys for ACY were fitted
against in wivo data {Cp-time profiles and wrine data) after 1- and 8-hr Lv infusions
of ACY in adults |5]. Reported i vifro Km values were used for MATE1, MATE2K,
OCT and QAT [2,3]. The model was validated by predicting ACY PK after 1-hr Lw.
infussions of ACV doses ranging from 2.5 to 15 mgikg [8].

SpecPstc, camier-mediated uptake to gut, liver, and kidneys of VACWV and metabolic
comversion of VACY to ACY were fitted against Cp-time profites of ACY after 100,
500 and 1000mg p.o. administration of VACV. Reported in witro Km values were
used for Valacyclovirase and PepT1 [1.4]. The model was validated by predicting
ACV PK after 250 and 750myg p.o.administration of VACW |7].

ACV PK in different pediatric groups was predicted using drug-dependent
parameters obtained from the adult model and known age-dependent physiological
changes.

The model provides excellent agreement with a variety of reported clinical profiles

after Lv. administration of ACY and p.o. administration of VACY in adults (Figures 2-4).
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Figurs 2 Simasated (ires) and cosered | TACY Cp-time profies (121t) nd Curmiae ALY BTounts

poinits
secreted in urine (right) in aduits afer ACY v infusions of 05 mgiug over 1he [purple) 1mgig over ihr
[baue); 0. 5mgikg over Ehrs (green); Tmgikg cwer Bhs (ned), Theso datasels wene used o fil ACY distnbution
and secrelon paramelers (SpecPsic and tmnsporier Viman values for ACV). Experimental dain wore
obsaned from |5].
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A model calibrated against adult data provided reasonable
predictions of ACV CL and Vd,, for chitdren from 1 1o 17 years old.
Vd,, was predicled well even for infants (0-3 months old). CL was,
howewver, overpredicted -~ 2.5-fold for this age group (Figure 5). This
mismatch was expecied due to the unknown ontogeny of
transparters involved in ACY clearance.
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Figure 4: Simulated fines) and observed (points)
ACW Cp-time profiles afer p.o. administration of
VALY al doses 100, 250, 500, 750 and 1000myg:
Profles. for 100, 500, and 1000mg dosas wene used
o fil VACY dispasition paramesens (ACV di
parametan were wed as fitted Sor Figuees 1 and 2)
Profies for 250 and 750 mg doses wene predicied fo
further valdaie the model, Experimental daka were
albtained from [7]

Figjare 3: Predicied (lnes) and cbeanamd (poinls)
ACV Cp-tene profiles after 1hr Ly infusions of 2.5
gk (purphe), Bmgig (blue), ll:mga'kumun:-md
15mghg (red) ACY. Predictions used

moded parameters & in simulations Hmm in Flgum
1, Experimenial data were oblained from [§]
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Previously, we estimated the ontogeny of renal ransporters from
age-dependant changes of para-aminchippurate (PAH) tubular
secration and we successfully applied this method for the prediction
of amoxicillin PK in neonates and infants [8].

Applying the same scaling for expression levels of renal ransporters
would result in predicted CL = 140 mL/min/1.73 m? for a 1-day-old
newborm (lransporters at 2% of adult levels) and CL = 240
mLfmin/1.73m? for a 3-month-old infant (transporters at 30% of adult
levals). Both predicled clearances are higher than the reported CL =
105 + 42 mLimin/1. 73m? for a group of 0-3-manth-old infants,

Scaling the OCT expression (liver influx transparter) by the same
ralio as renal transporiers results in predicted CL of 33 and 158
mbiminf1.73 m? for a 1-day-old newbomn and a 3-month-old infant,
respectively. The average GL = 95 mLimin/1.73m? is close 1o the
reported average for this age group, suggesting similar rates of
transporter maturation in both fisswes. Further simulation studies are
neaded to verify (or modify) this hypothesis.

The power of PBPK models in predicting pediatric PK is dependent
on the knowledge of age-dependent physiological changes. For
many processes relevant to drug disposition, such information is
not available, The current study presents a strategy for quantitating
thixsa changes from exisling clinical dala in ¢hildran, and thus could
Improve the predictive ability of PEPK models for other compounds
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