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Summary Doxorubicin pharmacokinetics were determined in 33 patients with solid tumours who received intravenous doses of
20–320 mg m–2 HPMA copolymer bound doxorubicin (PK1) in a phase I study. Since assay constraints limited the data at lower doses,
conventional analysis was not feasible and a ‘population approach’ was used. Bound concentrations were best described by a biexponential
model and further analyses revealed a small influence of dose or weight on V1 but no identifiable effects of age, body surface area, renal or
hepatic function. The final model was: clearance (Q) 0.194 l h–1; central compartment volume (V1) 4.48 × (1+0.00074 × dose (mg)) l;
peripheral compartment volume (V2) 7.94 l; intercompartmental clearance 0.685 l h–1. Distribution and elimination half-lives had median
estimates of 2.7 h and 49 h respectively. Free doxorubicin was present at most sampling times with concentrations around 1000 times lower
than bound doxorubicin values. Data were best described using a biexponential model and the following parameters were estimated:
apparent clearance 180 l h–1; apparent V1 (l) 1450 × (1+0.0013 × dose (mg)), apparent V2 (l) 21 300 × (1–0.0013 × dose (mg)) × (1+2.95 ×
height (m)) and apparent Q 6950 l h–1. Distribution and elimination half-lives were 0.13 h and 85 h respectively.
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Table 1 Population pharmacokinetic parameter estimates arising from models fitted to bound doxorubicin concentration data

Basic model Model including weight Model including dose

Objective function value 1786.4 1774.8 1770.9
CL (l h–1) 0.194 0.192 0.194
% cv 8.0 8.2 8.2
Interpatient variability in CL 35% 34% 35%
V1 (1) 4.36 4.37 4.48
% cv 6.1 5.6 4.9
Influence of weight or dose on V1 0.0083 0.000737
% cv 43 27
Interpatient variability in V1 34% 31% 27%
V2 (1) 7.50 7.68 7.94
% cv 8.1 8.3 9.0
Interpatient variability in V2 45% 46% 43%
Q (l h–1) 0.696 0.681 0.685
% cv 11 12 11
Interpatient variability in Q 54% 51% 56%
Residual error 1 0.0150 0.0146 0.0162
Residual error 2 1.22 1.22 1.19

% cv = coefficient of variation of parameter estimate, CL = clearance, V1 = volume of the central compartment, V2 = volume of the peripheral compartment,
Q = intercompartmental clearance. N.B. Interpatient variability is expressed as a percentage coefficient of variation. The residual error model had the form
cij = predij x exp (error1ij) + error2ij and the covariate model took the form V1 = θ1 x (1 + θ2 x factor) where θ represents the parameter to be estimated and factor
represents (dose – median dose) or (weight – median weight).
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Figure 1 Population predicted versus measured bound doxorubicin concentrations arising from the basic model. The data from Patient 26 are represented by
solid circles
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Table 2 Summary of the covariate models tested for free doxorubicin

Model Covariate OBJ Compared DIFF Significance
with model

1 None 2269.5 0.0
2 Dose on V1 2252.1 1 17.4 P < 0.005
3 Weight on V1 2263.6 1 5.9 P < 0.05
4 BSA on V1 2264.9 1 4.6 P < 0.05
5 Height on V1 2265.1 1 4.4 P < 0.05
6 Dose on V2 2259.3 1 10.2 P < 0.005
7 Weight on V2 2265.3 1 4.3 P < 0.05
8 BSA on V2 2262.4 1 7.1 P < 0.01
9 Height on V2 2244.4 1 25.1 P < 0.005

10 Albumin on CL 2269.5 1 0.0 NS
11 Dose on V1, height on V2 2227.4 9 17.0 P < 0.005
12 Dose on V2, height on V2 2217.8 9 26.6 P < 0.005
13 Dose on V1, 2204.0 12 13.8 P < 0.005

height on V2, dose on V2

OBJ = objective function value, DIFF = difference in objective function values (> 7.9 is significant at P < 0.005), V1 = volume of the central
compartment, V2 = volume of the peripheral compartment, CL = clearance, BSA = body surface area.

Table 3 Population pharmacokinetic parameter estimates of free
doxorubicin

Basic model Full model
(model 1, Table 2) (model 13, Table 2)

Objective function value 2269.5 2204.0
CL (1 h–1) 179 180
% cv 7.8% 10%
Interpatient variability on CL 35% 33%
V1 (1) 1340 1450
% cv 14% 13%
Influence of dose on V1 0.0013
% cv 29%
Interpatient variability on V1 99% 58%
V2 (1) 16900 21 300
% cv 11% 8.7%
Influence of dose on V2 –0.0013
% cv 40%
Influence of height on V2 2.95
% cv 17%
Interpatient variability on V2 74% 57%
Q (l h–1) 8310 6950

17% 12%
Interpatient variability on Q 159% 128%
Residual error 43% 40%

% cv = coefficient of variation of parameter estimate, CL = clearance,
V1 = volume of the central compartment, V2 = volume of the peripheral
compartment, Q = intercompartmental clearance. N.B. Interpatient variability
is expressed as a percentage coefficient of variation. The residual error
model had the form cij = predij x exp (errorij) and the covariate models took
the form P = θ1 x (1 + θ2 x factor) where P is V1 or V2, θ represents the
parameter to be estimated and factor represents (dose – median dose) or
(height – median height).
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Figure 3 Ratio of bound to free doxorubicin at the time of the first sample. (Patient 26 is represented by a solid circle.) N.B. The first sample was typically
drawn at 5 min for doses < 200 mg and 15 minutes for doses > 200 mg
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