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Figure 2. Relationships between age and whole body clearance (column A}, body weight- (BW) normal-
ized clearance (column B), liver weight- (LW) normalized clearance (column C) and body surface area-
(BSA) normalized clearance {column D} in pediatric patients for theophylline {upper law), phenytoin (middle
law) and cyclosporine (lower law). As stated in the text, V.., /K., values were substituled for clearance for
phenytoin. The open circles (O} indicate the data obtained from neonates andinfancy, and the closed circles
{®) indicate those cbtained from children at 1 year or older. The regression analysis was performed exclu-
sively on the data obtained from children at 1 year or older. Dotted lines represent 95% confidence intervals.
There were significantly (p < 0.01 or 0.05) positive correlations between age and whole body clearance or
Vimax/Kpm for allmodel drugs: Y =338« X+ 167 (r=0.69),Y=3.10+X+243(r=0.61)and Y =20.7 « X +
132.2 (r = 0.67) for theophylline, phenytein and cyclosporine, respectively, In addition, there were signifi-
cantly (p < 0.01) negative correlation between age and BW-normalized clearance for theophyliine {Y =
~0.0586 » X + 2,12, r =-0.43) and V,,,,/K, for phenytein (¥ = -0.0686 « X + 2,42, r=-0.50). Conversely, no
significant age-dependencies were observed for LW- and BSA-normalized clearance for all model drugs.

in prepubertal children (Figure 1b). In con-
trast, the ratio of LW/BSA remained largely
constant around unity throughout the devel-
opmental period (Figure 1b). Actual regres-
sion lines between age and the respective
physiologic parameters for children older
than 1 year were as follows (Figure 1a);

BW (kg)=3.36 * Xage (yr) +4.90 (p<0.01,

r=10.991)
LW (g) =673 » X age (yr) +225.8 (p<0.01,
r=0.982)

BSA (m?) = 0.082 = X age (yr) + 0.337 (p <
0.01,r=0.997).
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For theophylline, relevant clearance data
were obtained from 10 articles consisting of
24 patients [Amold et al. 1981, Ellis et al.
1976, Kelly and Murphy 1979, Leung et al.
1977, Loughnan et al. 1976, Rosen et al.
1979, Simons and Simons 1978, Slotfeldt et
al. 1979, Walsonetal. 1977, Weinberger et al,
1976]. The pediatric patients were aged from
0.25 — 20 years and BW data were availeble
from 12 patients. For phenytoin, relevant data
were obtained from 6 articles consisting of 46
patients {Bauer and Blouin 1983, Blain et al.
1981, Chiba et al, 1980, Crowley et al. 1987,
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Dodson 1982, Odani et al. 1996). They were
aged from 0.5 — 20 years and the BW data
were available from 20 of them. For
cyclosporine, the data were obtained from 6
articles consisting of 14 patients [Hoppu et al.
1991, Jacqz-Aigrain et al. 1994, Mochon et
al. 1996, Reynaud-Gaubert et al. 1997,
" Takadaetal. 1987, Tallman etal. 1988]. They
were aged from 1 —-20 years and the BW data
were obtained from 10 patients. Regarding
the formula of cyclosporine, a microemulsion
formulation (Neoral) was employed only in
the study of Reynaud-Gaubert et al. [1997]
and a traditional formulation (Sandimmun)
was employed in others.

Whole body clearance (ml/min) of the 3
model drugs increased substantially with age
and there were significant (p < 0.05) positive
correlations between the 2 parameters (Figure
2, the column A). However, when the whole
body clearance values of the respective model
drugs were normalized to BW (ml/min/kg)
and plotted as a function of age, there were
significantly (p < 0.01) negative comrelations
between the BW-normalized clearance and
age for theophylline (r =-0.43) and phenytoin
(r=-0.50) but not for cyclosporire (Figure 2,
the column B). As to cyclosporine, there was
a weak and insignificantly negative correla-
tion {r =-0.49, p=0.1) between the parame-
ters. In contrast, when the clearance values of
the 3 model drugs were normalized to LW
(ml/min/g liver tissue) and plotted as a func-
tion of age, no significant age dependency
was observed (Figure 2, the column C}. Fur-
thermore, when the whole body clearance
values of the model drugs were normalized to
BSA (ml/min/m?) and plotted as a function of
age, no significant age dependency was ob-
served (the column D). These data imply that
the catalytic activities of the different CYP
isoforms (CYP1A2, CYP2CS/ 2C19 and
CYP3A4) normalized against a unit LW or
liver volume would be largely constant dur-
ing child development.

Discussion

Recommendations of pediatric dosages
have traditionally been given in BW-norma-
lized values {e.g. mg/kg) due mainly to sim-
plicity. However, it has been suggested that
pediatric dosages expressed as BW-normal-

ized values often exceed those of adults for
many metabolically eliminated drugs (e.g.
antipyrine, lorazepam, phenytein, theo-
phylline, warfarin) [Crom et al.1991, Curless
et al. 1976, Ellis et al. 1976, Takahashi et al.
2000]. As aresult, pediatric dosages for these
drugs calculated by simply multiplying corze-
sponding BW-normalized adult dosages by
BW of children often underestimate those ac-
tually required forattaining satisfactory clini-
cal responses. The present study revealed that
such findings might be explained merelyby a
consequence of discrepancy between the
developmental time courses of BW and LW
during childhood (Figure 1). While the BW-
normalized clearance of the 3 model drugs
that are metabolized by distinct CYP iso-
forms showed a negative correlation with
age, the LW-normalized clearance for the
drugs were largely constant throughout child-
hood (Figure 2). Because the LW-normalized
clearance of these drugs would represent in-
trinsic clearance or the activities of the corre-
sponding CYP isoforms in a unit volume of
the liver tissue, our data are compatible with
the idea that the activity of hepatic
drug-metabolizing enzymes may largely be
constant throughout childhood. However, be-
cause our analysis was confined to the data
obtained from children older than 1 year due
mainly to scarcity of pharmacokinetic data
for neonates and infants, further studies are
necessary to answer whether our findings can
be extrapolated into them.

Previous studies have indicated that dis-

" tinet hepatic CYP isoformns are involved in

the metabolism of the 3 mode! drugs em-
ployed in the present study: CYPIAZ,
CYP2C9/CYP2C19 and CYP3A4 would
dominate the hepatic metabolism of theo-
phylline, phenytoin and cyclosporine, respec-
tively [Goldstein and de Morais 1994,
Kronbach et al. 1988, Tjiz et al. 1996]. Be-
cause essentially similar results were ob-
tained from the 3 model drugs regarding their
developmenta! time-courses of BW- versus
LW-nommalized clearance, we consider that
the ontogeny of other CYP isoforms may be
similar to that of the 3 major CYP isoforms
studied herein. Previous studies [Grygiel et
al. 1983, Murry et al. 1995] also reported that
the mean values of BW-normalized clearance
of a CYPIAZ substrate (e.g. theophylline)
and a glucuronyltransferase substrate (i.e.
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lorazepam) were greater than the correspond-
ing values obtained from adults, whereas the
BSA orliver volume-normalized clearance of
these drugs were largely comparable between
children and adults. However, Murry et al.
[1995]} demonstrated that the clearance of
antipyrine normalized to LW or BSA still
showed 2 significant, albeit small, inverse re-
lationship with age. At present, we cannot af-
ford any reasonable explanation for such a
discrepancy. However, antipyrine is elimi-
nated at least by 6 different CYP isoforms
(e.g. CYP1AZ, CYP2B6, CYP2C8 and
CYP3A4) and thus considered as a non-
specific CYP substrate [Engel et al. 1996]. In
contrast, the 3 model drugs employed in the
present study are more specific probe of dis-
tinct CYP isoforms. In addition, Blanco et al.
{2000] revealed that there are no appreciable
differences in the maximum activities of
CYP1A2, CYP2E]L, CYP3A4, CYP2C8 and
CYP2C9 between pediatric and adult liver
microsomes using ethoxyresorufin, ethoxy-
coumarin, midazolam, paclitaxei and tolbuta-
mide as the probe drugs of the respective CYP
isoforms.

Previous studies investigated .the onto-
geny of human CYP1A2 {Kraus et a]. 1993]
and CYP3A4 [Lacroix et al. 1997] and re-
vealed that the activities of these CYP iso-
forms at birth are substantially lower than
those of adults, but they increase rapidly
neonate and infants, so that the activities of
the unit weight of liver tissue reaches the
adult values by the end of the first year of [ife,
Because we confined our analysis to the data
obtained from children clder than 1 year, we
cannot address the developments of the 3
model drugs in neonates and infants. In this
context, further studies are necessary to clar-
ify whether the strategy employed in the pre-
sent study may also be useful for analyzing
the data obtained from neonates and infants.

Urata et al. [1995] reported that there is a
good correlation between LW and BSA in 65
pediatric and 31 adolescent or adult patients.
Our data retrieved from literature are also in
agreement with their finding (Figure 1). In ad-
dition, the LW- and BSA-normalized clear-
ance of the 3 probe drugs of which hepatic
metabolism is mediated by distinct CYP
isoforms (theophylline for CYP1A2, pheny-
toin for CYP2C9/2C19 and cyclosporine for
CYP3A4) were largely constant throughout

childhood (Figure 2). Because BSA is one of
the most frequently used parameters of the
physiclogic development in children, it
would be a more practical scaling parameter
for pediatric dosage calculation. '

One of the major drawbacks of the present
study is that we performed all the analysis us-
ing the data obtained from different labora-
tories where different assay methods and dif-
ferent éxperimental protocols were employed
to study the pharmacokinetics of the model
drugs. In addition, we had to employ esti-
mated values for important physiologic pa-
rameters of developments (i.e. LW and BSA)
becanse only limited data were available in
the original Literature. Furthermore, because
there is an epidemic increase in childhood
obesity in North America [Sinha et al. 2002],
one may concern whether the literature data
regarding the relationship between age and
physiologic parameters (i.e. BW, LW and
BSA) [Coppoletta and Walbach 1933, ICRP
1975] are still valid for contemporary chil-
dren. However, until such fundamental data
of human development are updated, we can-
not answer this question with confidence. Ad-
ditionally, we cannot totally negate a possibil-
ity that the data we analyzed were subject to
the selection bias as other literature-based
analyses. However, because it is difficult,
albeit not impossible, to perform pharmaco-
kinetic studies for a large number of children,
a literature-based approach like the present
study may be of value to have a preliminary
insight into an unsettled issue regarding the
pediatric dosage recommendation. Another
potential drawback is that we performed the
data analysis using the pharmacokinetic data
derived from total (bound plus unbound) drug
concentrations in plasma or blood, despite
that phenytoin and cyclosporine, but not
theophylline, bound extensively to plasma
proteins [Benet et al. 1996]. However, to our
knowledge, serum concentrations of drug-
binding proteins (e.g. albumin and o;-acid
glycoprotein) increase dramatically and
reach the corresponding adult values by the
end of the first year of age [Lerman et al.
1989, Metcoff and Stare 1947). Because our
analysis was confined to the data obtained
from children who were older than 1 year, the
results of the present article should not be in-
fluenced by the ontogeny of the plasma pro-
tein-binding of drugs.
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In conclusion, we consider that the tradi-
tional strategy of using BW as a sole scaling
factor for calculating pediatric dosage based

. upon the corresponding standard adult doses
may be inappropriate. Assuming that the
hepatic enzyme activities of distinet CYP
isoforms in 4 unit LW remains largely con-
stant for children olderthan 1 year, we wish to
propose that LW would be a better scaling pa-
rameter for estimating pediatric dosages for
the 3 model drugs and possible other metabol-
ically eliminated drugs. Because the develop-
mental time-course of BSA is superimpos-
able to that of LW, BSA could be a useful
substitute for LW as a pediatric dosage scal-
ing factor. Because our analyses were made
upon limited number of subjects and range of
age, further clinical studies are necessary to
confirm our theoretical considerations for an
alternative dpproach to pediatric dosage cal-
culation.
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Current status of pediatric clinical trials
— Special focus on physician-initiated clinical trials for drug approval —

Hidefumi_Nakamura
Division of Clinical Research
National Center for Child Health and Development

Abstract

In Japan, the dosage, indication and/or safety information for use in children are not adequately described
on the package inserts of approximately 70% of pediatric drugs. To rectify this problem, promotion of pediatric
clinical trials is essential. With the revision of the Pharmaceuticals Affairs Law, physicians will be allowed to
initiate clinical trials for drug approval starting July 30,2003, Currently, there are at least two pediatric groups
supported by grants from the Ministry of Health, Labor and Welfare (MHLW) that are aiming for this new
category of clinical trials following this revision. This year, MHLW will also start funding a multi-center clinical
trial network for pediatrics as well as networks for oncology and cardiovascular diseases, to facilitate clinical
trials for approval of new indications/drugs in which manufacturers are not interested. This hopefuily will
facilitate pediatric clinical trials in Japan to some extent. However, incentives other than the current“extension
of re-examination period” will most likely be necessary to further promote manufacturer-sponsored clinical
trials, The infrastructure for pediatric clinical trials has been weak but is being strengthened. A guideline for
physician-investigated clinical trials which are not for drug approval is currently being drafted. Starting in 2002,
new grants from MHLW allow pediatricians to perform multi-center clinical trials that have reasonably good
quality control. The current status surrounding pediatric clinical trials in Japan is changing for the better but
many obstacles still remain. Continuous support from society as well as funding for infrastructures are the keys
for success.

Key words
investigator-initiated clinical trials, manufacturer-sponsored clinical trials, drug approval, ICH E11, network
clinical trials :
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