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Population Pharmacokinetic Analysis of Two Theophylline Formulations
in Premature Neonates and Infants with Apnea
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A study was conducted to clarify differences in the theophylline pharmacokinetics of two orally available products,
theophylline alcohol and Apnecut, in premature neonates and infants using population pharmacokinetic analysis. Fifty-
two patients with apnea hospitalized at the National Center for Child Health and Development were enrolled (total
number of plasma concentration points=90) . Population pharmacokinetic analysis under steady-state conditions was
performed using NONMEM ver. V. The mean oral clearance was 0.0249 (1/h), and the inter- and intraindividual varia-
tion was 30.3% and 28.3%, respectively, in the basic model. The oral clearance was significantly affected by body
weight, sex, and age. The final model obtained was expressed by the following equation: oral clearance (I/h) =0.0201 X
(body weight (g) /1000) -8 (1—0.282X drug product), where theophylline alcohol is 0 and Apnecut is 1. The inter-
and intraindividual variations in the final model were 15.0% and 15.3%, respectively. The oral clearance of the two oral
formulations differed significantly, and this difference should be considered when adjusting the theophylline dose.
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Table 1. Demographic and Clinical Data in This Patient
Population

Mean=*S.D. Range
Number 52 (male : 25, female : 27)
Postnatal age (d) 34+21 9-107
Body weight (g) 1465+365 841-2548
Birth weight (g) 12361380 528-2158
PCA (week) 3442 30-42

PCA : Corrected postconceptional age.
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Table 2. Demographic and Clinical Data in This Patient
Population

TA APC p

36 16
(female : 15) (female : 12)

Postnatal age (d) 32.0+19.1 36.6+24.0 0.322
Body weight (g) 14804381 14384339 0.605
Birth weight (g) 1268 =398 11824346 0.303
PCA (week) 34.2+2.3 34.2+2.2 0.996
Oxygen supply 23 12

Sampling points 57 33

Sampling time from 9.83+1.50 9.53+1.45 0.371
last dose (h)

Theophylline dose 2.49+0.78 1.53+0.51 *<0.001

(mg)

Plasma Conc./Dose 2.87+0.89
(mg/1/mg dose)

420+1.62  *<0.001

PCA : Corrected postconceptional age.
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Fig. 1. Relationship between Plasma Theophylline Concentration and Age and Dose
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Fig. 2. Relationship among Demographic and Clinical Data at First Sampling Time Point in This Patient Population
Sex: male=0, female=1, Product: TA=0, APC=1, Oxygen: yes=1, no=0.
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CL/F (1/h) =0.0201 X (BW (g) /1000) !-08

X (1—0.282 X HIHI()

#1% (TA=0, APC=1)

%5 %720 Basic model & FE: L T/hNE <720 /=,
E7z, FEHMARESET IV SHEE I NI R
E ORI {%1Z, basic model (E{RRIZE) @ 30.3%,
EARNZAE) @ 28.3%) 1T, KWHBENE SN

BRETFIICXODESNZROZY T T > A D 7= (Fig. 3).
KA B DL BRI (CV) 13 15.0%, 1M EED



No. 4

639

£ £

THT 14U OERNEREIIEL DBREERICKD
HEBINDD, HORBT Lo REDZER
2, "WHEOEVIZELDHDON, BEYROLHKT
WZE2H00, BUEOANSHET 2 Z SR
Ths. BHARMICHBIT2EEEREFIIHEICE
BhRrENMMEINEN oD, REETHELZT
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Table 3. Hypothesis Tested Concerning Intersubject Varia-
bility of Apparent Oral Clearance by Population Phar-
macokinetic Analysis

OBJ AOBJ  p value

Basic model 256.289
01 - (BW/1000) 2 164.746 91.543 <0.001
01 - (1+62*SEX) 231.408 12.714  <0.001
01 - (1+62*AGE) 237.073 19.216 <0.001
Full model 156.941
reduction of SEX 159.499 —2.558 0.1097
reduction of AGE 162.663 —5.722 0.0168
Final model : 61 - 164.746
(BW/1000) 2
61 - (BW/1000)% - 132.388  32.358 <0.001
(1+63*AP)

AP : drug formulation (theophylline alcohol=0, Apnecut®=1).

Predicted Concentration (mg/L)

Observed Concentration (mg/L)

Predicted Concentration (mg/L)
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Fig. 3. Relationship between Measured Theophylline Concentration and Predicted Concentration

left panel: basic model, right panel: final model.
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