
Practical Treatment Guide for
Dose Individualisation in
Cancer Chemotherapy
Pierre Canal, Etienne Chatelut and Sylvie Guichard
Pharmacology Laboratory, Institut Claudius Regaud, Toulouse, France

Contents
Abstract  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1019
1. Rationale for Pharmacokinetically Guided Dose Adaptation  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1020
2. Pharmacokinetic-Pharmacodynamic Relationships in Clinical Oncology  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1021
3. Methods of Drug Dosage Adjustment in Clinical Oncology  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1022

3.1 Conventional Method  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1022
3.2 A Priori Dosage Determination Based on Patient Characteristics  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1023
3.3 Dose Adaptation During Repeated or Continuous Administration .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1030
3.4 Dose Adaptation with Feedback Control  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1032

4. Conclusions  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 1032

Abstract Dosages of anticancer drugs are usually calculated on the basis of a uniform
standard, the body surface area (BSA). Although many physiological functions
are proportionate to BSA, overall drug clearance is only partially related to this
parameter. Consequently, following administration of equivalent drug dosages
based on BSA, a wide variability in plasma drug concentrations can be found
between patients, as a result of which some patients experience little toxicity
while others may show severe toxic symptoms. A clear pharmacokinetic/pharma-
codynamic correlation has been demonstrated for some anticancer drugs, and this
relationship provides a background against which rational dose optimisation can
be implemented for individual patients. The 3 strategies that can be employed for
optimising dosage regimens, none based on BSA, are described and criticised.

A priori adaptive dosage determination is based on the relative contribution
of identifiable characteristics of patient, drug therapy and disease state that influ-
ence plasma drug concentrations; the dosage regimen is based on each patient’s
profile with regard to these characteristics. Although this approach is most suc-
cessful with drugs whose clearance is closely tied to renal function, patient char-
acteristics such age, obesity, serum albumin or hepatic function may be useful.
The anticancer drug most closely identified with this approach is carboplatin,
although dosage reduction strategies for etoposide, taxanes, anthracyclines, topo-
tecan, oxazaphosphorines, vinca alkaloids or melphalan are advocated for pa-
tients with renal or hepatic dysfunction. The importance of pharmacogenetics for
fluorouracil and mercaptopurine is also briefly discussed.

The second approach consists of adaptive dosage adjustments during repeti-
tive or continuous administration of a drug. It has been used for several years to
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administer methotrexate therapy and, more recently, it has been developed more
fully and applied to continuous infusion of fluorouracil or etoposide. It was based,
after determination of a target plasma concentration or area under the plasma drug
concentration-time curve (AUC), on modification of the drug dosage during the
cycle of chemotherapy or for the next cycle.

Finally, the third approach of adaptive dosage adjustment with feedback con-
trol, based on population pharmacokinetics, with limited sampling strategy, may
allow a feedback revision of the dosage following measurement of plasma drug
concentration and comparison with the population previously studied. This ap-
proach is a theoretical strategy which has not, until now, been used prospectively
in clinical oncology.

For drugs such as anticancer agents with a very narrow therapeutic index,
every effort should be made to minimise interpatient variability in drug exposure
in order to maximise the benefit while keeping the risk of serious adverse effects
at an acceptable level. This is particularly important when treatment is being given
with curative intent.

The need for dose individualisation of drugs with
a narrow therapeutic index is now well accepted.
For drugs that do not produce toxicity at dosages
or plasma concentrations close to those required
for therapeutic effects, there is little interest in or
need for dose optimisation or individualisation. In
these circumstances, patients are treated with dos-
ages high enough to ensure that therapeutic con-
centrations are achieved. In contrast, some drugs,
such as antineoplastic chemotherapeutic agents,
which frequently produce toxicity at dosages close
to those required for a therapeutic effect, provide
considerable scope for dose optimisation in indi-
vidual patients.

When considering candidate drugs for pharmaco-
kinetically guided dose adaptation in clinical on-
cology, 2 major criteria must be identified.[1] First,
a relationship must be established between plasma
drug concentration and response: the response
must be optimal in the majority of patients when
plasma drug concentrations are maintained within
a therapeutic range. Secondly, large interpatient
variability in distribution and/or elimination of the
drug is observed as a result of genetic and/or patho-
physiological conditions. There may also be large
differences in the sensitivity of patients to a given
plasma drug concentration.

Finally, another criterion may be added concern-
ing the technical feasibility of dose adaptation.

The obvious goal of considering dose adapta-
tion for individual patients is to maximise the
probability of producing a desired therapeutic ef-
fect while minimising the probability of a toxic
event. With anticancer drugs, this goal is often
modified to seek the maximum probability of pro-
ducing a desired therapeutic effect while producing
acceptable toxicity.[2] So, dose adaptation in clini-
cal oncology requires us to define relationships
between the pharmacokinetics of the drug and its
pharmacodynamic effects, i.e. antitumour activity
and/or toxicity.

1. Rationale for Pharmacokinetically
Guided Dose Adaptation

Because the pharmacokinetics of any one drug
are known to be quite variable from one patient to
another, both toxic and therapeutic responses to
drug administration are frequently better correlated
with plasma drug concentrations or the exposure of
the patient to the drug [e.g. area under the plasma
drug concentration-time curve (AUC)] than with
the administered dose.[3]

On the basis of these criteria, anticancer drugs
are clear candidates for pharmacokinetically guided
dosage regimens, but specific problems arise.

By contrast with other drugs, pharmacodynamic
effects are delayed in clinical oncology: the main
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toxicities (neutropenia, mucositis) are observed 1
or 2 weeks after completion of treatment and tu-
mour response or cumulative toxicities may be seen
after multiple courses of therapy.

The other important point for anticancer drugs
concerns the relevance of pharmacokinetic/pharma-
codynamic relationships. The relevance of the re-
lationships between pharmacokinetics and toxicity
and between pharmacokinetics and activity should
be viewed in the context of the use of the drugs:[2]

for palliative treatment, manageable and predict-
able toxicity is a primary requirement. Therefore,
pharmacokinetic/pharmacodynamic relationships are
valuable if they can be exploited in order to achieve
this. In contrast, if curative therapy is being at-
tempted, more severe toxicity may be accepted,
provided that the drug is being used to optimal ther-
apeutic effect, and to achieve this, pharmacokinetic/
activity relationships may be useful.

For anticancer drugs, the relevant pharmaco-
kinetic parameters for use in pharmacokinetic/
pharmacodynamic relationships are generally AUC
or plasma drug concentration at steady state (Css).
Other parameters are peak plasma drug concentra-
tion (Cmax), duration of concentration above a
threshold or AUC intensity.

Pharmacodynamics is here described by either
discontinuous parameters (response, no response)

or continuous parameters such as time to progres-
sion or survival. For toxicity, 2 types of parameters
may also be considered: quantitative parameters
such as percentage reduction in leucocyte, granu-
locyte or platelet counts, or semi-quantitative pa-
rameters defined by World Health Organization
(WHO) grading.[4]

Mathematical models [e.g. modified Hill (i.e.
the coefficient defining the steepneses of the
concentration-effect curve) linear, exponential]
have been used to describe pharmacodynamic ef-
fects and to relate them to pharmacokinetics.[5]

2. Pharmacokinetic-Pharmacodynamic
Relationships in Clinical Oncology

Relationships between the pharmacokinetics and
pharmacodynamics of anticancer drugs have been
extensively reviewed.[5-9] Table I illustrates rela-
tionships between pharmacokinetics and clinical
outcome. Encouraging examples of relationships
between AUC and response have mainly been re-
ported in paediatric oncology[16-22] and different
strategies of pharmacokinetically guided proto-
cols have been proposed by the Saint-Jude Hospi-
tal team in Memphis, Tennessee in the US.[22-30]

Moreover, examples of relationships between clin-
ical outcome and pharmacokinetics have also been
described in adults treated for solid tumours.[10-15]

Table I.  Pharmacokinetic/response relationships for drugs in clinical oncology

Drug Tumour type Pharmacokinetic parameter Reference

Carboplatin Teratoma AUC 10

Carboplatin Ovarian AUC 11

Cyclophosphamide Breast AUC 12

Cytarabine Relapsed leukaemia Blast Ara CTP 13

Etoposide Lung Css 14

Fluorouracil Head/neck AUC 15

Mercaptopurine ALL RBC AUC 16

ALL RBC AUC 17

Methotrexate ALL Css 18

ALL AUC 19

ALL Blast MTX PG 19

Osteosarcoma Cmax 20

Teniposide Paediatric solid tumour AUC 21

ALL  = acute lymphocytic leukaemia; AUC = area under the plasma drug concentration-time curve; Blast Ara CTP  = concentrations of
aracytine triphosphate in blast cells; Blast MTX PG  = concentrations of methotrexate polyglutamates in blast cells; Cmax = peak plasma drug
concentration; Css = plasma drug concentration at steady-state; RBC AUC  = AUC of drug in red blood cells.
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Very many examples have been reported of
the pharmacokinetic/toxicity relationships for es-
tablished agents used in cancer chemotherapy. They
principally concern relationships between haema-
tological toxicity and pharmacokinetic parame-
ters,[31-64] but relationships between discontinuous
parameters and pharmacokinetics have also been
reported (table II).[12,65-70]

3. Methods of Drug Dosage
Adjustment in Clinical Oncology

3.1 Conventional Method

Traditionally, anticancer drugs have been stand-
ardised to body surface area (BSA) or bodyweight. [71,72]

This practice is based on the relationship that exists
between body size (e.g. total bodyweight and BSA)
and physiological functions (e.g. cardiac output,
liver or renal blood flow and glomerular filtration
rate (GFR).[73,74] The BSA is particularly useful for
scaling between species or between infants and
adults. The goal of dose standardisation is to pro-

duce consistent systemic drug exposure. The nomo-
gram most commonly used in clinical practice to
estimate BSA was derived in 1916 by DuBois and
DuBois[75] from only 9 non-obese individuals of
varying age, shape and size. This formula remains
the most appropriate method of estimating BSA. It
was challenged in 1970 by Gehan and George[76]

who directly measured the skin-surface area of 401
individuals and confirmed the validity of the no-
mogram. The usefulness of normalising anticancer
drug dose to BSA in adults has been ques-
tioned[71,77-80] and recently, Dobbs and Twelves[81]

and Gurney et al.[82] questioned the use of BSA for
epirubicin dose calculation. A retrospective analy-
sis of more than 300 patients and 9 anticancer
agents showed that normalisation of doses to BSA
was of minimal clinical value in achieving consis-
tent drug exposure. Since the letter by Grochow,[77]

the number of drugs for which clearance has been
poorly correlated with BSA (or not correlated at
all) has grown (see table II in Gurney[83]). Despite
this clear demonstration, the practice of dosage ad-

Table II.  Pharmacokinetic/toxicity relationships for drugs in clinical oncology

Drug Toxicity Pharmacokinetic parameter Reference

Busulfan Hepatotoxicity AUC 65

Carboplatin Thrombocytopenia AUC 31

Myelosuppression AUC 33,34,38,51,63,64

Cisplatin Nephrotoxicity Cmax 66

Neurotoxicity Cmax 67

Cyclophosphamide Cardiotoxicity AUC 12

Docetaxel Myelosuppression AUC 58

Doxorubicin Myelosuppression AUC 47

Epirubicin Myelosuppression AUC 40

Etoposide Myelosuppression AUC,Css 36,37,41,44-46,49,55,60-62

Fluorouracil Mucositis AUC 68

Myelosuppression AUC 50

Irinotecan Myelosuppression AUC 56,57

Diarrhoea Biliary index 69

Melphalan Myelosuppression AUC 35,43

Paclitaxel Myelosuppression AUC 48,52,53

Teniposide Myelosuppression AUC 42

Thiotepa Myelosuppression AUC 39

Topotecan Myelosuppression AUC 54

Vinblastine Myelosuppression Css 32

Vincristine Neurotoxicity AUC 70

AUC = area under the plasma drug concentration-time curve; Cmax = peak plasma drug concentration; Css = plasma drug concentration at
steady-state.
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justment to BSA is so widespread that it may be
difficult to change it to a more rational approach.
It is necessary to consider that heavy and tall peo-
ple, with a large BSA, do not necessarily have a
larger liver or kidneys.

In practice, most agents were used in a mg/m2

or mg/kg dose recommended for phase II trials.
This recommended dose is based on the results of
phase I clinical trials and its recommendation may
involve no pharmacokinetic consideration at all.
Dose reductions or delays are implemented in the
face of unacceptable toxicity, but doses are seldom
escalated in the absence of toxicity. As a result of
the poor therapeutic indexes of anticancer drugs,
this means that patients not showing signs of tox-
icity are receiving too small a dose.

3.2 A Priori Dosage Determination
Based on Patient Characteristics

Dose adaptation attempts to take into account
the pretreatment patient characteristics known to
affect the pharmacokinetics or pharmacodynamics
of a drug. As with other agents, hepatic and renal
function must be explored before administration of

anticancer drugs. While renal dysfunction is easily
evaluated by measuring serum creatinine, calculat-
ing creatinine clearance (CLCR) or determining
GFR by the isotopic method,[84] the impact of
hepatic dysfunction on drug elimination or meta-
bolism is more difficult to determine. The major
problem is that hepatic enzymes and/or serum bili-
rubin levels are not good indicators of metaboli-
sing activity.[85,86] Moreover, alternating hepatic
function tests, such as indocyanine green (a marker
of hepatic blood flow), phenazone (antipyrine) [a
substrate marker for cytochrome P450 (CYP) ac-
tivity] or lorazepam (a substrate marker of hepatic
glucuronidation) have limited value in predicting
the pharmacokinetics of chemotherapeutic drugs.

Different guidelines should be proposed accord-
ing to the pharmacokinetic characteristics of the
drug (table III).

3.2.1 Dose Adaptation According to
Renal or Liver Function

Carboplatin
Carboplatin is mainly eliminated by the kidneys,

as indicated by the fact that about 65% of the ad-
ministered dose is recovered in the urine, mostly

Table III.  Practical methods of drug adjustment in clinical oncology

Drug Method of dose adjustment Criteria Objectives

Anthracyclines A priori Liver function (bilirubin) Risk of major toxicity

Carboplatin A priori Renal function: GFR Target AUC with maximum likelihood of
efficacy and minimum likelihood of toxicity

Docetaxel A priori BSA

A priori Liver function (enzymes) Risk of major neutropenia

Etoposide A priori Renal function and/or hypoalbuminaemia Limit major toxicity

During continuous infusion Css Obtain maximum likelihood of efficacy
and minimum likelihood of toxicity

Fluorouracil A priori DPD deficiency Avoid life-threatening toxicity

During continuous infusion AUC at mid-cycle Obtain maximum likelihood of efficacy
and minimum likelihood of toxicity

During repeated
administration

Css Obtain maximum likelihood of efficacy
and minimum likelihood of toxicity

Mercaptopurine A priori TPMT deficiency Avoid life-threatening toxicity

During repeated
administration

Erythrocyte thioguanine nucleotides Control treatment compliance

Methotrexate Adaptive rescue Cmin 24h and 48h after infusion Avoid life-threatening toxicity or minimise
likelihood of toxicity

AUC = area under the plasma drug concentration-time curve; BSA  = body surface area; Cmin  = trough plasma drug concentration; Css =
plasma drug concentration at steady-state; DPD = dihydropyrimidine dehydrogenase; TPMT = thiopurine methyltransferase.
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as unchanged carboplatin, 24 hours after adminis-
tration. As demonstrated by Egorin et al.[31] and
Calvert et al,[87] the renal clearance of carboplatin
is related directly to the GFR, but poorly to the
BSA. The nonrenal clearance consisting of protein
and tissue binding represents one-quarter of the to-
tal body clearance when renal function is normal.
The total body clearance of carboplatin is highly
variable from one individual to another (range be-
tween 20 and 200 ml/min.)[88]

Moreover, the carboplatin AUC to which a pa-
tient is exposed correlates with carboplatin-induced
thrombocytopenia, both when the drug is given as
a single agent and when it is given in combination
with cyclophosphamide, etoposide or paclitaxel.
Differences were observed between patients pre-
viously treated with chemotherapy and those who
were not.[31] A correlation between duration of
leucocyte nadir and carboplatin AUC has also been
demonstrated in high dose regimens[89-91] and in
combination therapy with either etoposide, fluoro-
uracil or paclitaxel, or with both vinblastine and
methotrexate.[33,34,38,51,63,64] In different studies,
authors have not been able to demonstrate relation-
ships between carboplatin dose and the degree of
thrombocytopenia, although a good correlation
with carboplatin AUC was described.[33,38,51] All
these data suggest that the AUC in the individual
patient is the most important factor in predicting
the degree of thrombocytopenia and leucopenia
with carboplatin.

AUC is indeed an important determinant of the
therapeutic effect of carboplatin. Horwich et al.[10]

studied 78 patients with germ cell tumours of the
testis. These patients were treated with a combina-
tion of carboplatin, bleomycin and etoposide. The
AUC for all patients was estimated retrospectively.
Relapses occurred in 5 of 8 patients who had an
AUC of <4 mg/ml • min. No relapses occurred in
patients whose AUCs were >4 mg/ml • min.

The retrospective calculation of AUC has also
been used to study its effect on myelosuppression
and response rate in ovarian cancer. Jodrell et al.[11]

studied a database of 1028 patients with ovarian
cancer treated in phase II studies with carboplatin.

In these patients, GFR was either retrospectively
estimated by the Cockcroft-Gault equation or
prospectively determined by 51Cr-ethylene dia-
mine tetraacetic acid (51Cr-EDTA) clearance. AUC
was then estimated from the total dose of carbo-
platin given. This study demonstrated that, for both
untreated and previously treated patients, the re-
sponse rate increased as the AUC increased up to 5
mg/ml • min. A further increase in the AUC beyond
this point resulted in little further increase in the
response rate, suggesting that there was a plateau
in the AUC-response effect. However, further stud-
ies did not confirm the existence of this plateau: in
a prospective randomised trial in ovarian cancer,
the administration of chemotherapy to achieve an
AUC of 12 mg/ml • min every 4 weeks (for 4 cy-
cles) was associated with a complete response rate
of 58%, whereas an AUC of 6 mg/ml • min every 4
weeks for 6 courses produced a response rate of
only 32%.[92-94]

Different approaches to the determination of
carboplatin dosage include the following.

Thrombocyte nadir directed dosage: During phase
I clinical trials, Egorin et al.[31] developed an ap-
proach to individualising carboplatin dosage. They
demonstrated first that the clearance of carboplatin
was related to the GFR determined by CLCR, and
secondly that the degree of thrombocytopenia was
related to the carboplatin AUC. They derived from
these observations a formula by which the dose of
carboplatin could be calculated on the basis of the
measured pretreatment CLCR, the patient’s BSA
and the desired thrombocyte nadir. A separate for-
mula was derived for patients previously exposed
to myelosuppressive therapy.

In non-pretreated patients,

Dosage (mg/m2) = (0.091) 
CLCR

BSA
 




PPC − PND
PPC

 × 100



 + 86 (Eq. 1)

where BSA = body surface area, CLCR = mea-
sured creatinine clearance, PND = platelet nadir
desired and PPC = pretreatment platelet count.

In pretreated patients,

Dosage (mg/m2) = (0.091) 
CLCR

BSA
 ⋅ 









PPC − PND
PPC

 × 100



 − 17




 + 86

(Eq. 2)
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This formula was prospectively validated in a
study which confirmed that the observed throm-
bocyte nadirs correlated closely with the desired
values.[95]

This formula allows the clinician to calculate
the dose on the basis of a clinical end-point: throm-
bocytopenia. However, in some combination re-
gimens, thrombocytopenia may not be the pharma-
codynamic end-point that is of interest, since
neutropenia may have become the dose-limiting
toxicity.

AUC-directed dosage: Calvert et al.[87] have de-
veloped a formula to allow a dose of carboplatin to
be calculated in order to achieve a targeted AUC:

Dose (mg carboplatin) = AUC(mg/ml ⋅ min) x (GFR + 25)(ml/min)
(Eq. 3)

The formula has been validated in a prospective
study.[87] In these studies, GFR was determined
by isotopic measurement of 51Cr-EDTA clearance.
The feasibility of obtaining rapid and reliable esti-
mates of GFR is indeed a problem, particularly
when isotopic determination is not in current clin-
ical use.

In clinical practice, estimation of GFR might
be done from plasma creatinine levels using the
Cockcroft-Gault or Jeliffe equations. Both formu-
las correlate with the 51Cr-EDTA method, but both
are biased: they underpredict the GFR for high
carboplatin clearances and overpredict it for low
CLCR. These biases result in patients being ex-
posed to a lower AUC than expected when their
GFR exceeds 60 ml/min, or to a higher AUC when
their GFR is below that figure. The degree of un-
derprediction increases as the GFR increases.[88,96]

Another possibility for estimating GFR consists
of 24-hour urinary creatinine. This biochemical
determination results in some discrepancies due to
the difficulty of obtaining the 24-hour urinary col-
lection accurately.

Finally, the approach of using population phar-
macokinetics of carboplatin has been attempted,
investigating the relationship between carboplatin
clearance and a number of factors including the
plasma creatinine level. Age, weight, sex and se-
rum creatinine level were significant independent

variables in determining carboplatin clearance and
the so-called Chatelut formula permitted carbo-
platin clearance to be calculated directly:[88]

CLcarbo(ml/min) = 0.134 ⋅ BW +

   
218 ⋅ BW ⋅ (1 − 0.00457  ⋅ age) ⋅ [1 − (0.314 ⋅ gender)]

serum creatinine (µmol/L)
(Eq. 4)

where CLcarbo = carboplatin clearance and BW
= bodyweight and gender = 0 if male and 1 if fe-
male.

This formula showed a little bias and a pre-
cision similar to that of the 51Cr-EDTA method.
This approach has been validated prospectively.[97]

However, it seems that a priori estimation of car-
boplatin clearance is highly dependent on the bio-
chemical method for determination of serum cre-
atinine level.[98,99]

Target AUC of carboplatin in monotherapy and
in combined regimens: Target AUC must be de-
fined as a function of the combination of drugs
used. When carboplatin was used as a single agent,
an AUC of 7 mg/ml • min could be targeted when
the patient has never received any chemotherapy.
In combination with etoposide, cyclophosphamide
or vinorelbine, this AUC must be reduced to 5. Be-
cause of a pharmacodynamic interaction between
paclitaxel and carboplatin (decrease of carboplatin-
induced thrombocytopenia), an AUC of 7 mg/ml •

min for carboplatin could be reached.[96,100,101] Fi-
nally, when the patient has been previously treated,
AUCs of 5 and 4 mg/ml • min were recommended
in monochemotherapy and in combination, respec-
tively.[102] The use of these different approaches
for dose determination was not valid for low AUC
values (<2 mg/ml • min) which were targeted when
carboplatin was combined with radiotherapy.[103]

Etoposide
Etoposide, a semi-synthetic epipodophyllotoxin,

is one of the more commonly used anticancer
drugs. The toxicity of this drug has been shown to
be regimen-dependent. Its pharmacokinetics have
been intensively studied in a wide variety of patient
groups given different regimens alone or in com-
bination with other chemotherapeutic agents.[62,104]

Dose Adaptation in Clinical Oncology 1025

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



The pharmacokinetics of etoposide are linear over
a large range of doses. The drug is extensively
bound to plasma protein and elimination is by both
renal and biliary pathways, mainly as unchanged
etoposide. Relationships have been established be-
tween total or free etoposide AUC and neutropenia,
which represents the dose-limiting toxicity in mono-
chemotherapy or in combination.[44,45,105,106] Some
considerations have been published concerning the
dose individualisation of etoposide based on pa-
tient characteristics:
(1) It is clear that patients with impaired renal func-
tion as measured by serum creatinine levels greater
than the normal range experienced significantly
worse haematological toxicity than patients with
normal renal function.[107] A dose reduction of
approximately one-third would correct this in-
crease in AUC and result in a drug exposure similar
to that in patients with normal renal function.[84]

This figure was based on a cut-off of serum creat-
inine (i.e. 130 µmol/L). Moreover, a population
pharmacokinetic study performed in 100 patients
proposed a formula to determine the decrease in
renal clearance as a function of serum creatinine
levels. This population approach proposed a rela-
tionship between serum creatinine levels and etop-
oside clearance. Consequently, a more rational ad-
aptation of etoposide dosage was proposed in the
case of renal dysfunction.[108]

(2) In the case of liver impairment, different types
of patients must to be considered: the role of the
liver in etoposide clearance may actually be as im-
portant as renal clearance, with the recent obser-
vation that approximately 50% of an intravenous
dose of 14C-labelled etoposide was recovered in the
faeces of cancer patients.[109] Moreover, it is impor-
tant to take into account the impact of liver dys-
function on serum albumin levels. In patients with
hyperbilirubinaemia, Stewart et al.[110-112] have
reported that serum bilirubin influences protein
binding, probably by displacing etoposide: free
etoposide is increased in patients with raised bili-
rubin or liver enzymes due to decreased hepatic
clearance, and in patients with decreased serum al-
bumin due to reduced binding. Dose reduction in

these patients by at least 30% is essential to avoid
increased toxicity.[113]

Taxanes
Paclitaxel is a diterpenoid taxane derivative. Its

dose-limiting toxicity is neutropenia.[52,53,114,115] It
displays nonlinear pharmacokinetics, especially at
shorter infusion times and at high doses.[116]

Hepatic metabolism and biliary excretion are the
most important elimination routes of this drug and
its metabolites. In humans, the total faecal excre-
tion is approximately 70% of the paclitaxel dose,
with 6α-hydroxy-paclitaxel being the major com-
ponent in most patients.[53,117] Thus, it can be ex-
pected that the pharmacokinetics and pharmacody-
namics of paclitaxel differ in patients with altered
hepatic function. Some fragmentary reports have
demonstrated that paclitaxel can be safely given at
normal doses to patients with mild liver dysfunc-
tion (normal bilirubin and transaminases less than
10 times normal values). In patients with abnormal
bilirubin levels, no guideline has been proposed in
the literature.[118-120]

Docetaxel is another new semisynthetic taxoid
with a high activity in different solid tumours. Its
limiting toxicities consist of neutropenia, periph-
eral neurotoxicity and oedema.[121] Docetaxel ex-
hibits linear pharmacokinetics characterised by a
3-compartmental model. It is mainly eliminated by
metabolism and biliary excretion and the propor-
tion of the dose excreted in urine is only 10%.
Therefore, the pharmacokinetics of this drug are
not affected by renal impairment. Moreover, in phase
I and II clinical trials, a good correlation was found
between docetaxel AUC and neutropenia.[58,122] Pop-
ulation pharmacokinetic/pharmacodynamic studies
of single agent docetaxel were prospectively per-
formed in 547 patients entered in several phase II
clinical trials. They demonstrated that docetaxel
clearance was highly correlated with BSA, justify-
ing a dosage for that drug calculated in mg/m2.
Moreover, the population studies have identified 5
covariables (age >70 years, hypoalbuminaemia,
elevation of α1-acid glycoprotein, low α1-acid
glycoprotein levels and elevated levels of the
liver enzymes ALT and AST which are predictive
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for a reduced clearance. As a correlation was found
between docetaxel clearance and the risk of severe
neutropenia, these parameters allow us to identify
patients with high risk of severe neutropenia and
consequently a rational dosage reduction has been
proposed.[59]

Anthracyclines
The anthracycline antibiotics, daunorubicin,

doxorubicin, epirubicin and idarubicin are rapidly
and extensively metabolised following systemic
administration. The primary metabolites include
daunorubicinol, doxorubicinol, epirubicinol and ida-
rubicinol and various glucuroconjugated or aglycone
metabolites.[123-125] The urinary excretion of these
compounds and their metabolites, measured for 4 or
5 days following drug administration, accounted
for less than 20% of the dose. Consequently, there
is no pharmacokinetic basis for the dosage adjust-
ment of the anthracycline antibiotics in the pres-
ence of impaired renal function.[84]

In the case of impaired hepatic function, Reich[126]

proposed guidelines for doxorubicin dosage reduc-
tion as a function of serum bilirubin level and se-
rum liver enzyme level: when bilirubin levels ex-
ceeded 12, 30 or 50 mg/L, respectively, it was
recommended to reduce the doxorubicin dose by
50 or 75% or to stop altogether.

A recent article by Twelves et al.[127] disagreed
with these guidelines: if a systematic relationship
exists between raised biochemistry liver tests and
reduced doxorubicin clearance, the authors rec-
ommend a dose reduction to 50% in patients with
a raised level of bilirubin and a dose reduction
to 75% in patients with both elevated aspartate
aminotransferase (AST) and bilirubin levels. Con-
cerning epirubicin, a study by Twelves et al.[128]

demonstrated a relationship between liver bio-
chemistry, in particular serum aspartate transami-
nase (AST) levels, and epirubicin pharmacokinet-
ics. Serum AST may be the best indicator rather
than bilirubin levels for dosage adjustment: when
the level is above the upper limit of normal with a
normal bilirubin level, a dose reduction of approx-
imately one-third would correct this decrease in
epirubicin clearance; when AST and bilirubin lev-

els are above the upper limit of normal, the epi-
rubicin dosage must be reduced by approximately
half.

Topotecan
Topotecan, an analogue of camptothecin, is an

inhibitor of DNA topoisomerase I. The urinary
recovery of topotecan ranges from 40 to 70%, sug-
gesting that renal excretion is the primary clear-
ance pathway.[129-131] A recent study was per-
formed in patients with normal and impaired
renal function. A significant correlation was ob-
served between systemic plasma clearance of
topotecan and CLCR. In patients with mild renal
dysfunction (CLCR ranging from 40 to 59 ml/min),
no dose adjustment is required. By contrast, in pa-
tients with moderate renal impairment (CLCR of
<40 ml/min), a dose reduction of one-half of the
dose is necessary.[132] In patients with hepatic dys-
function, the nature and severity of treatment-
induced toxic effects and the pharmacokinetics
of topotecan were similar to those observed in
patients with normal hepatic function. Cancer pa-
tients with hepatic injury can be treated with topo-
tecan without dose modification.[133]

Oxazophosphorines
Oxazophosphorines are alkylating agents that

need to be metabolised to active compounds.[134-138]

Since the enzymatic activation of cyclophospha-
mide and ifosfamide occur mainly in the liver, he-
patic dysfunction may, in theory, disturb the meta-
bolism of these drugs and consequently diminish
the cytotoxic efficacy of the drug.[139] However, as
a result of low renal clearance of cyclophospha-
mide and activated cyclophosphamide, more than
80% of the drug is metabolised even in patients
with hepatic dysfunction, and the exposure of pa-
tients to activated cyclophosphamide was unchanged
in these patients. While no specific studies have
been done with ifosfamide, it is reasonable to as-
sume that the metabolism of ifosfamide will be
similarly affected.

Dosage adjustment of ifosfamide in the pres-
ence of impaired renal function is indicated be-
cause of the increased risk of CNS toxicity and
significant renal excretion of alkylating activity fol-

Dose Adaptation in Clinical Oncology 1027

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



lowing ifosfamide administration. Dosage reduc-
tion was also recommended in patients with renal
failure receiving cyclophosphamide.[84]

Vinca Alkaloids
Vinca alkaloid derivatives (vincristine, vinblas-

tine, vindesine, vinorelbine) are not excreted sig-
nificantly in the urine.[140] No dosage adjustment
is necessary for vinca alkaloids in patients with re-
nal impairment. Different studies have shown the
impact of liver disorders on the pharmacokinetics
of vincristine. Reduced clearance was associated
with raised serum alkaline phosphatase, but no
guidelines for dosage adjustment have been pro-
posed. This decrease in clearance was associated
with the development of neurotoxicity.[70,141]

Vinorelbine is a vinca alkaloid extensively used
in metastatic breast cancer.[142] Its pharmacokinet-
ics have been studied in breast cancer patients with
liver metastases. Vinorelbine clearance was signif-
icantly reduced in patients with massive metastatic
liver involvement (>75% of liver volume replaced
by tumour) and high levels of bilirubin, transami-
nases and γ-glutamyl transferase. Moreover, its
clearance is significantly correlated with the mono-
ethylglycinexylidide test (r2 = 0.7; p < 0.0001)
which might be useful for individualisation of the
vinorelbine dosage. In any case, these patients with
large metastatic liver involvement should receive
reduced doses.[143]

Melphalan
Melphalan is an alkylating agent used in the

treatment of multiple myeloma.[144] Renal dysfunc-
tion during the course of the disease occurs in the
majority of patients. The drug is both secreted and
reabsorbed by the renal tubules. The mean urinary
excretion of unchanged melphalan ranges from 15
to 98%. Some studies have recommended a dose
reduction in patients with renal impairment, and a
positive correlation of melphalan clearance with
GFR has been reported;[145] however, in other stud-
ies, no such correlation was found.[146] A careful
follow-up of haematological toxicity and possibly
a dose reduction of melphalan are proposed for
myeloma patients with renal impairment.[145,146]

3.2.2 Dose Adaptation in the Elderly
The question whether age is a cause of modifi-

cation of pharmacokinetic parameters has received
no clear and general answer.[147] In fact, aging
cannot be considered as an independent feature,
and is characterised by a conjunction of physiolog-
ical alterations that may or may not occur together:
hypoalbuminaemia due to poor nutrition, reduction
of hepatic or renal blood flow, comedications,
etc.[148] Recently, age was identified as the patient
feature which had the greatest impact on fluoroura-
cil clearance compared with other covariables.[149]

Only relatively few specific studies[107,150-154] have
been performed concerning the pharmacokinetics
of anticancer drugs in elderly patients. It therefore
appears that dose adaptation as a function of indi-
vidual physiology is better than adaptation as a
function of chronological age.[155]

3.2.3 Dose Adaptation in the Obese Patient
As mentioned in section 3.1, anticancer doses

have been standardised to BSA. Selecting drug
doses can be a challenging decision for the clini-
cian when treating a patient with cancer who is
significantly overweight. If total bodyweight is
used to determine BSA, calculated doses can be as
much as 25 to 30% higher than if ideal bodyweight
is used, with the potential for severe toxicity. No
dosage guidelines have been established for obese
patients receiving cancer chemotherapy.[156] How-
ever, a limitation of calculated BSA at a level of
2.2m2 is usually recommended. The physiologi-
cal changes that occur in obese individuals and
their effects on drug disposition have been re-
viewed.[79,157] They include increases in blood vol-
ume, cardiac output, lean body mass, organ size
and adipose tissue mass. A few studies[158-160] have
reported the influence of body fatness on the phar-
macokinetics of antineoplastic drugs. These stud-
ies collectively suggest that differences exist in the
pharmacokinetics of anticancer agents between pa-
tients with normal bodyweight and obese patients
but these differences may be difficult to identify
and characterise adequately, given that 5- to 10-
fold ranges in anticancer drug clearance are com-
monly reported in the absence of obesity. Finally,
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obesity must be taken into account when predicting
the clearance of drugs such as carboplatin. Benezet
et al.[161] demonstrated that actual bodyweight must
be balanced by ideal bodyweight to estimate clear-
ance using the Chatelut formula.

3.2.4 Pharmacogenetics
Recent developments in the field of pharmaco-

genetics should also be noted in the context of dose
adaptation. Some drugs require metabolism to be
activated or inactivated. Some enzymes involved
in the biotransformation have polymorphic expres-
sion. Therefore, assessing enzyme activity (i.e. phe-
notype) or gene mutations (i.e. genotype) could help
to predict optimal dose regimens.

Fluorouracil is catabolised into dihydrofluoro-
uracil (5FUH2) by dihydropyrimidine dehydroge-
nase (DPD). Patients who are genetically deficient
in this enzyme are at particular risk of life-threat-
ening toxicity.[162] The gene for DPD has recently
been localised to chromosome 1p22, and at least
one mutation has been identified.[163-165] For all
other patients who are not genetically deficient,
there seems to be no case for adjusting doses on the
basis of the variations in the normal levels of this
enzyme.[166-168]

Mercaptopurine is used in conjunction with
methotrexate as maintenance therapy in childhood
acute lymphocytic leukaemia. The influence of phar-
macogenetics and variability in metabolism of the
pharmacology of mercaptopurine is now well doc-
umented.[169] This drug is inactivated by S-methyl-
ation, a reaction catalysed by the enzyme thiopur-
ine methyltransferase (TPMT). A polymorphic
variation in the activity of this enzyme has been
described and 3 populations can be defined.[16,169-174]

Deficiency in TPMT, owing to homozygosity for
low TPMT, is quite rare (1 in 300), but can lead to
pronounced toxicity. TPMT activity varies widely
in the subpopulation who have intermediate TPMT
activity and can be related inversely to formation
of the active 6-thioguanine nucleotide (6-TGN)
metabolites and therapeutic response. Finally, homo-
zygotes for high TPMT activity may be resistant to
mercaptopurine therapy and can tolerate high doses
of the drug, without experiencing myelosuppres-

sion. Individualisation of mercaptopurine dose,
based on TPMT activity, is a good example of the
use of a patient characteristic to optimise drug ad-
ministration.

Many anticancer drugs are extensively metabo-
lised by CYP enzymes, specially the isoenzymes
CYP3A4 and CYP2C8: cyclophosphamide, ifosfa-
mide,[35] taxol,[175] docetaxel,[176] irinotecan,[177] epi-
podophyllotoxins[178] and vinca alkaloids.[140] Even
though there is no evidence of polymorphism in
these enzymes, large variability has been observed
in humans. Moreover, significant clinical interac-
tions have been described due to inhibitors or acti-
vators of these enzymes in clinical oncology.[179]

For example, the concomitant use of anticonvul-
sant drugs with paclitaxel led to an increase of the
maximum tolerated use of paclitaxel because of a
modification in the metabolism profile.[180]

The UDP glycosyltransferases (UGTs) represent
a superfamily of enzymes that catalyse addition of
the glycosyl group from a nucleotide sugar to a
hydrophobic molecule.[181] This is the case for ir-
inotecan, an anticancer agent used in the treatment
of colon cancer, which is activated by a carboxyl-
esterase to form the active metabolite SN-38, a po-
tent inhibitor of topoisomerase. SN-38 is further
conjugated by UGT.[182] Recently, Iyer et al.[183]

revealed that the UGT 1A1 isoform is responsible
for the glucuronidation of SN-38. This same iso-
form conjugates bilirubin or several endogenous
substrates. Moreover, when hepatic microsomes
from patients who have Criggler-Najjar type I syn-
drome were incubated with SN-38, a very impor-
tant deficit in glucuronidation was observed, sug-
gesting a genetic predisposition to the metabolism
of irinotecan and an increased risk of irinotecan
toxicity. This was confirmed by the study by
Wasserman et al.[184] which showed that patients
with Gilbert syndrome treated with irinotecan ex-
perienced a severe toxicity. These authors suggest
that unconjugated serum bilirubin could be a pre-
dictive parameter for irinotecan toxicity. Other
authors[185] supported the idea that individualisa-
tion of irinotecan dose by gene diagnosis would be
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better than phenotyping of UGT 1A1 by determi-
nation of bilirubin.

3.3 Dose Adaptation During Repeated
or Continuous Administration

Protracted infusion offers a very simple method
of dose adaptation. The time to reach Css depends
on the drug under consideration. For drugs with
1-compartment pharmacokinetics, 90% of the Css

is reached within 3.3 half-lives. When a stable
plasma concentration is reached and determined, it
is possible to modify the infusion rate for the re-
mainder of the course of treatment if a relationship
has been established between this Css and a phar-
macodynamic end-point. This methodology has
been used for continuous intravenous infusions of
fluorouracil and etoposide. However, it is also ap-
plicable to repeated oral administration of drugs
such as etoposide or to repeated weekly intrave-
nous administration of fluorouracil or cisplatin.

Another possibility for dose adaptation consists
of administering a low test dose of an anticancer
drug to determine exactly the pharmacokinetic pa-
rameter for the individual patient, and then modi-
fying the dose to obtain a target AUC. Such a
method has been used for methotrexate[186] and mel-
phalan.[43]

3.3.1 Fluorouracil
Fluorouracil is one of the oldest drugs used in

cancer chemotherapy. Despite its extensive use in
the treatment of breast cancer and gastrointestinal
tumours, its pharmacokinetics remain complex be-
cause of the existence of both dose and time de-
pendence. A relationship was demonstrated be-
tween toxicity and the exposure of patients to the
drug when it was administered by continuous in-
fusion for 3 to 5 days in association with cisplatin
in patients with head and neck cancer.[68] Thyss et
al.[187] have shown that the AUC obtained at mid-
cycle predicts the incidence of fluorouracil-induced
stomatitis. Consequently, nomograms have been de-
veloped to adjust the dose of fluorouracil based on
its plasma concentrations. Adaptation of the dose
at mid-cycle resulted in a decrease in the incidence
of stomatitis from 20 to 12%. In addition, a better

response was observed in patients with dosage ad-
justments even though no upward adjustment was
made. A subsequent study showed that response
rate and patient survival are highly correlated with
fluorouracil AUC but not with the dose.[15] In
another study, patients with metastatic colon can-
cer were treated with fluorouracil by continuous
infusion with or without semustine and responses
to chemotherapy were found to be related to the
extent of systemic exposure.[188] Finally, in a ran-
domised prospective study which compared con-
ventional dosage versus pharmacokinetically guided
dosage, Fety et al.[50] demonstrated that patients
with advanced head and neck cancer treated with a
combination of fluorouracil plus cisplatin by con-
tinuous infusion benefit from individual pharma-
cokinetic monitoring.

This approach could not be used in patients who
received the drug by intravenous bolus because of
the nonlinearity of the pharmacokinetics. However,
a dosage-adjustment strategy has been established
by Gamelin et al.[189] for treating patients with meta-
static colorectal cancer with intravenous bolus doses
of fluorouracil. In a prospective phase II study, they
showed that a weekly 8-hour intravenous infusion
of high dose fluorouracil (1.3 g/m2) with folinic
acid produced the best response rates with accept-
able toxicity when plasma concentrations were be-
tween 2 and 3 mg/L. The acute toxicity, whatever
the type, was correlated with plasma fluorouracil
concentrations higher than 3 mg/L and not with
the dose. This dosage adjustment led to an increase
in dose intensity of flurouracil in metastatic colo-
rectal cancer.

In a multicentre phase II prospective trial, the
same author confirms that individual dose adjust-
ment with pharmacokinetic monitoring (dose
ranging from 950 to 3400 mg/m2/week) provided
high survival and response rates with good toler-
ability.[190]

3.3.2 Etoposide
The phase-specific nature of etoposide cyto-

toxicity is now well documented and its regimen-
dependence in the clinical setting has been clearly
demonstrated.[191,192] Pharmacokinetic studies per-
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formed during these clinical trials also suggested
that plasma etoposide concentrations associated with
haematological toxicities (2 to 3 mg/L) were higher
than those associated with antitumour activity (1 to
2 mg/L). Despite the limited stability of etoposide
in aqueous solution, several groups have investi-
gated the use of continuous infusion of etoposide.
Stewart et al.[41] demonstrated that the dose-limit-
ing toxicity of etoposide (neutropenia) is highly
correlated with the degree of systemic exposure of
unbound drug. Hence, they described the use of
adaptive control to optimise dosage in individual
patients by targeting specific white blood cell counts
using the patients’ own plasma etoposide concen-
tration 24 hours in a 72-hour infusion.[106,193]

Hence, etoposide dosage regimens were optimised
on the basis of plasma etoposide concentrations
measured after 24 hours of a 72-hour infusion and
the correlation between plasma etoposide concen-
trations and neutropenia. Using this approach, pa-
tients with individualised dosage received, on
average, 32% more drug but with no more toxicity
than patients with standard dosage.

Recently, Joel et al.[61] have developed another
strategy based on a target Css of etoposide after a
loading dose administered prior to a 5-day contin-
uous infusion. Haematological toxicity was higher
in patients with a Css reaching 3 mg/L than in pa-
tients with a figure of 2 mg/L. Equally important
was the demonstration that tumour response was
similar in the 2 cohorts of patients with small-cell
lung cancer. Moreover, the target Css was reached
with a very low confidence limit. Such differences
between toxicity and tumour response as a function
of plasma concentrations have been reported by
Kunitoh et al.[194] and Minami et al.[49] when they
used a 14-day infusion of etoposide. Therapeutic
monitoring of infused etoposide is feasible and
helps to overcome problems associated with phar-
macokinetic variability. The difference between
the doses required for obtaining maximum anti-
tumour response and toxicity suggest that these 2
pharmacodynamic effects may be associated with
the maintenance of target plasma concentrations.

Another alternative for continuous exposure to
etoposide was the use of the oral formulation.[45,55]

However, the inter- and intrapatient variability in
bioavailability with oral etoposide is likely to con-
tribute to the unpredictable toxicity seen in some
patients.[195] This makes the estimating of total
systemic exposure over a course of treatment, or
dose optimisation in individual patients based on
AUC or a specific plasma concentration, difficult
to achieve.[196,197]

3.3.3 Methotrexate
Methotrexate is an antifolate that has been used

for many years in the treatment of solid tumours
and childhood leukaemia. Plasma drug concentra-
tions have been shown to be the best predictor for
methotrexate toxicity. Consequently, the monitor-
ing of methotrexate concentrations in plasma is
now routinely performed to predict which patients
will require folinic acid rescue and to adapt the
dose of this antidote.[198-200] The use of very high
doses of methotrexate in children with osteosar-
coma has stimulated the development of a test dose
for determining the dosage necessary to reach a
plasma concentration of 10–5 mol/L for a 36-hour
infusion or of 10–3 mol/L for an 8-hour infu-
sion.[186,201]

Patients with acute lymphoblastic leukaemia who
had a Css of less than 16 × 10–3 mol/L were at higher
risk of relapse but this appeared to be most relevant
in patients with poor prognoses,[18] and other au-
thors have reported an association between plasma
pharmacokinetics and event-free survival.[202,203]

More recently, cellular levels of methotrexate and
its polyglutamated derivatives have been measured
and related to clinical effect. Polyglutamated intra-
cellular metabolites of methotrexate are more ac-
tive inhibitors of the target enzyme dihydrofolate
reductase than the parent compound. Large inter-
and intra-patient variation in the concentrations of
these polyglutamates has been reported, but there
is some indication that this relates to tumour re-
sponse in patients with leukaemia.[19,204,205]

3.3.4 Melphalan
The pharmacokinetics of this alkylating agent

have been studied in depth. The use of a test dose,
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with or without a Bayesian estimate of pharmaco-
kinetic parameters, permitted the individualisation
of dosages for subsequent courses of therapy. More-
over, a correlation was demonstrated between mye-
losuppression and melphalan AUC, providing some
justification for the use of a pharmacokinetically
guided dosage for this drug.[35,43]

3.3.5 Busulfan
High dose busulfan is used in conditioning re-

gimens before allogenic or autologous bone mar-
row transplantation (BMT) in adults and children.
Several studies have established the wide inter- and
intra-patient variabilities in high dose busulfan dis-
position.[65,206-208] Some factors of variability have
been identified: age, alteration in hepatic functions,
disease, circadian rhythm and drug interactions.
Hepatic veno-occlusive disease (HVOD)[65,206-208]

is a frequent life-threatening toxicity in patients
undergoing BMT after the administration of a reg-
imen containing high dose busulfan. In adults, a
pharmacodynamic relationship has been estab-
lished between a high systemic busulfan exposure
and the occurrence of HVOD. Moreover, Slattery
et al.[209] demonstrated that busulfan Css (<900
µg/L) was the only statistically significant determi-
nant of relapse in patients treated by BMT for
chronic myeloid leukaemia. By contrast, in chil-
dren, before the prospective evaluation of busulfan
dosage adjustment, further studies are required to
demonstrate firmly the existence of a pharmaco-
dynamic relationship in terms of toxicity and allo-
geneic engraftment, especially when busulfan is
combined with cyclophosphamide. The maximum
tolerated and minimum effective AUCs in children
undergoing BMT are likely to depend mainly upon
the disease, the nature of the combined high dose
regimen and the type of BMT.[210-215]

3.4 Dose Adaptation with Feedback Control

The approach of adaptive dosage with feedback
control is the most complicated and complex method.
In this approach, population-based predictive mod-
els are used initially, but allow the possibility of
dosage alteration based on feedback revision. Pa-
tients are initially treated with a standard dose and

during treatment the pharmacokinetics of the drug
being used are estimated by a limited sampling
strategy and compared with those predicted from
the population model with which dosage was initi-
ated. On the basis of the comparison, more patient-
specific pharmacokinetic parameters are calculated
and dosage is adjusted accordingly to maintain the
target Css or exposure of the drug to produce the
desired pharmacodynamic effect. Despite its math-
ematical complexity, this approach may be the only
way to deliver the desired precise exposure of an
anticancer drug.[1,216]

4. Conclusions

A knowledge of drug pharmacokinetics and phar-
macodynamics has contributed to the optimisation
of drug development and to the treatment of pa-
tients in several non-oncological therapeutic areas.
The routine use of pharmacokinetic methods in de-
termining the dosage of carboplatin, methotrexate,
fluorouracil or etoposide indicated that such op-
timisation is also possible with chemotherapeutic
agents. For these drugs, the concept of AUC-based
dosage has been validated since toxicities are
clearly related to the AUC. Moreover, it seems
likely that therapeutic efficacy is also related to
AUC although further clinical trials are necessary
to clearly establish this point. The use of AUC-
based dosage to compensate for variations in elim-
ination and/or distribution between and within in-
dividual patients is a desirable practice. Whereas
therapeutic drug monitoring in all patients is im-
practical, the routine use of BSA for calculating
the dosage should be avoided and other methods
investigated which are based on the pharmacolog-
ical characteristics of the drug but also mainly on
the characteristics of the patient. In these condi-
tions, the proposal from Gurney[83] concerning a
non–BSA-based dosage calculation method de-
fined by 3 mandatory steps (prime dose, modified
dose and toxicity-adjusted dose) should be evalu-
ated prospectively. This dosage adjustment approach
does not necessarily require pharmacokinetic con-
siderations. But the identification of patients’ fea-
tures predictive of drug pharmacokinetics would
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allow the clinician to rationally choose the dosage
of the first treatment cycle. Moreover, by follow-
ing these features, it will be possible to anticipate
intrapatient pharmacokinetic variabilities which
should be taken into account with the observed
toxicity in the calculation of subsequent dosage.
Moreover, if the principle of increasing doses to
the point of toxicity in the curative situation should
be widely accepted, determination of the actual ex-
posure of a patient to a drug would facilitate the
incrementation for the next cycle.

Finally, for drugs such as anticancer agents
with a very narrow therapeutic index, every effort
should be made to minimise interpatient variability
in drug exposure in order to maximise the benefit
while keeping the risk of serious adverse effects at
an acceptable level. This is particularly important
when treatment is being given with curative intent.
The use of adaptive dosage may offer the best way
to achieve this goal. What is now required is further
prospective validation of these approaches in a
controlled manner.

References
1. Egorin MJ. Therapeutic drug monitoring and dose optimisa-

tion in oncology. In: Workman P, editor. New approaches in
cancer pharmacology: drug design and development. Berlin,:
Springer-Verlag, 1992: 75-87

2. Newell DR. Can pharmacokinetic and pharmacodynamic stud-
ies improve cancer chemotherapy? [discussion no. 15]. Ann
Oncol 1994; 5 Suppl. 4: 9-14

3. Moore MJ, Erlichman C. Therapeutic drug monitoring in on-
cology: problems and potential in antineoplastic therapy. Clin
Pharmacokinet 1987; 13: 205-7

4. Egorin MJ, Reyno LM, Canetta RM, et al. Modeling toxicity
and response in carboplatin-based combination chemother-
apy. Semin Oncol 1994; 5 Suppl. 12: 7-19

5. Ratain MJ, Schilsky RL, Conley BA, et al. Pharmacodynamics
in cancer therapy. J Clin Oncol 1990; 8: 1739-53

6. Evans WE, Relling MV. Clinical pharmacokinetics-pharmaco-
dynamics of anticancer drugs. Clin Pharmacokinet 1989; 16:
327-6

7. Kobayashi K, Ratain MJ. New perspectives on the toxicity of
etoposide. Semin Oncol 1992; 19: 78-83

8. Kobayashi K, Ratain MJ. Individualizing dosing of cancer
chemotherapy. Semin Oncol 1993; 20: 30-42

9. Masson E, Zamboni WC. Pharmacokinetic optimisation of can-
cer chemotherapy: effect on outcomes. Clin Pharmacokinet
1997; 32: 324-43

10. Horwich A, Dearnley DP, Nicholls J. Effectiveness of carbo-
platin, etoposide and bleomycin combination chemotherapy
in good-prognosis metastatic germ cell tumours. J Clin Oncol
1991; 9: 62-9

11. Jodrell D, Egorin MJ, Canetta RM. Relationships between car-
boplatin exposure and tumor response and toxicity in patients
with ovarian cancer. J Clin Oncol 1992; 10: 520-8

12. Ayash LJ, Wright JE, Tretyakov O, et al. Cyclophosphamide
pharmacokinetics: correlation with cardiac toxicity and tu-
mour response. J Clin Oncol 1992; 10 (6): 995-1000

13. Kantarjian HM, Estey EH, Plunkett W, et al. Phase I/II clinical
and pharmacologic studies of high dose cytosine arabinoside
in refractory leukemia. Am J Med 1986; 81: 387-94

14. Desoize B, Marechal F, Cattan A. Clinical pharmacokinetics of
etoposide during 120 hours continuous infusion in solid tu-
mours. Br J Cancer 1990; 62: 840-1

15. Milano G, Etienne MC, Renee N, et al. Relationship between
fluorouracil systemic exposure and tumor response and pa-
tient survival. J Clin Oncol 1994; 12: 1291-5

16. Lennard L, Lilleyman JS. Variable mercaptopurine metabolism
and treatment outcome in childhood lymphoblastic leukemia.
J Clin Oncol 1989; 7: 1816-23

17. Lilleyman JS, Lennard L. Mercaptopurine metabolism and treat-
ment outcome in childood lymphoblastic leukemia. Lancet
1994; 343 (8907): 1188-90

18. Evans WE, Crom WR, Abromowitch M, et al. Clinical pharma-
codynamics of high-dose methotrexate in acute lymphocytic
leukemia: identification of a relation between concentration
and effect. N Engl J Med 1988; 314: 471-77

19. Masson E, Relling MV, Synold TW, et al. Accumulation of
methtrexate polyglutamates in lymphoblasts is a determinant
of antileukemic effects in vivo. J Clin Invest 1996; 97: 73-80

20. Graf N, Winkler K, Betlemovic M, et al. Methotrexate pharma-
cokinetics and prognosis in osteosarcoma. J Clin Oncol 1994;
12: 1443-51

21. Rodman JH, Abromowitch M, Sinkule JA, et al. Clinical phar-
macodynamics of continuous infusion teniposide: systemic
exposure as a determinant of response in a phase I trial. J Clin
Oncol 1987; 5: 1007-4

22. Crom WR, Glynn-Barnhart AM, Rodman JH, et al. Pharmaco-
kinetics of anticancer drugs in children. Clin Pharmacokinet
1987; 12: 168-213

23. Evans WE. Clinical pharmacodynamics of anticancer drugs: a
basis for extending the concept of dose-intensity. Blut 1988;
56: 241-8

24. Evans WE, Petros WP, Relling MV, et al. Clinical pharmacol-
ogy of cancer chemotherapy in children. Pediatr Clin North
Am 1989; 36: 1199-230

25. Petros WP, Evans WE. Pharmacokinetics and pharmacodynam-
ics of anticancer agents: contributions to the therapy of child-
hood cancer. Pharmacotherapy 1990; 10: 313-25

26. Evans WE, Rodman JH, Relling MV, et al. Concept of maxi-
mum tolerated systemic exposure and its application to phase
I-II studies of anticancer drugs. Med Pediatr Oncol 1991; 19:
153-9

27. McLeod Hl, Evans WE. Pediatric pharmacokinetics and thera-
peutic drug monitoring. Pediatr Rev 1992; 13: 413-21

28. Evans WE. Alternative approaches for phase I studies of anti-
cancer drugs: a role for therapeutic drug monitoring. Ther
Drug Monit 1993; 15: 492-7

29. Crom WR. Pharmacokinetics in the child. Environ Health Persp
1994; 11: 111-7

30. Evans WE, Relling MV, Rodman JH, et al. Conventional com-
pared with individualized chemotherapy for childhood acute
lymphoblastic leukemia. N Engl J Med 1998; 338: 499-505

31. Egorin MJ, Van Echo DA, Tipping SJ, et al. Pharmacokinetics
and dosage reduction of cis-diammine(1,1-cyclobutanedi-
carboxylato)platinum in patients with impaired renal func-
tion. Cancer Res 1984; 44: 5432-8

Dose Adaptation in Clinical Oncology 1033

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



32. Ratain MJ, Vogelzang NJ. Phase I and pharmacological study
of vinblastine by prolonged continuous infusion. Cancer Res
1986; 46: 4827-30

33. Belani CP, Egorin MJ, Abrams JS, et al. A novel pharmaco-
dynamically based approach to dose optimization of carbo-
platin when used in combination with etoposide. J Clin Oncol
1989; 7: 1896-902

34. Newell DR, Eeles RA, Gumbrell LA, et al. Carboplatin and
etoposide pharmacokinetics in patients with testicular tera-
toma. Cancer Chemother Pharmacol 1989; 23: 367-72

35. Tranchand B, Ploin YD, Minuit MP, et al. High-dose melphalan
dosage adjustment: possibility of using a test-dose. Cancer
Chemother Pharmacol 1989; 23: 95-100

36. Ratain MJ, Schilsky RL, Choi KE, et al. Adaptive control of
etoposide administration: impact of interpatient pharmaco-
dynamic variability. Clin Pharmacol Ther 1989; 45: 226-33

37. Ratain MJ. Dose reduction of etoposide in jaundiced patients. J
Clin Oncol 1990; 8: 2088-9

38. Sorensen BT, Stromgren A, Jakobsen P, et al. Dose-toxicity
relationship of carboplatin in combination with cyclophos-
phamide in ovarian cancer patients. Cancer Chemother Phar-
macol 1991; 28: 397-401

39. O’Dwyer P, LaCreta FP, Engstrom PF, et al. Phase I/pharmaco-
kinetic reevaluation of ThioTEPA. Cancer Res 1991; 51:
3171-6

40. Jakobsen P, Bastolt L, Dalmark M, et al. Feasibility of myelo-
toxicity prediction through single blood sample measurement.
Cancer Chemother Pharmacol 1991; 28: 465-8

41. Stewart CF, Arbuck SG, Fleming RA, et al. Relation of systemic
exposure to unbound etoposide and hematologic toxicity. Clin
Pharmacol Ther 1991; 50: 385-93

42. Evans WE, Rodman JH, Relling MV, et al. Differences in ten-
iposide disposition and pharmacodynamics in patients with
newly diagnosed and relapsed acute lumphocytic leukemia. J
Pharmacol Exp Ther 1992; 260: 71-7

43. Ploin DY, Tranchand B, Guastalla JP, et al. Pharmacokinetically
guided dosing for intravenous melphalan: a pilot study in pa-
tients with advanced ovarian adenocarcinoma. Eur J Cancer
1992; 28A: 1311-5

44. Miller AA, Tolley EA, Niell HB, et al. Pharmacodynamics of
three daily infusions of etoposide in patients with extensive-
stage small-cell lung cancer. Cancer Chemother Pharmacol
1992; 31: 161-6

45. Miller AA, Tolley EA, Niell HB, et al. Pharmacodynamics of
prolonged oral etoposide in patients with advanced non–
small-cell lung cancer. J Clin Oncol 1993; 11: 1179-88

46. Pfluger KH, Hahn M, Holz JB, et al. Pharmacokinetics of etopo-
side: correlation of pharmacokinetic parameters with clinical
conditions. Cancer Chemother Pharmacol 1993; 31: 350-6

47. Piscitelli SC, Rodvold KA, Rushing DA, et al. Pharmacokinet-
ics and pharmacodynamics of doxorubicin in patients with
small cell lung cancer. Clin Pharmacol Ther 1993; 53: 555-61

48. Rowinsky EK. Clinical pharmacology of taxol. J Natl Cancer
Inst 1993; 15: 25

49. Minami H, Shimokata K, Saka H, et al. Phase I clinical and
pharmacokinetic study of a 14-day infusion of etoposide in
patients with lung cancer. J Clin Oncol 1993; 11: 1602-8

50. Fety R, Rolland F, Barberi-Heyob M, et al. Clinical impact of
pharmacokinetically guided adaptation of 5-fluorouracil: re-
sults from a multicentre, randomized trial in patients with
locally advanced head and neck carcinomas. Clin Cancer Res
1998; 4: 2039-45

51. Chatelut E, Chevreau C, Brunner V, et al. A pharmacologi-
cally guided phase I study of carboplatin in combination with

methotrexate and vinblastine in advanced urothelial cancer.
Cancer Chemother Pharmacol 1995; 35: 391-6

52. Kearns CM, Gianni L, Egorin MJ. Paclitaxel pharmacokinetics
and pharmacodynamics. Semin Oncol 1995; 22: 16-23

53. Huizing MT, Vermorken JB, Rosing H, et al. Pharmacokinetics
of paclitaxel and three major metabolites in patients with ad-
vanced breast carcinoma refractory to anthracycline therapy
treated with a 3-hour paclitaxel infusion: a European Cancer
Centre (ECC) trial. Ann Oncol 1995; 6: 699-704

54. van Wamerdam LJC, Verweij J, Schellens JH, et al. Pharmaco-
kinetics and pharmacodynamics of topotecan administered
daily for 5 days every three weeks. Cancer Chemother Phar-
macol 1995; 35: 237-45

55. Millward MJ, Newell DR, Yuen K, et al. Pharmacokinetics and
pharmacodynamics of prolonged oral etoposide in women
with metastatic breast cancer. Cancer Chemother Pharmacol
1995; 37: 161-7

56. Chabot GG, Abigerges D, Catimel G, et al. Population pharma-
cokinetics and pharmacodynamics of irinotecan (CPT-11) and
active metabolite SN-38 during phase I trials. Ann Oncol
1995; 6: 141-51

57. Canal P, Gay C, Dezeuze A, et al. Pharmacokinetics and phar-
macodynamics of irinotecan-hydrochloride (CPT-11) during
a phase II clinical trial in colorectal cancer. J Clin Oncol 1996;
14: 2688-95

58. Bruno R, Vivier N, Vergniol JC, et al. A population pharmaco-
kinetic model for docetaxel (taxotere): model building and
validation. J Pharmacokinet Biopharm 1996; 24: 153-72

59. Bruno R, Hill D, Riva A, et al. Population pharmacokinetics/
pharmacodynamics of docetaxel in phase II studies in patients
with cancer. J Clin Oncol 1998; 16: 187-96

60. Minami H, Ratain MJ, Ando Y, et al. Pharmacodynamic mod-
eling of prolonged administration of etoposide. Cancer Chem-
other Pharmacol 1996; 39: 61-6

61. Joel SP, Ellis P, O’Byrne K, et al. Therapeutic monitoring of
continuous infusion etoposide in small-cell lung cancer. J Clin
Oncol 1996; 14: 1903-12

62. Joel S. The clinical pharmacology of etoposide: an update. Can-
cer Treat Rev 1996; 22: 179-221

63. Huizing MT, Giaccone G, van Warmerdam LJ, et al. Pharma-
cokinetics of paclitaxel and carboplatin in a dose-escalating
and dose-sequencing study in patients with non–small-cell
lung cancer: the European Cancer Centre. J Clin Oncol 1997;
15: 317-29

64. Huizing MT, van Warmerdam LJ, Rosing H, et al. Phase I and
pharmacologic study of the combination paclitaxel and car-
boplatin as first-line chemotherapy in stage III and IV ovarian
cancer. J Clin Oncol 1997; 15: 1953-64

65. Grochow LB, Jones RJ, Brundett RB, et al. Pharmacokinetics of
busulfan: correlation with veno-occlusive disease in patients
undergoing bone marrow transplantation. Cancer Chemother
Pharmacol 1989; 25: 55-61

66. Reece PA, Stafford I, Russell J, et al. Creatinine clearance as a
predictor of ultrafilterable platinum disposition in cancer pa-
tients treated with cisplatin: relationship between peak ultra-
filterable platinum plasma levels and nephrotoxicity. J Clin
Oncol 1987; 5: 304-9

67. Gregg RW, Molepo JM, Monpetit VJ, et al. Cisplatin neurotox-
icity: the relationship between dosage, time, and platinum
concentration in neurologic tissues, and morphologic evidence
of toxicity. J Clin Oncol 1992; 10: 795-803

68. Santini J, Milano G, Thyss A, et al. 5-FU therapeutic monitoring
with dose adjustment leads to an improved therapeutic index
in head and neck cancer. Br J Cancer 1989; 59: 287-90

1034 Canal et al.

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



69. Gupta E, Lestingi TM, Mick R, et al. Metabolic fate of irino-
tecan in humans: correlation of glucuronidation with diar-
rhea. Cancer Res 1994; 54: 3723-5

70. Desai ZR, Van Den Berg HW, Bridges JM, et al. Can severe
vincristine neurotoxicity be prevented? Cancer Chemother
Pharmacol 1982; 8: 211-4

71. Reilly JJ, Workman P. Normalisation of anti-cancer drug dos-
age using body weight and surface area: is it worthwhile? A
review of theoretical and practical considerations. Cancer
Chemother Pharmacol 1993; 32: 411-8

72. Cassidy J. Chemotherapy administration: doses, infusions and
choice of schedule. Ann Oncol 1994; 5: 25-9; discussion 29-30

73. Alexander JK, Dennis EW, Smith WG, et al. Blood volume,
cardiac output, and distribution of systemic blood flow in
extreme obesity. Cardiovasc Res Cent Bull 1962; 1: 39-44

74. Feldschuh J, Enson Y. Prediction of the normal blood volume:
relation of blood volume to body habitus. Circulation 1977;
56: 605-12

75. Du Bois D, Du Bois EF. A formula to estimate the approximate
surface area if height and weight be known. Arch Intern Med
1916; 17: 863-71

76. Gehan EA, George SL. Estimation of human body surface area
from height and weight. Cancer Chemother Rep 1970; 54:
225-35

77. Grochow LB, Baraldi C, Noe D. Is dose normalization to weight
or body surface area useful in adults? J Natl Cancer Inst 1990;
82: 323-5

78. Reilly JJ, Workman P. Is body composition an important vari-
able in the pharmacokinetics of anticancer drugs? A review
and suggestions for further research. Cancer Chemother Phar-
macol 1994; 34: 3-13

79. Baker SD, Grochow LB, Donehower RC. Should anticancer
drug doses be adjusted in the obese patient? J Natl Cancer Inst
1995; 87: 333-4

80. Ratain MJ. Body surface area as a basis for dosing of anticancer
agents: science, myth or habit? J Clin Oncol 1998; 16: 2297-8

81. Dobbs NA, Twelves CJ. What is the effect of adjusting epi-
rubicin doses for body surface area. Br J Cancer 1998; 78:
662-6

82. Gurney HP, Ackland S, Gebski V, et al. Factors affecting epi-
rubicin pharmacokinetics and toxicity: evidence against us-
ing body surface area for dose calculation. J Clin Oncol 1998;
16: 2299-304

83. Gurney H. Dose calculation of anticancer drugs: a review of the
current practice and introduction of an alternative. J Clin
Oncol 1996; 14: 2590-611

84. Kintzel PE, Dorr RT. Anticancer drug renal toxicity and elimi-
nation: dosing guidelines for altered renal function. Cancer
Treat Rev 1995; 21: 33-64

85. Koren G, Beatty K, Seto A, et al. The effects of impaired liver
function on the elimination of antineoplastic agents. Ann
Pharmacother 1992; 26: 363-71

86. Donelli MG, Zucchetti M, Munzone E, et al. Pharmacokinetics
of anticancer agents in patients with impaired liver function.
Eur J Cancer 1998; 34: 33-46

87. Calvert AH, Newell DR, Gumbrell LA, et al. Carboplatin dos-
age: prospective evaluation of a simple formula based on re-
nal function. J Clin Oncol 1989; 7: 1748-56

88. Chatelut E, Canal P, Brunner V, et al. Prediction of carboplatin
clearance from standard morphological and biological patient
characteristics. J Natl Cancer Inst 1995; 87: 573-80

89. Newell DR, Siddik ZH, Gumbrell LA, et al. Plasma free plati-
num pharmacokinetics in patients treated with high dose car-
boplatin. Eur J Cancer Clin Oncol 1987; 23: 1399-405

90. Shea TC, Flaherty M, Elias A, et al. A phase I clinical and
pharmacokinetic study of carboplatin and autologous bone
marrow support [published erratum appears in J Clin Oncol
1989 Aug; 7 (8): 1177]. J Clin Oncol 1989; 7: 651-1

91. Mulder PO, de Vries EG, Uges DR, et al. Pharmacokinetics of
carboplatin at a dose of 750 mg m-2 divided over three con-
secutive days. Br J Cancer 1990; 61: 460-4

92. Calvert AH, Lind MJ, Ghazal Aswad S, et al. Carboplatin and
granulocyte colony-stimulating factor as first-line treatment
for epithelial ovarian cancer: a phase I dose-intensity escala-
tion study. Semin Oncol 1994; 21: 1-6

93. Lind MJ, Ghazal Aswad S, Gumbrell L, et al. Phase I study of
pharmacologically based dosing of carboplatin with filgrastim
support in women with epithelial ovarian cancer. J Clin Oncol
1996; 14: 800-5

94. Siddiqui N, Boddy AV, Thomas HD, et al. A clinical and phar-
macokinetic study of the combination of carboplatin and
paclitaxel for epithelial ovarian cancer. Br J Cancer 1997; 75:
287-94

95. Egorin MJ, Van Echo DA, Olman EA, et al. Prospective vali-
dation of a pharmacologically based dosing scheme for the
cis-diamminedichloroplatinum(II) analogue diamminecyclo-
butanedicarboxylatoplatinum. Cancer Res 1985; 45: 6502-6

96. Calvert AH, Boddy A, Bailey NP, et al. Carboplatin in com-
bination with paclitaxel in advanced ovarian cancer: dose
determination and pharmacokinetic and pharmacodynamic
interactions. Semin Oncol 1995; 22 Suppl. 12: 91-8

97. van Wamerdam LJC, Rodenhuis S, Ten Bokkel Huinink WW,
et al. Evaluation of formulas using the serum creatinine level
to calculate the optimal dosage of carboplatin. Cancer Chem-
other Pharmacol 1996; 37: 266-70

98. Fujiwara Y, Takahashi T, Yamakido M, et al. Re: prediction of
carboplatin clearance from standard morphological and bio-
logical patient characteristics [comment on: J Natl Cancer
Inst 1995 Apr 19; 87 (8): 573-80]. J Natl Cancer Inst 1997;
89: 260-2

99. Minami H, Ando Y, Saka H, et al. Re: prediction of carboplatin
clearance from standard morphological and biological patient
characteristics [comment on: J Natl Cancer Inst 1997 Feb 5;
89 (3): 260-2]. J Natl Cancer Inst 1997; 89: 968-70

100. Kearns CM, Egorin MJ. Considerations regarding the less-than-
expected thrombocytopenia encountered with combination
paclitaxel/carboplatin chemotherapy. Semin Oncol 1997; 24
(1 Suppl. 2): S2-91-6

101. Calvert AH. A review of the pharmacokinetics and pharmaco-
dynamics of combination carboplatin/paclitaxel. Semin
Oncol 1997; 24 (1 Suppl. 2): S2-85-90

102. Alberts DS, Garcia DJ. Total platinum dose versus platinum
dose intensification in ovarian cancer treatment. Semin Oncol
1994; 21: 11-5

103. Okamoto H, Nagatomo A, Kunitoh H, et al. The predictive
performance of carboplatin clearance by patient character-
istics or 24-hour creatinine clearance. Proc Am Assoc Clin
Oncol 1996; 15: 174

104. Hande KR. The importance of drug scheduling in cancer
chemotherapy: etoposide as an example. Stem Cells 1996;
14: 18-24

105. Miller AA, Stewart CF, Tolley EA. Clinical pharmacodynamics
of continuous-infusion etoposide. Cancer Chemother Phar-
macol 1990; 25: 361-6

106. Mick R, Ratain MJ. Modeling interpatient pharmacodynamic
variability of etoposide. J Natl Cancer Inst 1991; 83: 1560-4

107. Joel SP, Shah R, Clark PI, et al. Predicting etoposide toxicity:
relationship to organ function and protein binding. J Clin
Oncol 1996; 14: 257-67

Dose Adaptation in Clinical Oncology 1035

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



108. Nguyen L, Chatelut E, Chevreau C, et al. Population pharmaco-
kinetics of total and unbound etoposide. Cancer Chemother
Pharmacol 1998; 41: 125-32

109. Joel SP, Hall M, Gaver RC, et al. Complete recovery of radio-
activity after administration of 14C-etoposide in man. Proc Am
Assoc Clin Oncol 1995; 14: 168

110. Stewart CF, Fleming RA, Arbuck SG, et al. Prospective evalu-
ation of a model for predicting etoposide plasma protein bind-
ing in cancer patients. Cancer Res 1990; 50: 6854-6

111. Stewart CF, Arbuck SG, Fleming RA, et al. Changes in the
clearance of total and unbound etoposide in patients with liver
dysfunction. J Clin Oncol 1990; 8: 1874-9

112. Stewart CF, Pieper JA, Arbuck SG, et al. Altered protein binding
of etoposide in patients with cancer. Clin Pharmacol Ther
1989; 45: 49-55

113. Arbuck SG, Douglass HO, Crom WR, et al. Etoposide pharma-
cokinetics in patients with normal and abnormal organ func-
tion. J Clin Oncol 1986; 4: 1690-5

114. Sonnichsen DS, Hurwitz CA, Pratt CB, et al. Saturable pharma-
cokinetics and paclitaxel pharmacodynamics in children with
solid tumors. J Clin Oncol 1994; 12: 532-8

115. Sonnichsen DS, Relling MV. Clinical pharmacokinetics of pa-
clitaxel. Clin Pharmacokinet 1994; 27: 256-69

116. Gianni L, Kearns CM, Giani A, et al. Nonlinear pharmacokinet-
ics and metabolism of paclitaxel and its pharmacokinetic/
pharmacodynamic relationships in humans. J Clin Oncol
1995; 13: 180-90

117. Sonnichsen DS, Liu Q, Schuetz EG, et al. Variability in human
cytochrome P450 paclitaxel metabolism. J Pharmacol Exp
Ther 1995; 275: 566-75

118. Venook AP, Egorin M, Rosner TD, et al. Phase I and pharma-
cokinetic trial of paclitaxel in patients with hepatic dysfunc-
tion: Cancer and Leukemia Group B 9264. J Clin Oncol 1994;
13: 1811-9

119. Huizing MT, Rosing H, Vermoken JB. Pharmacology of pacli-
taxel and its metabolites in patients with altered liver function.
Eur J Cancer 1995; 31A Suppl. 5: S192

120. Nannan Panday VR, Huizing MT, Willemse PHB, et al. He-
patic metabolism of paclitaxel and its impact in patients with
altered hepatic function. Semin Oncol 1997; 24 Suppl.: S11-
34-8

121. Bruno R, Sanderink GJ. Pharmacokinetics and metabolism of
taxotere (docetaxel). Cancer Surv 1993; 17: 305-13

122. Launay Iliadis MC, Bruno R, Cosson V, et al. Population
pharmacokinetics of docetaxel during phase I studies using
nonlinear mixed-effect modeling and nonparametric maxi-
mum-likelihood estimation. Cancer Chemother Pharmacol
1995; 37: 47-54

123. Robert J, Gianni L. Pharmacokinetics and metabolism of anthra-
cyclines. Cancer Surv 1993; 17: 219-52

124. Robert J. Epirubicin: clinical pharmacology and dose-effect
relationship. Drugs 1993; 45 Suppl. 2: 20-30

125. Robert J. Clinical pharmacokinetics of epirubicin. Clin Pharma-
cokinet 1994; 26: 428-38

126. Reich SD. Clinical correlation of adriamycin pharmacology.
Pharmacol Ther 1978; 5: 304-9

127. Twelves CJ, Dobbs NA, Gillies HC, et al. Doxorubicin pharma-
cokinetics: the effect of abnormal liver biochemistry tests.
Cancer Chemother Pharmacol 1998; 42: 229-34

128. Twelves CJ, Dobbs NA, Michael Y, et al. Clinical pharmaco-
kinetics of epirubicin: the importance of liver biochemistry
tests. Br J Cancer 1992; 66: 765-9

129. Verweij J, Lund B, Beijnen J, et al. Phase I and pharmacokinet-
ics study of topotecan, a new topoisomerase I inhibitor. Ann
Oncol 1993; 4: 673-8

130. O’Dwyer P, LaCreta FP, Haas NB, et al. Clinical, pharmacoki-
netic and biological studies of topotecan. Cancer Chemother
Pharmacol 1994; 34: S46-52

131. Dennis MJ, Beijnen JH, Grochow LB, et al. An overview of the
clinical pharmacology of topotecan. Semin Oncol 1997; 24

132. O’Reilly S, Rowinsky EK, Slichenmyer W, et al. Phase I and
pharmacologic study of topotecan in patients with impaired
renal function. J Clin Oncol 1996; 14: 3062-73

133. O’Reilly S, Rowinsky E, Slichenmyer W, et al. Phase I and
pharmacologic studies of topotecan in patients with impaired
hepatic function. J Natl Cancer Inst 1996; 88: 817-24

134. Lind MJ, Ardiet C. Pharmacokinetics of alkylating agents. Can-
cer Surv 1993; 17: 157-88

135. Kaijser GP, Beijnen JH, Bult A, et al. Ifosfamide metabolism
and pharmacokinetics. Anticancer Res 1994; 14: 517-31

136. Boddy AV, Proctor M, Simmonds D, et al. Pharmacokinetics,
metabolism and clinical effect of ifosfamide in breast cancer
patients. Eur J Cancer 1995; 31A: 69-76

137. Busse D, Busch FW, Bohnenstengel F, et al. Dose escalation
of cyclophosphamide in patients with breast cancer: conse-
quences for pharmacokinetics and metabolism. J Clin Oncol
1997; 15: 1885-96

138. Chen TL, Kennedy MJ, Anderson LW, et al. Nonlinear pharma-
cokinetics of cyclophosphamide and 4-hydroxycyclophos-
phamide/aldophosphamide in patients with metastatic breast
cancer receiving high-dose chemotherapy followed by autol-
ogous bone marrow transplantation. Drug Metab Disp 1997;
25: 544-1

139. Wagner T. Ifosfamide clinical pharmacokinetics. Clin Pharma-
cokinet 1994; 26: 439-56

140. Rahmani R, Zhou XJ. Pharmacokinetics and metabolism of vinca
alkaloids. Cancer Surv 1993; 17: 269-81

141. Van Den Berg HW, Desai ZR, Wilson R, et al. The pharmaco-
kinetics of vincristine in man: reduced drug clearance associ-
ated with raised serum alkaline phosphatase and dose-limited
elimination. Cancer Chemother Pharmacol 1982; 8: 215-9

142. Leveque D, Jehl F. Clinical pharmacokinetics of vinorelbine.
Clin Pharmacokinet 1996; 31: 184-97

143. Robieux I, Sorio R, Borsatti E, et al. Pharmacokinetics of vino-
relbine in patients with liver metastases. Clin Pharmacol Ther
1996; 59: 32-40

144. Pinguet F, Martel P, Fabbro M, et al. Pharmacokinetics of high-
dose intravenous melphalan in patients undergoing peripheral
blood hematopoietic progenitor-cell transplantation. Antican-
cer Res 1997; 17: 605-11

145. Osterborg A, Ehrsson H, Eksborg S, et al. Pharmacokinetics of
oral melphalan in relation to renal function in multiple mye-
loma patients. Eur J Cancer Clin Oncol 1989; 25: 899-903

146. Kergueris MF, Milpied N, Moreau P, et al. Pharmacokinetics of
high-dose melphalan in adults: influence of renal function.
Anticancer Res 1994; 14: 2379-82

147. Baker SD, Grochow LB. Pharmacology of cancer chemother-
apy in the older person. Clin Geriatr Med 1997; 13: 169-83

148. Egorin MJ. Cancer pharmacology in the elderly. Semin Oncol
1993; 20: 43-9

149. Etienne MC, Chatelut E, Pivot X, et al. Co-variables influencing
5-fluorouracil clearance during continuous venous infusion:
a NONMEM analysis. Eur J Cancer 1998; 34: 92-7

150. Gelman RS, Taylor SG. Cyclophosphamide, methotrexate, and
5-fluorouracil chemotherapy in women more than 65 years
old with advanced breast cancer: the elimination of age trends
in toxicity by using doses based on creatinine clearance. J Clin
Oncol 1984; 2: 1404-3

151. Borkowski JM, Duerr M, Donehower RC, et al. Relation
between age and clearance rate of nine investigational anti-

1036 Canal et al.

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



cancer drugs from phase I pharmacokinetic data. Cancer Chem-
other Pharmacol 1994; 33: 493-6

152. Bonetti A, Franceschi T, Apostoli P, et al. Cisplatin pharmaco-
kinetics in elderly patients. Ther Drug Monit 1994; 16: 477-82

153. Yamamoto N, Tamura T, Maeda M, et al. The influence of age-
ing on cisplatin pharmacokinetics in lung cancer patients with
normal organ function. Cancer Chemother Pharmacol 1995;
36: 102-6

154. Sorio R, Robieux I, Galligioni E, et al. Pharmacokinetics and
tolerance of vinorelbine in elderly patients with metastatic
breast cancer. Eur J Cancer 1997; 33: 301-3

155. Desoize B, Robert J. Individual dose adaptation of anticancer
drugs. Eur J Cancer 1994; 30A (6): 844-51

156. Gelman RS, Tormey DC, Betensky R, et al. Actual versus ideal
weight in the calculation of surface area: effects on dose of
11 chemotherapy agents. Cancer Treat Rep 1987; 71: 907-11

157. Georgiadis MS, Steinberg SM, Hankins LA, et al. Obesity and
therapy-related toxicity in patients treated for small-cell lung
cancer. J Natl Cancer Inst 1995; 87: 361-6

158. Powis G, Reece P, Ahman DL, et al. Effect of body weight on
the pharmacokinetics of cyclophosphamide in breast cancer
patients. Cancer Chemother Pharmacol 1987; 20: 219-22

159. Rodvold KA, Rushing DA, Tewksbury DA. Doxorubicin clear-
ance in the obese. J Clin Oncol 1988; 6: 1321-7

160. Lind MJ, Margison JM, Cerny T, et al. Prolongation of ifosfam-
ide elimination half-life in obese patients due to altered drug
distribution. Cancer Chemother Pharmacol 1989; 25: 139-42

161. Benezet S, Guimbaud R, Chatelut E, et al. How to predict car-
boplatin clearance from standard morphological and biolog-
ical characteristics in obese patients. Ann Oncol 1997; 8:
607-9

162. Houyau P, Gay C, Chatelut E, et al. Severe fluorouracil toxicity
in a patient with dihydropyrimidine dehydrogenase defi-
ciency [letter]. J Natl Cancer Inst 1993; 85: 1602-3

163. Meinsma R, Fernandez-Salguero P, van Kulenberg AB, et al.
Human polymorphism in drug metabolism: mutation in the
dihydropyrimidine dehydrogenase gene results in exon skip-
ping and thymine uracilurea. DNA Cell Biol 1995; 14: 1-6

164. Takai S, Fernandez-Salguero P, Kimura S, et al. Assignment of
the human dihydropymidine dehydrogenase gene to chromo-
some region 1p22 by fluorescence in situ hybridisation. Ge-
nomics 1994; 24: 613-4

165. Albin N, Jonhson MR, Shahinian H, et al. Initial character-
ization of the molecular defect in human dihydropyrimidine
dehydrogenase deficiency. Proc Am Assoc Cancer Res 1995;
36: 211

166. Fleming RA, Milano G, Thyss A, et al. Correlation between
dihydropyrimidine dehydrogenase activity in peripheral mono-
nuclear cells ans systemic clearance of fluorouracil in cancer
patients. Cancer Res 1992; 52: 2899-902

167. Etienne MC, Lagrange JL, Dassonville O, et al. Population study
of dihydropyrimidine dehydrogenase in cancer patients [see
comments]. J Clin Oncol 1994; 12: 2248-53

168. Milano G, Etienne MC. Potential importance of dihydropyrim-
idine dehydrogenase (DPD) in cancer chemotherapy. Phar-
macogenetics 1994; 4: 301-6

169. Lennard L. The clinical pharmacology of 6-mercaptopurine.
Eur J Clin Pharmacol 1992; 43: 329-9

170. Lennard L, Lilleyman JS, Van Loon J, et al. Genetic variation
in response to 6-mercaptopurine for childhood acute lympho-
blastic leukaemia. Lancet 1990; 336: 225-9

171. Tinel M, Berson A, Pessayre D, et al. Pharmacogenetics of
human erythrocyte thiopurine methyltransferase activity in a
French population. Br J Clin Pharmacol 1991; 32: 729-34

172. Lennard L, Van Loon JA, Lilleyman JS, et al. Thiopurine pharma-
cogenetics in leukemia: correlation of erythrocyte thiopurine
methyltransferase activity and 6-thioguanine nucleotide con-
centrations. Clin Pharmacol Ther 1987; 41: 18-25

173. Evans WE, Horner M, Chu YQ, et al. Altered mercaptopurine
metabolism, toxic effects, and dosage requirement in a thio-
purine methyltransferase-deficient child with acute lympho-
cytic leukemia. J Pediatr 1991; 119: 985-9

174. Klemetsdal B, Tollefsen E, Loennechen T, et al. Interethnic
difference in thiopurine methyltransferase activity. Clin Phar-
macol Ther 1992; 51: 24-31

175. Cresteil T, Monsarrat B, Alvinerie P, et al. Taxol metabolism by
human liver microsomes: identification of cytochrome P450
isoenzymes involved in its biotransformation. Cancer Res
1994; 54: 386-92

176. Royer I, Monsarrat B, Sonnier M, et al. Metabolism of doce-
taxel by human cytochromes P450: interactions with pacli-
taxel and other antineoplastic drugs. Cancer Res 1996; 56:
58-65

177. Haaz MC, Rivory LP, Riche C, et al. The transformation of
irinotecan (CPT-11) to its active metabolite SN-38 by human
liver microsomes. Differential hydrolysis for the lactone and
carboxylate forms. Naunyn Schmiedebergs Arch Pharmacol
1997; 356: 257-62

178. Relling MV, Nemec J, Schuetz EG, et al. O-demethylation of
epipodophyllotoxin is catalyzed by human cytochrome P450
3A4. Mol Pharmacol 1994; 45: 352-8

179. Kivisto KT, Kroemer HK, Eichelbaum M. The role of human
cytochrome P450 enzymes in the metabolism of anticancer
agents: implications for drug interactions. Br J Clin Phar-
macol 1995; 40: 523-30

180. Chang SM, Kuhn JG, Rizzo J, et al. Phase I study of paclitaxel
in patients with recurrent malignant glioma: a North Ameri-
can Brain Tumour consortium report. J Clin Oncol 1998; 16:
188-84

181. Mackenzie PI, Owens IS, Burchell B, et al. The UDP glyco-
syltransferase gene superfamily: recommended nomenclature
update based on evolutionary divergence. Pharmacogenetics
1997; 7: 255-69

182. Chabot GG. Clinical pharmacokinetics of irinotecan. Clin Phar-
macokinet 1997; 33: 245-59

183. Iyer L, King CD, Whitington PR, et al. Genetic predisposition
to the metabolism of irinotecan (CPT-11): Role of uridine
diphosphate glucuronosyltransferase isoform 1A1 in the
glucuronidation of its active metabolite (SN-38) in human
liver microsomes. J Clin Invest 1998; 101: 847-54

184. Wasserman E, Myara A, Lokiec F, et al. Severe CPT-11 toxicity
in patients with Gilbert’s syndrome: two case reports. J Clin
Invest 1997; 8: 1049-51

185. Ando Y, Saka H, Asai G, et al. UGT1A1 genotypes and glu-
curonidation of SN-38, the active metabolite of irinotecan.
Ann Oncol 1998; 9: 845-7

186. Favre R, Monjanel S, Alfonsi M, et al. High-dose methotrexate:
a clinical and pharmacokinetic evaluation. Cancer Chemother
Pharmacol 1982; 9: 156-60

187. Thyss A, Schneider M, Santini J, et al. Induction chemotherapy
with cis-platinum and 5-fluorouracil for squamous cell carci-
noma of the head and neck. Br J Cancer 1986; 54: 755-60

188. Hillcoat BL, McCulloch PB, Figueredo AT, et al. Clinical re-
sponse and plasma levels of 5-fluorouracil in patients with
colonic cancer treated by drug infusion. Br J Cancer 1978;
38: 719-24

189. Gamelin EC, Danquechin-Dorval EM, Dumesnil YF, et al. Re-
lationship between 5-fluorouracil (5-FU) dose intensity and
therapeutic response in patients with advanced colorectal

Dose Adaptation in Clinical Oncology 1037

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)



cancer receiving infusional therapy containing 5-FU. Cancer
1996; 77: 441-51

190. Gamelin EC, Boisdron-Celle M, Delva RG, et al. Long-term
weekly treatment of colorectal metastatic cancer with fluoro-
uracil and leucovorin: results of a multicentric prospective
trial of fluorouracil dosage optimization by pharmacokinetic
monitoring in 152 patients. J Clin Oncol 1998; 16: 1470-8

191. Clark PI, Slevin ML. The clinical pharmacology of etoposide
and teniposide. Clin Pharmacokinet 1987; 12: 223-52

192. Slevin ML, Clark PL, Joel SP, et al. A randomized trial to eval-
uate the effect of schedule on the activity of etoposide in
small-cell lung cancer. J Clin Oncol 1989; 7: 1333-40

193. Ratain MJ, Mick R, Schilsky RL, et al. Pharmacologically based
dosing of etoposide: a means of safely increasing dose inten-
sity. J Clin Oncol 1991; 9: 1480-6

194. Kunitoh H, Watanabe K. Phase I/II and pharmacologic study of
long-term continuous infusion etoposide combined with cis-
platin in patients with advanced non-small-cell lung cancer. J
Clin Oncol 1994; 12: 83-9

195. Miller AA, Herndon JE, Hollis DR, et al. Schedule dependency
of 21-day oral versus 3-day intravenous etoposide in combi-
nation with intravenous cisplatin in extensive-stage small-cell
lung cancer: a randomized phase III study of the Cancer and
Leukemia Group B. J Clin Oncol 1995; 13: 1871-9

196. Joel SP, Clark PI, Heap L, et al. Pharmacological attempts to
improve the bioavailability of oral etoposide. Cancer Chemo-
ther Pharmacol 1995; 37: 125-33

197. Sessa C, Zucchetti M, Torri V, et al. Chronic oral etoposide in
small-cell lung cancer: clinical and pharmacokinetic results.
Ann Oncol 1993; 4: 553-8

198. Nirenberg A, Mosende C, Mehta BM, et al. High-dose metho-
trexate with citrovorum factor rescue: predictive value of
serum methotrexate concentrations and corrective measures
to avert toxicity. Cancer Treat Rep 1977; 61: 779-83

199. Wolfrom C, Hepp R, Hartmann R, et al. Pharmacokinetic study
of methotrexate, folinic acid and their serum metabolites in
children treated with high-dose methotrexate and leucovorin
rescue. Eur J Clin Pharmacol 1990; 39: 377-83

200. Pearson AD, Amineddine HA, Yule M, et al. The influence of
serum methotrexate concentrations and drug dosage on out-
come in childhood acute lymphoblastic leukaemia. Br J Can-
cer 1991; 64: 169-73

201. Stoller RG, Hande KR, Jacobs SA, et al. Use of plasma phar-
macokinetics to predict and prevent methotrexate toxicity. N
Engl J Med 1977; 297: 630-4

202. Borsi JD, Moe PJ. Systemic clearance of methotrexate in the
prognosis of acute lymphoblastic leukemia in children. Can-
cer 1987; 60: 3020-4

203. Camitta B, Mahoney D, Leventhal B, et al. Intensive intra-
venous methotrexate and mercaptopurine treatment of higher-

risk non-T, non-B acute lymphocytic leukemia: a pediatric
oncology group study. J Clin Oncol 1994; 12: 1383-9

204. Whitehead VM, Vuchich MJ, Lauer SJ, et al. Accumulation of
high levels of methotrexate polyglutamates in lymphoblasts
from children with hyperdiploid (greater than 50 chromo-
somes) B-lineage acute lymphoblastic leukemia: a Pediatric
Oncology Group study. Blood 1992; 80: 1316-23

205. Chabner BA, Allegra CJ, Curt GA, et al. Polyglutamation of
methotrexate: is methotrexate a prodrug? J Clin Invest 1985;
76: 907-12

206. Grochow LB. Busulfan disposition: the role of therapeutic mon-
itoring in bone marrow transplantation induction regimens.
Semin Oncol 1993; 20: 18-25

207. Schuler U, Schroer S, Kuhnle A, et al. Busulfan pharmacoki-
netics in bone marrow transplant patients: is drug monitoring
warranted? Bone Marrow Transplant 1994; 14: 759-65

208. Dix SP, Wingard JR, Mullins RE, et al. Association of busulfan
area under the curve with veno-occlusive disease following
BMT. Bone Marrow Transplant 1996; 17: 225-30

209. Slattery JT, Clift RA, Buckner CD, et al. Marrow transplanta-
tion for chronic myeloid leukemia: the influence of plasma
busulfan levels on the outcome of transplantation. Blood
1997; 89: 3055-60

210. Yeager AM, Wagner Jr JE, Graham ML, et al. Optimization of
busulfan dosage in children undergoing bone marrow trans-
plantation: a pharmacokinetic study of dose escalation. Blood
1992; 80: 2425-8

211. Vassal G, Fischer A, Challine D, et al. Busulfan disposition
below the age of three: alteration in children with lysosomal
storage disease. Blood 1993; 82: 1030-4

212. Shaw PJ, Scharping CE, Brian RJ, et al. Busulfan pharmaco-
kinetics using a single daily high-dose regimen in children
with acute leukemia. Blood 1994; 84: 2357-62

213. Hassan M, Ehrsson H, Ljungman P. Aspects concerning busul-
fan pharmacokinetics and bioavailability. Leukemia Lymphoma
1996; 22: 395-407

214. Hassan M, Fasth A, Gerritsen B, et al. Busulphan kinetics and
limited sampling model in children with leukemia and inher-
ited disorders. Bone Marrow Transplant 1996; 18: 843-50

215. Vassal G, Koscielny S, Challine D, et al. Busulfan disposition
and hepatic veno-occlusive disease in children undergoing
bone marrow transplantation. Cancer Chemother Pharmacol
1996; 37: 247-53

216. Judson IR. Pharmacokinetic modelling – a prelude to therapeu-
tic drug monitoring for all cancer patients? Eur J Cancer 1995;
31A: 1733-5

Correspondence and reprints: Dr Pierre Canal, 20 rue du
Pont Saint Pierre, 31052 Toulouse Cedex, France.
E-mail: canal@icr.fnclcc.fr

1038 Canal et al.

 Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)


	Contents 1019
	Abstract 1019
	1. Rationale for Pharmacokinetically Guided Dose Adaptation 1020
	2. Pharmacokinetic-Pharmacodynamic Relationships in Clinical Oncology 1021
	3. Methods of Drug Dosage Adjustment in Clinical Oncology 1022
	3.1 Conventional Method 1022
	3.2 A Priori Dosage Determination Based on Patient Characteristics 1023
	3.2.1 Dose Adaptation According to Renal or Liver Function 1023
	3.2.2 Dose Adaptation in the Elderly 1028
	3.2.3 Dose Adaptation in the Obese Patient 1028
	3.2.4 Pharmacogenetics 1029

	3.3 Dose Adaptation During Repeated or Continuous Administration 1030
	3.3.1 Fluorouracil 1030
	3.3.2 Etoposide 1030
	3.3.3 Methotrexate 1031
	3.3.4 Melphalan 1031
	3.3.5 Busulfan 1032

	3.4 Dose Adaptation with Feedback Control 1032

	4. Conclusions 1032
	References 1033
	Correspondence and reprints 1038
	E-mail 1038

