Cancer Chemother Pharmacol (2003) 52: 3440
DOI 10.1007/s00280-003-0608-x

ORIGINAL ARTICLE

Lorraine D. Ralph - Alison H. Thomson
Nicola A. Dobbs - Chris Twelves

A population model of epirubicin pharmacokinetics and application

to dosage guidelines

Received: 1 October 2002/ Accepted: 19 February 2003 / Published online: 23 May 2003

© Springer-Verlag 2003

Abstract Purpose: To use a population approach to
identify readily available clinical or biochemical char-
acteristics that influence the pharmacokinetics of epiru-
bicin and to develop new dosage guidelines based on
these results. Methods: Data were available from 109
patients with advanced breast cancer, 72 of whom were
known to have liver metastases. They were treated with
single-agent epirubicin 12.5 to 120 mg/m?. Analysis was
performed using the software package NONMEM and a
three-compartment model was fitted to the data.
Results: Individual clearance (CL) estimates ranged
from 4 to 86 l/h and the final model included CL as a
function of aspartate aminotransferase (AST): CL (I/
h)=72.9—-(72.9x0.135xInAST). Inclusion of this factor
reduced the interindividual variability in CL from 49%
to 39%. Using a target AUC of 4000 ng-h/ml, the fol-
lowing doses were predicted to achieve this exposure
with the greatest precision: AST <150 TU/l 125 mg;
AST 150-250 TU/1 90 mg; AST 250-500 IU/1 60 mg;
AST >5001U/l 30 mg. These new guidelines were
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compared with three other guidelines based on serum
bilirubin or AST concentrations and body surface arca
(BSA). The new guidelines achieved the target with
greater precision (root mean squared error, rmse,
39.0%) than the current UK guidelines, current USA
guidelines or an earlier equation based on AST (rmse
63%, 62% and 59%, respectively). Conclusions: The
proposed dosing guidelines should reduce variability in
systemic exposure to epirubicin more effectively than
traditional approaches. In addition, as they do not re-
quire adjustment according to BSA, they could reduce
dosage preparation time and the potential for prescrib-
ing and dispensing errors.
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Introduction

Epirubicin is a cytotoxic anticancer agent of the anth-
racycline group that is structurally identical to that of its
prototype, doxorubicin, except for the spatial orienta-
tion of the hydroxyl group at the 4’ position of the da-
unosamine sugar [17]. Epirubicin is active against a
range of tumours [15] and is widely used in the treatment
of women with early or advanced breast cancer,
administered either alone or in combination with other
anticancer agents [4].

The plasma concentration-time profile of epirubicin is
best described by a triexponential equation [2, 22]. Al-
though plasma clearance (CL) of epirubicin is rapid
(50 1/h/m?), the terminal half-life is relatively long (30 h)
due to the large volume of distribution of epirubicin
(1000 1/m?) [16].

As epirubicin is predominantly cleared by the liver,
patients with hepatic metastases and impaired liver
function may have reduced clearance [2]. The current
product label recommends a reduction in the dose of
epirubicin for patients with liver dysfunction based
primarily on bilirubin concentration [8]. In addition,



epirubicin doses are routinely adjusted according to body
surface area (BSA), although Gurney et al. [12] did not
find any relationship between BSA and any pharmaco-
kinetic parameter. Twelves et al. [21] identified aspartate
aminotransferase (AST) as a more sensitive and reliable
marker of epirubicin clearance than bilirubin in 52 wo-
men with advanced breast cancer. Their studies suggested
that the current guidelines may not be optimal for pa-
tients with hepatic disease and they proposed a dosage
equation based on AST and BSA [7]. In the present study,
the data set previously evaluated by Twelves et al. [7, 21]
was extended to include a total of 109 patients. The
pharmacokinetics of epirubicin were then assessed using
a population approach to identify the clinical and bio-
chemical factors that best described epirubicin clearance
and would consequently influence dosage requirements.

Methods

Patient data

Data were collated from three trials that were performed at Guys
Hospital, London. There were 109 patients in total, some of whom
were included in studies described previously [7, 21]. The studies
were approved by the local ethics committee and all patients gave
written informed consent. Epirubicin was given as a single agent
administered as a rapid intravenous infusion (median 3 min, range
0.4 to 19 min) to women with advanced or metastatic breast cancer.
Trial 1 comprised 50 women with liver biochemistry tests that were
either normal or minimally disturbed (AST not more than 2.5 times
above the upper limit of the reference range and bilirubin within
the reference range); epirubicin 12.5-120 mg/m? was given once
every 3 weeks. In trial 2, a total of 23 women with radiologically
proven liver metastases received weekly epirubicin at a dose of
25 mg/m®. The 36 women in trial 3 had liver metastases and re-
ceived epirubicin at doses of 20 to 75 mg/m? every 3 weeks,
according to their serum AST and performance status.

In all cases, blood samples were collected for the measurement
of epirubicin concentration following the first cycle of treatment.
The mean number of blood samples collected from each patient
was 12 (range 8 to 18). Typical blood sampling times were predose
then 6, 10, 15 and 30 min and 1, 2, 4, 6, 12, 24 and 48 h after
dosing. The plasma was separated and stored at —20°C until
analysis. Epirubicin plasma concentrations were then determined
by HPLC as previously described [6].

Population analysis

Data were analysed with NONMEM version V using the first-order
conditional estimation method with interaction (FOCE-INTER)
[1], although some exploratory analyses were performed with the
first-order method (FO). Two- and three-compartment models with
zero order input were fitted to the data. NONMEM was used to
estimate the pharmacokinetic parameters of the structural model
and the random effects models, i.e. interpatient variability and
residual variability. Interpatient variability (1) of the pharmacoki-
netic (PK) parameter estimates was assumed to correspond to a
log-normal distribution, described as follows:

PK; = P x exp(ix)

where PK; represents the kth pharmacokinetic parameter for the ith
individual and Py is the typical population estimate of parameter
(e.g. CL or V) and #; is the individual deviation from the popu-
lation parameter (Py). A full variance-covariance () matrix was
used. The following residual error models were compared:
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Additive: ¢ = pred;; + &
—  Proportional: ¢; = pred;; + pred;;g;
— Combined: ¢jj = pred;; + pred;j.&; + &2

where c;; is the measured concentration at the jth sampling time in
the ith individual, pred;; is the predicted concentration at the jth
sampling time in the ith individual and €; and ey;; are residual error
terms. The models were compared by examining the objective
function values (OFV) and plots of weighted residuals against time.

Potential relationships between pharmacokinetic parameters
and covariates were investigated by visual inspection of scatter plots
and statistical analysis by Generalized Additive Modelling (GAM)
using the software packages Xpose version 3.0 [14] and S-plus 2000
(MathSoft International, Bagshot, UK). In the GAM analysis each
covariate was included as a linear regression model in a stepwise
manner, and if found to be statistically significant was then included
as a natural cubic spline with one internal breakpoint. Individuals
who had any missing covariate information were excluded from the
GAM analysis. Individuals with high leverage and/or Cook’s values
were removed from the data set and the GAM analysis was repeated
[3]. Covariates identified from the scatter plots and from the top
three models of the GAM analysis as influencing epirubicin CL were
investigated using NONMEM. Subjects with missing covariates
were excluded. Covariates were added as linear or nonlinear func-
tions as judged appropriate from the scatter plots. Following the
addition of a covariate to the model, a fall in OFV associated with a
value of P <0.05 was required (3.84, one degree of freedom) [1]. The
covariate with the greatest influence on CL, as judged by the largest
fall in OFV, was retained in the model and the other covariates were
then added into the model singly, again retaining the covariate
combination with the lowest OFV. This was repeated until all
identified covariates were added into the model or until there was no
further statistically significant reduction in OFV. Covariates were
then included in the models for other pharmacokinetic parameters
using the same approach. Changes in interindividual variability
were also examined and covariates that produced a negligible
improvement in interpatient variability were removed from the
model. If the final model for a PK parameter included a covariate,
the prediction errors (P;) of the PK parameter estimates in the basic
and final model were calculated as follows:

Pei(%) = (Pk,- — PKi)/Pk[ x 100

where Py; is the population estimate of the PK parameter for the ith
individual and PK; is the empirical Bayesian estimate of the PK
parameter for the ith individual. The root mean squared prediction
error (rmse), which describes the imprecision of the population PK
parameter estimates, was calculated from the square-root of the
mean squared Pg; (%) (mse) values [20], that is:

1S,
mse = — ei” rmse = /mse
The mean prediction error (me), which describes the bias of the
estimates, was calculated from the average of the P.; (%) values.

Development and assessment of new dosage guidelines

In clinical practice, a nadir total white blood cell (WBC) count of
1-2x10°/1 would be typical in women receiving palliative chemo-
therapy for metastatic breast cancer. Applying the relationship be-
tween WBC and AUC previously described by Jakobsen et al. [13], a
target epirubicin AUC of 4000 ng-h/ml was calculated to produce
this nadir. Dosage guidelines to achieve this target AUC were
subsequently developed from the population model. The standard
dose for patients with normal liver function was set at 125 mg,
calculated from the current recommended dose of 75 mg/m? mul-
tiplied by the median BSA of the patients (1.65 m?). Using the
relationship CL =dose/AUC, the CL estimates that would require
100%, 75%, 50% and 25% of this standard dose (i.e. 125, 90, 60 and
30 mg) to attain the target AUC of 4000 ng-h/ml were calculated.
These CL estimates were found to be 32, 22.5, 15 and 7.5 1/h. CL



36

values in the middle of these ranges, i.e. 27.25, 18.75 and 11.25 1/h,
together with the population model for CL, were used to determine
the AST concentrations required for dosage alteration.

Using the proposed new dosage guidelines, the expected AUC
values (AUC;) for patients in the current data set were then cal-
culated using the following formula:

AUC; = Dose/CL;

where dose was entered according to the proposed dosage scheme
and CL; is the individual Bayesian estimate for CL estimated from
the NONMEM analysis.

The expected AUC values were estimated in a similar manner
using doses suggested by the current UK guidelines for epirubicin
[8], current USA guidelines [9] and according to the dosage scheme
previously developed by Dobbs et al. [7]. All current guidelines
recommend adjusting dose according to BSA. In addition, the UK
guidelines state that the standard dose of 75 mg/m? should be re-
duced by 50% if the bilirubin concentration is 24-51 pmol/l and by
75% if the bilirubin concentration is >51 pmol/l. The USA
guidelines suggest a standard dose of 110 mg/m? with a 50%
reduction if bilirubin concentrations are 20-51 pmol/l or AST
concentrations are 86 to 172 IU/l. A 75% dose reduction is rec-
ommended if bilirubin concentrations are >51 pmol/l or AST
concentrations are > 172 IU/l. The dosage equation developed by
Dobbs et al. [7] was intended for patients with abnormal liver
biochemistry and is also based on AST: dose (mg/m?)=target
AUC (97.5-34.2xlog;oAST).

The percentage prediction error (Pg) of the AUC; estimates
relative to the target AUC was calculated as follows:

Pei(%) = (AUC; — targetAUC) x 100/targetAUC

where AUC; is the individual estimate of AUC for the ith indi-
vidual, given each set of dosage guidelines. The rmse and me of
the AUC estimates, relative to the target AUC, were calculated as
described previously. A paired two-sided #-test was performed to
test if the difference in rmse between the new proposed guidelines
and the other guidelines was statistically significant (P <0.05).
The 95% confidence intervals (CI) were calculated for me [20]. The
predicted AUC values were considered significantly biased if the
95% CI excluded zero.

Results
Patient data

Summary statistics of patient demographics and clinical
characteristics are displayed in Table 1. Of the 109 pa-
tients, 21% had bilirubin levels above the reference
range, 69% had AST levels above the reference range
and 69% had alkaline phosphatase levels above the
reference range. Creatinine and albumin levels were
generally within the reference range; only 6% of patients
had albumin concentrations below the reference range
and 7% had creatinine concentrations above the refer-
ence range.

Population analysis

The two-compartment model did not converge success-
fully using FOCE-INTER, so the structural component
of the model was assessed using FO only. Plots of the
weighted residuals versus time showed a more symmet-
rical pattern about the x-axis for the three-compartment
model compared to the two-compartment model. The
residual error was best described by a proportional

Table 1 Summary of demographics and clinical characteristics of
patients

No. of Reference Median Range =n
patients range

Dose (mg) 78 20-228 109
Age (years) 57 35-79 109
Height (zcm) 157 132-175 108
BSA (m”) 1.65 1.25-2.2 108
Weight (kg) 62.8 37-89 108
Percent of ideal 110 71-157 108

body weight
Bilirubin (umol/l) <23 10 1-282 109
AST (1U/1) <43 90 7-815 109
Creatinine (umol/l) 50-130 82 47-167 104
Albumin (g/1) 3046 36.5 25-54 106
Alkaline phosphatase <255 403  61-2972 108

aum
WHO performance

status

0 11

1 47

2 41

3 10
Liver metastases 72 109

present

model and interindividual variability could only be
estimated on CL, intercompartmental CL between
compartments 1 and 3 (Q3) and volume of compartment
3 (V3). Individual concentration measurements adjusted
for a dose of 75 mg/m?, and a typical concentration-time
profile simulated using the basic population pharmaco-
kinetic parameters, are illustrated in Fig. 1. Figure 2
shows the population and individual predicted concen-
trations that were obtained using the selected model
plotted against the observed concentration measure-
ments. Individual Bayesian estimates of CL ranged from
4 to 86 1/h.

The GAM analysis identified AST, dose, creatinine
clearance, BSA and weight as influencing CL. Bilirubin
was not selected in the top three or even the top ten
GAM models as a statistically significant covariate
influencing CL. Liver metastases, dose and albumin
were identified as influencing Q; and AST, albumin,
bilirubin and height were identified as influencing Vj.
Four patients with missing covariates were excluded,
leaving a total of 105 patients whose data were analysed
using NONMEM. A summary of the OFVs obtained for
the principal models tested is given in Table 2. The
largest fall in OFV (56.4) was observed following
inclusion of the natural log of AST into the model for
CL. Including bilirubin as a covariate in the CL model
resulted in a fall in the OFV of 12.1, and there was no
statistically significant fall in the OFV when creatinine
clearance was included in the CL model. The full model
included CL as a function of InAST, dose, BSA and liver
metastases, Qs as a function of In dose and liver
metastases and V3 as a function of bilirubin, albumin
and height. AST accounted for approximately 10% of
the interindividual variability in CL, whereas other co-
variates each accounted for less than 2% of the inter-
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Fig. 1 Measured concentration data adjusted for a dose of 75 mg/m>
plotted versus time. The solid line represents a typlcal concentration-
time profile following a dose of 75 mg/m? assuming the population
parameters estimated using the basic model
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Fig. 2A, B Model-predicted epirubicin concentrations against
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concentrations; B individual predicted versus observed concentra-
tions
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Table 2 Summary of models tested in the population analysis (CL
clearance, V3 volume of compartment 3, Q; intercompartmental
CL between compartments 1 and 3, ALB albumin, AST aspartate
aminotransferase, BILI bilirubin, BSA body surface area, HGT
height, LMETS liver metastases, WHO World Health Organiza-
tion performance status, OFV objective function value)

Model CL model OFV AOFV" Compare with
no. model no.
0 Base model 8035
1 In AST 7978 56.4 0
2 Dose 8007 27.1 0
3 LMETS 8016 18.5 0
4 BILI 8022 12.1 0
5 WHO 8026 9.0 0
6 In AST + dose 7975 34 1
7 In AST + LMETS 7973 5.5 1
8 In AST + LMETS 7967 5.9 7
+ dose
9 In AST + LMETS 7962 4.6 8
+ dose+ BSA
V3 model
10 HGT 7958 4.0 9
11 BILI 7957 5.2 9
12 BILI + HGT 7953 3.9 11
13 BILI + HGT + ALB 7948 4.6 12
Q3 model
14 LMETS 7938 10.0 13
15 LMETS + In dose 7931 7.8 14

?Fall in OFV of 3.84 is required for statistical significance (P <0.05,
one degree of freedom), except WHO performance status for which
a fall in OFV of 7.81 is required for statistical significance (P <0.05,
three degrees of freedom)

individual variability and were, therefore, considered not
clinically significant. Likewise, the covariates that were
identified for Q; and V3 each reduced interindividual
variability on these parameters by less than 2%. Thus,
the final model included CL as a function of InAST only:
CL (I/h)=72.9-[72.9x0.135xInAST (IU/l)]. The rela-
tionship between CL and AST is illustrated in Fig. 3,
and population parameter estimates from the basic, full
and final models are presented in Table 3. When the
imprecision (rmse) of population CL estimates was cal-
culated relative to Bayesian CL estimates, there was an
improvement from 53% in the basic model to 44%
following the inclusion of AST in the final model. The
bias (me) in the estimates also improved from —13% in
the basic model to —11% in the final model.
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Fig. 3 Individual CL estimates
(1/h) plotted against AST
concentrations (IU/]) fitted with
the population model equation
for CL (solid line)

Individual CL estimates (I/h)

Development and assessment of new dosage guidelines

The AST concentrations associated with the mid-way
CL values were determined from the population model
for CL and used to define new dosage guidelines (Ta-
ble 4). AUC could not be estimated using the earlier
equation [7] for one patient with an AST level of 815 TU/
1 because the dose becomes negative at AST concentra-
tions above 709 1U/L.

The bias (me) with 95% CI of the AUC values cal-
culated for the proposed new guidelines was —0.1%
(-3.7, 7.4%), compared with 0.9% (-11.2, 13.0%),
49% (=7.0, 16.8%) and 18.9% (8.3, 29.5%) for the
current UK guidelines, USA guidelines and the earlier
equation [7] respectively. The imprecision (rmse) of the
AUC values relative to the target was 39% for the new
proposed guidelines compared with 63%, 62% and 59%
for the current UK guidelines, USA guidelines and the
earlier equation [7], respectively. A paired ¢-test indi-
cated that the improvement in rmse observed with the
new proposed guidelines compared to the UK guide-
lines, USA guidelines and the earlier equation was sta-
tistically significant, with P-values of 0.045, <0.001 and
<0.001, respectively.

Discussion

The purpose of this analysis was to identify clinical
characteristics that influence epirubicin clearance and to
propose improved dosage guidelines. The most impor-
tant findings of the current study are that a population-
based approach has confirmed that AST has a signifi-
cant impact on epirubicin pharmacokinetics but that
BSA does not have an identifiable effect. These results
have been used to develop a simplified epirubicin dose
modification scheme based on serum AST alone.

The current UK epirubicin dosing guidelines recom-
mend a reduction in dose of 50% in patients with
moderately elevated serum bilirubin and 75% reduction
in patients with severely elevated bilirubin [8]. In our
study, however, bilirubin was not identified in the top

400

600 1000

AST concentration (1U/l)

ten models for CL by the GAM analysis. Moreover,
inclusion of bilirubin level in the NONMEM analysis
resulted in a fall in the OFV value that was smaller than
that observed when AST or the presence of liver
metastases were included in the model. Patients with li-
ver metastases generally had bilirubin levels within the
reference range but AST concentrations above the ref-
erence range. This indicates that AST may be a more
sensitive marker of liver damage than bilirubin for such
patients and that dosage adjustments based on bilirubin
may not be ideal. It should be noted that patients with
liver biochemistry within the reference range were not
routinely scanned for liver metastases. Consequently,
some women with normal liver biochemistry may have
had unidentified liver metastases.

The comparison of the various dosage guidelines in
this analysis assumes that the target AUC selected is
appropriate. However, as the equation developed by
Dobbs et al. [7] can be used for any AUC target and the
UK and USA guidelines gave predicted AUC values
that were not significantly biased relative to the target
AUC, it would appear that this target is appropriate, at
least for comparative purposes. The USA guidelines
resulted in an average AUC that was approximately 5%
greater than the target AUC. Since the standard epiru-
bicin dose recommended in the USA is approximately
50% higher than in the UK, it is surprising that the USA
guidelines produced an average AUC that was only 5%
above the target. However, the USA guidelines tended
to achieve AUC values above the target in patients with
normal AST concentrations but below the target in pa-
tients with moderately elevated AST levels. This may
have been due to the recommended dose reduction of
50% in patients with AST concentrations two to four
times the upper limit of the reference range. As the
present analysis suggests that a reduction of only 0-25%
is required for such patients, it appears that the USA
doses for patients with moderately elevated AST con-
centrations are too low. It should be noted that the
evaluation of the dosage guidelines by their ability to
minimize rmse assumes a linear relationship between
AUC and response. Hence, for example, a 20% pre-



Table 3 Population pharmacokinetic parameter estimates for epi-
rubicin from basic, full and final models [RSE relative standard
error; AST aspartate aminotransferase; BSA body surface area;
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LMETS liver metastases; BILI bilirubin; HGT height; ALB albu-
min; oCL, wQj;, wV; interindividual variability (CV) for CL, V;
and Qj3, respectively; ¢ residual variability (CV)]

Basic Full Final
Estimate RSE (%) Estimate RSE (%) Estimate RSE (%)

CL (1/h) 0, 29.0 5.1 81.0 19.3 72.9 8.0
Vi) 0, 10.3 8.3 10.2 8.4 10.3 8.2
Q> (I/h) 05 29.8 13.0 29.8 12.9 30.2 12.7
V> () 0,4 349 16.6 35.5 16.4 35.7 16.1
Qs (I/h) 05 61.5 6.3 22.0 60.0 61.5 6.1
V3 (1) 0O 754 5.6 360 34.7 772 54
Ln AST (CL) 0, — - 0.139 5.4 0.135 4.5
DOSE (CL) 0g - - 0.00424 41.3 - -
BSA (CL) 0 - - 0.276 20.3 - -
LMETS (CL) 010 — - 1.45 10.3 - -
BILI (V3) 011 - - —0.00193 17.4 - -
HGT (V) 012 - - -0.00381 21.4 - -
ALB (V3) 015 - - 0.0115 18.8 - -
Ln DOSE (Q3) 014 - - 0.317 101 - -
LMETS (Q3) 015 — - 1.29 6.8 — -
oCL (%) 49.5 15.5 344 16.1 39.4 14.3
0Q3(%) 34.6 18.4 314 18.6 344 17.8
wV3(%) 43.6 23.2 40.1 21.9 42.7 22.4
o (%) 23.2 9.2 23.1 9.2 23.2 9.3
Full model: TVCL=0,*(1-0;*(InAST)*(1+ 0g*DOSE)*(1-09* TVV3= 0¢*(1+0,1*BIL])*(1 +0,,*HGT)*(1-0,3*ALB)

BSA) if liver metastases present *0;,
TVQ;=05*(1+ 0,4(InDOSE) if liver metastases present *0,5s

Table 4 New dosage guidelines for epirubicin based on AST con-
centration

AST (IU/1) Dose (mg) Dose (% normal)
<150 125 100
150-250 90 75
250-500 60 50
> 500 30 25

diction error is twice as great as a 10% error, an
assumption that may not be true if there is a non-linear
relationship between AUC and response. Furthermore,
as AUC values above and below the target AUC have
been given equal weighting in this analysis, it does not
account for the potentially different consequences of
under and over dosing.

The variability in AUC, as measured by rmse relative
to the target AUC, attained using the UK [8] and USA
[9] guidelines and the earlier equation [7], was approx-
imately 60%, but fell to less than 40% using the
guidelines derived from the present analysis. This
improvement was statistically significant. Of the 105
patients, the estimated AUC value evaluated with the
new AST guidelines was between 3000 and 5000 ng-h/ml
in 54 patients, compared to 39 patients with the current
UK dosage guidelines, 37 patients with the USA dosage
guidelines and 35 patients with the earlier equation.

The apparent improvement using the new guidelines
compared to the earlier equation is likely to have been
due to the larger number of patients used in their
development (105 compared to 16) and the potential

Final model: TVCL =0,*(1-0;*(InAST))

benefits of using a mixed effect model over the two-stage
approach [19]. It is recognized that the apparent
improvement in bias and precision following the inclu-
sion of AST in the population model for CL, calculated
using post-hoc CL estimates, may give an exaggerated
sense of the model’s validity as the same patient data
were used for model development and validation. Fur-
ther validation is required using an external dataset be-
fore definite conclusions can be drawn regarding the
performance of this model. The dataset used in this
study was derived from the first cycle of treatment only.
It was not possible, therefore, to ascertain whether the
pharmacokinetics and/or pharmacodynamics of epiru-
bicin are affected by treatment period, nor to predict
how well these guidelines would perform over several
treatment cycles.

The difficulties in attaining the target AUC, even with
the proposed new guidelines, reflect the high unex-
plained interindividual variability of CL. The basic
model used in the current population analysis identified
the interindividual variability in CL as 49%. In the final
model that included an influence of AST on CL, inter-
individual variability only fell to 39%, indicating that a
large amount of variability was not explained by the
final model. However, inclusion of three additional co-
variates in the CL model only accounted for a further
5% of the interindividual variability in CL. It is possible
that the data set used was too small to identify all the
sources of variability, or that unknown factors, such
as diet or genetic differences in metabolic enzymes, are
also important. Consequently, it may not be feasible
to consistently achieve the optimum systemic exposure



40

to epirubicin simply by using clinical characteristics to
determine the dose. An alternative approach would be to
explore an adaptive feedback dosing strategy. However,
as there is currently resistance to adaptive feedback
strategies due to the cost, time and impracticalities in-
volved, it is important that dosage guidelines are prac-
tical and effective.

The earlier equation based on AST [7] along with the
current UK and USA guidelines include dose adjust-
ment according to BSA, as is the usual convention in
oncology; however, adjustment for BSA is omitted from
the proposed new guidelines. The scientific rationale for
dose adjustment according to BSA is unclear for most
cytotoxics [11] including epirubicin [5, 12]. Administra-
tion of a dose in milligrams rather than milligrams per
metre squared, as proposed in this study, would be
advantageous, as adjusting dose according to BSA is
time-consuming and prone to prescribing and dispensing
errors [10]. No positive relationship between BSA and
CL of epirubicin was observed in this study, and this is
consistent with the findings of previous studies [5, 12].
Indeed, a weak negative relationship was observed be-
tween CL and BSA. This is difficult to explain physio-
logically, although a negative relationship between CL
and ideal body weight has previously been observed for
doxorubicin [18].

In conclusion, the dosage guidelines developed in the
current study, which were based solely on serum AST,
achieved AUC values that were closer to the target and
with lower variability than current UK and USA dosage
guidelines and a previous equation based on AST [7].
Dose administration in milligrams rather than milli-
grams per metre squared may be a further advantage of
the proposed scheme as it could reduce dose preparation
time and dosing errors. Prospective evaluation of these
new dosage guidelines is warranted.
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