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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
atan acceptable level. This is particularly important when treatment is being given
with curative intent.

The need for dose individualisation of drugth The obvious goal of considering dose adapta-
a narrow therapeutic index is now well acceptedtion for individual patients is to maximise the
For drugs that do not produce toxicity at dosagegprobability of producing a desired therapeutic ef-
or plasma concentrations close to those requiretect while minimising the probability of a toxic
for therapeutic effects, there is little interest in orevent. With anticancer drugs, this goal is often
need for dose optimisation or individualisation. Inmodified to seek the maximum probability of pro-
these circumstances, patients are treated with dogucing a desired therapeutic effect while producing
ages high enough to ensure that therapeutic comcceptable toxiciti?! So, dose adaptation in clini-
centrations are achieved. In contrast, some drug§al oncology requires us to define relationships
such as antineoplastic chemotherapeutic agent§etween the pharmacokinetics of the drug and its
which frequently produce toxicity at dosages closé®harmacodynamic effects, i.e. antitumour activity
to those required for a therapeutic effect, provideand/or toxicity.
considerable scope for dose optimisation in indi-
vidual patients. 1. Rationale for Pharmacokinetically

When considering candidate drugs for pharmaco- Guided Dose Adaptation
kinetically guided dose adaptation in clinical on-
cology, 2 major criteria must be identifiédiFirst, Because the pharmacokinetics of any one drug
a relationship must be established between plasmae known to be quite variable from one patient to
drug concentration and response: the responsanother, both toxic and therapeutic responses to
must be optimal in the majority of patients whendrug administration are frequently better correlated
plasma drug concentrations are maintained withinvith plasma drug concentrations or the exposure of
a therapeutic range. Secondly, large interpatiernthe patient to the drug [e.g. area under the plasma
variability in distribution and/or elimination of the drug concentration-time curve (AUC)] than with
drug is observed as a result of genetic and/or paththe administered dodd.
physiological conditions. There may also be large On the basis of these criteria, anticancer drugs
differences in the sensitivity of patients to a givenare clear candidates for pharmacokineticgliyded
plasma drug concentration. dosage regimens, but specific problems arise.

Finally, another criterion may be added concern- By contrast with other drugs, pharmacodynamic
ing the technical feasibility of dose adaptation. effects are delayed in clinical oncology: the main
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toxicities (neutropenia, mucositis) are observed lor continuous parameters such as time to progres-
or 2 weeks after completion of treatment and tu-sion or survival. For toxicity, 2 types of parameters
mour response or cumulative toxicities may be seemay also be considered: quantitative parameters
after multiple courses of therapy. such as percentage reduction in leucocyte, granu-
The other important point for anticancer drugslocyte or platelet counts, or semi-quantitative pa-
concerns the relevance of pharmacokirptiarma-  rameters defined by World Health Organization
codynamic relationships. The relevance of the re{WHO) grading?!
lationships between pharmacokinetics and toxicity Mathematical models [e.g. modified Hill (i.e.
and between pharmacokinetics and activity shouldhe coefficient defining the steepneses of the
be viewed in the context of the use of the driglgs: concentration-effect curve) linear, exponential]
for palliative treatment, manageable and predicthave been used to describe pharmacodynamic ef-
able toxicity is a primary requirement. Therefore, fects and to relate them to pharmacokinefics.
pharmacokinetic/pharmacodynamic relationships are
valuable if they can be exploited in order to achieve 2. Pharmacokinetic-Pharmacodynamic
this. In contrast, if curative therapy isibg at- Relationships in Clinical Oncology

tempted, more severe toxicity may be accepted, Relationships between the pharmacokinetics and
provided that the drug is being used to optimal therpharmacodynamics of anticancer drugs have been
apeutic effect, and to achieve this, pharakaeetic/  extensively reviewet:9 Table | illustrates rela-
activity relationships may be useful. tionships between pharmacokinetics and clinical
For anticancer drugs, the relevant pharmacogputcome. Encouraging examples of relationships
kinetic parameters for use in pharmacokinetic/petween AUC and response have mainly been re-
pharmacodynamic relationships are generally AUCported in paediatric oncolo§§22! and different
or plasma drug concentration at steady statd.(C strategies of pharmacokinetically guided proto-
Other parameters are peak plasma drug concentrgols have been proposed by the Saint-Jude Hospi-
tion (Cnay, duration of concentration above a tal team in Memphis, Tennessee in the 339
threshold or AUC intensity. Moreover, examples of relationships between clin-
Pharmacodynamics is here described by eitheical outcome and pharmacokinetics have also been
discontinuous parameters (response, no responsdgscribed in adults treated for solid tumol#g>]

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 Ccss 14
Fluorouracil Head/neck AUC 15
Mercaptopurine ALL RBC AUC 16
ALL RBC AUC 17
Methotrexate ALL Ccss 18
ALL AUC 19
ALL Blast MTX PG 19
Osteosarcoma Chnax 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; C** = 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 ofduce consistent systemic drug exposure. The nomo-
the pharmacokinetic/toxicity relationships for es- gram most commonly used in clinical practice to
tablished agents used in cancer chemotherapy. Theystimate BSA was derived in 1916 by DuBois and
principally concern relationships between haemaDuBoid”®! from only 9 non-obese individuals of
tological toxicity and pharmacokinetic parame- varying age, shape and size. This formula remains
ters[31-641 but relationships between discontinuousthe most appropriate method of estimating BSA. It
parameters and pharmacokinetics have also beemas challenged in 1970 by Gehan and Gdéige

reported (table 11y:2.65-70] who directly measured the skin-surface area of 401
individuals and confirmed the validity of the no-

3. Methods of Drug Dosage mogram. The usefulness of normalising anticancer

Adjustment in Clinical Oncology drug dose to BSA in adults has been ques-

tioned’1.77-80and recently, Dobbs and Twel&ds
and Gurney et a%2 questioned the use of BSA for
Traditionally, anticancer drugs have been standepirubicin dose calculation. A retrospective analy-
ardised to body surface area (BSA) or bodyweightl  sis of more than 300 patients and 9 anticancer
This practice is based on the relatioipsthat exists ~agents showed that normalisation of doses to BSA
between body size (e.g. total bodyweight and BSAWwas of minimal clinical value in achieving consis-
and physiological functions (e.g. cardiac output,tent drug exposure. Since the letter by GrocHéw,
liver or renal blood flow and glomerular filtration the number of drugs for which clearance has been
rate (GFR)73.74The BSA s particularly useful for poorly correlated with BSA (or not correlated at
scaling between species or between infants andll) has grown (see table Il in Guri&y). Despite
adults. The goal of dose standardisation is to prothis clear demonstration, the practice of dosage ad-

3.1 Conventional Method

Table 1. 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 Crmax 66
Neurotoxicity Cmax 67
Cyclophosphamide Cardiotoxicity AUC 12
Docetaxel Myelosuppression AUC 58
Doxorubicin Myelosuppression AUC a7
Epirubicin Myelosuppression AUC 40
Etoposide Myelosuppression AUC,CS® 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; C° = plasma drug concentration at
steady-state.
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Table Ill. 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 Ccss 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 Ccss Obtain maximum likelihood of efficacy
administration and minimum likelihood of toxicity
Mercaptopurine A priori TPMT deficiency Avoid life-threatening toxicity
During repeated Erythrocyte thioguanine nucleotides Control treatment compliance
administration
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; C% =
plasma drug concentration at steady-state; DPD = dihydropyrimidine dehydrogenase; TPMT = thiopurine methyltransferase.

justment to BSA is so widespread that it may beanticancer drugs. While renal dysfunction is easily
difficult to change it to a more rational approach.evaluated by measuring serum creatinine, calculat-
It is necessary to consider that heavy and tall peang creatinine clearance (Gk) or determining
ple, with a large BSA, do not necessarily have aGFR by the isotopic methd#! the impact of
larger liver or kidneys. hepatic dysfunction on drug elimination or meta-
In practice, most agents were used in a dg/mbolism is more difficult to determine. The major
or mg/kg dose recommended for phase Il trialsproblem is that hepatic enzymes and/or serum bili-
This recommended dose is based on the results ofibin levels are not good indicators of metaboli-
phase | clinical trials and its recommendation maysing activity8>86] Moreover, alternating hepatic
involve no pharmacokinetic consideration at all. function tests, such as indocyanine green (a marker
Dose reductions or delays are implemented in thef hepatic blood flow), phenazone (antipyrine) [a
face of unacceptable toxicity, but doses are seldorsubstrate marker for cytochrome P450 (CYP) ac-
escalated in the absence of toxicity. As a result ofivity] or lorazepam (a substrate marker of hepatic
the poor therapeutic indexes of anticancer drugsglucuronidation) have limited value in predicting
this means that patients not showing signs of toxthe pharmacokinetics of chemotherapeutic drugs.
icity are receiving too small a dose. Different guidelines should be proposed accord-
ing to the pharmacokinetic characteristics of the

3.2 A Priori Dosage Determination drug (table IlI).

Based on Patient Characteristics . )
3.2.1 Dose Adaptation According to

i i Renal or Liver Function
Dose adaptation attempts to take into account

the pretreatment patient characteristics known to carboplatin

affect the pharmacokinetics or pharmacodynamics Carboplatin is mainly eliminated by the kidneys,
of a drug. As with other agents, hepatic and renahs indicated by the fact that about 65% of the ad-
function must be explored before administration ofministered dose is recovered in the urine, mostly
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as unchanged carboplatin, 24 hours after adminisin these patients, GFR was either retrospectively
tration. As demonstrated by Egorin et®dl.and estimated by the Cockcroft-Gault equation or
Calvert et al®] the renal clearance of carboplatin prospectively determined b3tCr-ethylene dia-
is related directly to the GFR, but poorly to the mine tetraacetic aci#{Cr-EDTA) clearance. AUC
BSA. The nonrenal clearance consisting of proteinvas then estimated from the total dose of carbo-
and tissue binding represents one-quarter of the tglatin given. This study demonstrated that, for both
tal body clearance when renal function is normaluntreated and previously treated patients, the re-
The total body clearance of carboplatin is highlysponse rate increased as the AUC increased up to 5
variable from one individual to another (range be-mg/ml- min. Afurther increase in the AUC beyond
tween 20 and 200 ml/mire§! this point resulted in little further increase in the
Moreover, the carboplatin AUC to which a pa- 'esponse rate, suggesting that there was a plateau
tient is exposed correlates with carboplatin-inducedn the AUC-response effect. However, further stud-
thrombocytopenia, both when the drug is given ades did not _confirm the.existence. of this_plateau: in
a single agent and when it is given in combination® Prospective randomised frial in ovarian cancer,
with cyclophosphamide, etoposide or paclitaxel.the administration of.chemotherapy to achieve an
Differences were observed between patients pre~UC 0f 12 mg/ml- min every 4 weeks (for 4 cy-
viously treated with chemotherapy and those whdles) was associated with a complete' response rate
were not3U A correlation between duration of ©f 98%, whereas an AUC of 6 mg/athin every 4
leucocyte nadir and carboplatin AUC has also beel/¢€KS forngsggourses produced a response rate of
demonstrated in high dose regiméh&!! and in only'32%[ o o
combination therapy with either etoposide, fluoro- D|ffere.nt approaphes to the deter'mlnatlon of
uracil or paclitaxel, or with both vinblastine and carboplatin dosage'lnt?lude the fOHOW'_ng'
methotrexatd33.34.38.51.63.64]|n different studies, '!'h'rombc.)cyte nadlr. directed dosagauring phase
authors have not been able to demonstrate relatior#-dm'c"’lI tr'lal§,.Ego'r|n et af! devgloped an ap-
ships between carboplatin dose and the degree oach to IndIVIFjua|ISIng carboplatin dosage. They
thrombocytopenia, although a good correlation emonstrated first that the cleargnce of carboplatin
with carboplatin AUC was describ&d:38:51 All was related to the GFR determined byCQLaqd
these data suggest that the AUC in the individuaFecondly that the degrge of thrombocyto'penla was
patient is the most important factor in predicting related to the cgrboplatm AUC. They derived from
the degree of thrombocytopenia and leucopeni these ob;ervatlons a formula by which the.dose of
. : %arboplatln could be calculated on the basis of the
with carpo_platm. . . measured pretreatment gd, the patient's BSA
AUC is indeed an important determinant of the

: . X and the desired thrombocyte nadir. A separate for-
therapeutic effect of carboplatin. Horwich el

: ; ¢ mula was derived for patients previously exposed
studied 78 patients with germ cell tumours of the myelosuppressive therapy.

testis. These patients were treated with a combina-

tion of carboplatin, bleomycin and etoposide. The

AUC for all patients was estimated retrospectively.posagemgim?) = (0.097 S=8 PPCPND 1, D, g6 (Eq. 1)

Relapses occurred in 5 of 8 patients who had an BSAp PPC O

AUC of <4 mg/ml- min. No relapses occurred in where BSA = body surface area, §d= mea-

patients whose AUCs were >4 mg/nmhin. sured creatinine clearance, PND = platelet nadir
The retrospective calculation of AUC has alsodesired and PPC = pretreatment platelet count.

been used to study its effect on myelosuppression In pretreated patients,

and response rate in ovarian cancer. Jodrelll8{ al.

studied a database of 1028 patients with ovariam®osage(mg/m?) = (0.091) Clor TPPC—PND  1005- 170+ 86

; . . ; BSA ;3 PPC 0[O
cancer treated in phase Il studies with carboplatin. (Eq. 2)

In non-pretreated patients,
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This formula was prospectively validated in a variables in determining carboplatin clearance and
study which confirmed that the observed throm-the so-called Chatelut formula permitted carbo-
bocyte nadirs correlated closely with the desiredplatin clearance to be calculated dired#f}:
values®

This formula allows the clinician to calculate
the dose on the basis of a clinical end-point: throm- 2188w (1 - 0.00457hge (1 - (0.314 [yende)]
bocytopenia. However, in some combination re- serum creatinirggmol/L)
gimens, thrombocytopenia may not be the pharma- (Ea. 4)

codynamip end-point that is of interest, .sin'ce where Clearmo= carboplatin clearance and BW
neutropenia may have become the dose-limiting= bodyweight and gender = 0 if male and 1 if fe-
AUC-directed dosageCalvert et al*” have de- This formula showed a little bias and a pre-
veloped a formula to allow a dose of carboplatin togjsion similar to that of th&1Cr-EDTA method.
be calculated in order to achieve a targeted AUC:This approach has been validated prospecti¥@ly.
Dose(mg car boplati= AUC (mg/ml Cinin) x (GFR + 25)(miimin) | HOWEVET, it seems that priori estimation of car--
(Eq.3)  boplatin clearance is highly dependent on the bio-

. . . chemical method for determination of serum cre-
The formula has been validated in a prospective

ini 98,99]
study!®”l In these studies, GFR was determinedatlnlne level _
) . Target AUC of carboplatin in monotherapy and
by isotopic measurement ¥Cr-EDTA clearance. in combined reaimensTaraet AUC must be de-
The feasibility of obtaining rapid and reliable esti- 9 9

o : fined as a function of the combination of drugs
mates of GFR is indeed a problem, particularly . .
. . AT : . “used. When carboplatin was used as a single agent,
when isotopic determination is not in current clin-

. an AUC of 7 mg/mb min could be targeted when
ical use.

- . . . . the patient has never received any chemotherapy.
In clinical practice, estimation of GFR might P y Py

. . In combination with etoposide, cyclophosphamide
be done from plasma creatinine levels using the b yclopnosp

Cockcroft-Gault or Jeliffe equations. Both formu- or vinorelbine, this AUC must be reduced to 5. Be-
las correlate with thelCr-EDTA method. but both cause of a pharmacodynamic interaction between

are biased: they underpredict the GFR for highpachtaxel and carboplatin (decrease obagiatin-

carboplatin clearances and overpredict it for Iowmduced thrombocytopenia), an AUC of 7 mg/ml

CLcr. These biases result in patients being exmin for carboplatin could be reach@#:00 10%Fi-
CR- - . .

. nally, when the patient has been previously treated,
posed to a lower AUC than expected when their y b b y

; i AUCs of 5 and 4 mg/mlmin were recommended
GFR exceeds 60 ml/min, or to a higher AUC when. : o i
their GFR is below that figure. The degree of un-m monochemotherapy and in combination, respec

2 . tively.[1921 The use of these different approaches
derprediction Increases as the G.FR |ncre§§@§: for dose determination was not valid for low AUC
Another possibility for estimating GFR consists

values (<2 mg/mimin) which were targeted when
of 24-hour urinary creatinine. This biochemical ( d ) d

o . ) _ carboplatin was combined with radiother&s!
determination results in some discrepancies due to

the difficulty of obtaining the 24-hour urinary col- Etoposide
lection accurately. Etoposide, a semi-synthetipipodophyllotoxin,
Finally, the approach of using population phar-is one of the more commonly used anticancer
macokinetics of carboplatin has been attempteddrugs. The toxicity of this drug has been shown to
investigating the relationship between carboplatinbe regimen-dependent. Its pharmacokinetics have
clearance and a number of factors including thebeen intensively studied in a wide variety of patient
plasma creatinine level. Age, weight, sex and segroups given different regimens alone or in com-
rum creatinine level were significant independentbination with other chemotherapeutic agefd?4!

CL carno(ml/min) = 0.134(BW +
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The pharmacokinetics of etoposide are linear ovethese patients by at least 30% is essential to avoid
a large range of doses. The drug is extensivelyncreased toxicit}A13]

bound to plasma protein and elimination is by both

renal and biliary pathways, mainly as unchanged Taxanes

etoposide. Relationships have been established be- Paclitaxel is a diterpenoid taxane derivative. Its
tween total or free etoposide AUC and neutropeniadose-limiting toxicity is neutropenfg 31141154t
which represents the dose-limiting toxicity iono-  displays nonlinear pharmacokinetics, especially at
chemotherapy or in combinatié:45.105.10650me ~ Shorter infusion times and at high dos€$!

considerations have been published concerning thE€Patic metabolism and biliary excretion are the

dose individualisation of etoposide based on pa_most important elimination routes of this drug and

tient characteristics: its metabolites. In humans, the total faecal excre-
(1) Itis clear that patients with impaired renal func-toN iS approximately 70% of the paclitaxel dose,

tion as measured by serum creatinine levels greatd}ith 6a-hydroxy-paclitaxel being the major com-

. L i i 117] i -
than the normal range experienced S|gn|f|cantlyponent in most patients: . Thus, it can be ex
worse haematological toxicity than patiemtith pected that the pharmacokinetics and pharmacody-

normal renal functiofi®”) A dose reduction of namics of paclitaxel differ in patients with altered

approximately one-third would correct this in- hepatic function. Some fragmentary reports have

crease in AUC and result in a drug exposure Sim”agemonstrated that paclitaxel can be safely given at

. . . : normal t tients with mild liver func-
to that in patients with normal renal functiGf. ormal doses to patients d liver dysfunc

S tion (normal bilirubin and transaminases less than
This figure was based on a cut-off of serum creat-, . .. : .
- ) ) 10 times normal values). In patients with abnormal
inine (i.e. 130pumol/L). Moreover, a population

L ) ) bilirubin levels, ideline has b di
pharmacokinetic study performed in 100 patlentstr:érﬂté?ai\:zlslsggo]gu' eline has been proposed in

proposed a formula to detf-:-rmine the decrea_se_ "N Docetaxel is another new semisynthetic taxoid
renal clea_rance as a function of serum Creatlnln%vith a high activity in different solid tumours. Its
levels. This population approach proposed a rela;.

) . o limiting toxicities consist of neutropenia, periph-
tionship between serum creatinine levels and etop-

. X ral neurotoxicity and oederfid] Docetaxel ex-
oside clearance. Consequently, a more rational ad-

i . c ibits linear pharmacokinetics characterised by a
aptation of etoposide QOSage was proposed in th§-compartmental model. It is mainly eliminated by
case of renal dysfunctid#®l

- ) ) . metabolism and biliary excretion and the propor-
(2) In the case of liver impairment, different types o of the dose excreted in urine is only 10%.

of patients must to be considered: the role of therpgrefore, the pharmacokinetics of this drug are
liver in etoposide clearance may actually be as imnot affected by renal impairment. Moreover, in phase
portant as renal clearance, with the recent obsefi-ang || clinical trials, a good correlation was found
vation that approximately 50% of an intravenouspetween docetaxel AUC and neutropd?ia?2Pop-
dose of“C-labelled etoposide was recovered in theyation pharmacokinetic/pharmacodynamiacses
faeces of cancer patierit8? Moreover, itisimpor-  of single agent docetaxel were prospectively per-
tant to take into account the impact of liver dys-formed in 547 patients entered in several phase |l
function on serum albumin levels. In patients withclinical trials. They demonstrated that docetaxel
hyperbilirubinaemia, Stewart et &t%!12lhave  clearance was highly correlated with BSA, justify-
reported that serum bilirubin influences proteining a dosage for that drug calculated in nmg/m
binding, probably by displacing etoposide: free Moreover, the population studies have identified 5
etoposide is increased in patients with raised bili-covariables (age >70 years, hypoalbuminaemia,
rubin or liver enzymes due to decreased hepatielevation ofaj-acid glycoprotein, lowal-acid
clearance, and in patients with decreased serum afflycoprotein levels and elevated levels of the
bumin due to reduced binding. Dose reduction inliver enzymes ALT and ASWhich are predictive

O Adis International Limited. All rights reserved. Drugs 1998 Dec; 56 (6)
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for areduced clearance. As a correlation was founéls are above the upper limit of normal, the epi-
between docetaxel clearance and the risk of sevemibicin dosage must be reduced by approximately
neutropenia, these parameters allow us to identifyalf.

patients with high risk of severe neutropenia and
consequently a rational dosage reduction has been
proposed>®

Topotecan
Topotecan, an analogue of camptothecin, is an
inhibitor of DNA topoisomerase |. The urinary
recovery of topotecan ranges from 40 to 70%, sug-
n. gesting that renal excretion is the primary clear-
" ance pathwait29-1311 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
dopotecan and Cdg. In patients with mild renal
dysfunction (Cleg ranging from 40 to 59 ml/min),
dpo dose adjustment is required. By contrast, in pa-

Anthracyclines

The anthracycline antibiotics, daunorubici
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 aglycon
metabolited!23-125 The urinary excretion of these
compounds and their metabolites, measured for 4 of ) ) -
5 days following drug administration, accounted €Nts With moderate renal impairment (§gLof

<40 ml/min), a dose reduction of one-half of the

for less than 20% of the dose. Consequently, there ] 2] ) h .
is no pharmacokinetic basis for the dosage adjust@0S€ 1S necessai? In patients with hepatic dys-

ment of the anthracycline antibiotics in the pres-'Unction, the nature and severity of treatment-
ence of impaired renal functidif! induced toxic effect; a.nd the pharmacoklnetlc_s

In the case of impaired hepatic function, REfh of topotecan were S|m|lar. to thqse observed in
proposed guidelines for doxorubicin dosage reducpat'ents. with nor_m.all hepatic function. Capcer pa-
tion as a function of serum bilirubin level and se-U€NtS W'.th hepatic injury can .be t3r]eated with topo-
rum liver enzyme level: when bilirubin levels ex- tecan without dose modificatidt?
ceeded 12, 30 or 50 mg/L, respectively, it was oxazophosphorines
recommended to reduce the doxorubicin dose by Oxazophosphorines are alkylating agents that
50 or 75% or to stop altogether. need to be metabolised to active compouf#d33e!

A recent article by Twelves et @t disagreed Since the enzymatic activation of cyclophospha-
with these guidelines: if a systematic relationshipmide and ifosfamide occur mainly in the liver, he-
exists between raised biochemistry liver tests angbatic dysfunction may, in theory, disturb the meta-
reduced doxorubicin clearance, the authors recbolism of these drugs and consequently diminish
ommend a dose reduction to 50% in patients witithe cytotoxic efficacy of the drug?® However, as
a raised level of bilirubin and a dose reductiona result of low renal clearance of cyclophospha-
to 75% in patients with both elevated aspartatenide and activated cyclophosphamide, more than
aminotransferase (AST) and bilirubin levels. Con-80% of the drug is metabolised even in patients
cerning epirubicin, a study by Twelves ef'a#]  with hepatic dysfunction, and the exposure of pa-
demonstrated a relationship between liver bio-tients to activated cyclophosphamide was unchanged
chemistry, in particular serum aspartate transamiin these patients. While no specific studies have
nase (AST) levels, and epirubicin pharmacokinetbeen done with ifosfamide, it is reasonable to as-
ics. Serum AST may be the best indicator rathesume that the metabolism of ifosfamide will be
than bilirubin levels for dosage adjustment: whensimilarly affected.
the level is above the upper limit of normal with a Dosage adjustment of ifosfamide in the pres-
normal bilirubin level, a dose reduction of approx-ence of impaired renal function is indicated be-
imately one-third would correct this decrease incause of the increased risk of CNS toxicity and
epirubicin clearance; when AST and bilirubin lev- significant renal excretion of alkylating activity fol-
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lowing ifosfamide administration. Dosage reduc- 3.2.2 Dose Adaptation in the Elderly
tion was also recommended in patients with renal The question whether age is a cause of modifi-

failure receiving cyclophosphamidfé! cation of pharmacokinetic parameters has received
no clear and general answ&¥! In fact, aging
Vinca Alkaloids cannot be considered as an independent feature,

Vinca alkaloid derivatives (vincristine, vinblas- and is characterised by a conjunction of physiolog-
tine, vindesine, vinorelbine) are not excreted sig-cal alterations that may or may not occur together:
nificantly in the uriné!4% No dosage adjustment hypoalbuminaemia due to poor nutrition, reduction
is necessary for vinca alkaloids in patients with re-of hepatic or renal blood flow, comedications,
nal impairment. Different studies have shown theetc[1#8l Recently, age was identified as the patient
impact of liver disorders on the pharmacokineticsfeature which had the greatest impact on fluoroura-
of vincristine. Reduced clearance was associatedil clearance compared with other covarialé3.
with raised serum alkaline phosphatase, but n®nly relatively few specific studi€87.150-154have
guidelines for dosage adjustment have been prdseen performed concerning the pharmacokinetics
posed. This decrease in clearance was associatefl anticancer drugs in elderly patients. It therefore
with the development of neurotoxicifiy:1411 appears that dose adaptation as a function of indi-

Vinorelbine is a vinca alkaloid extensively used vidual physiology is better than adaptation as a
in metastatic breast cand&?! Its pharmacokinet-  function of chronological agé*!
ics have been studied in breast cancer patients with
liver metastases. Vinorelbine clearance was signif- 3.2.3 Dose Adaptation in the Obese Patient
icantly reduced in patients with massive metastatic As mentioned in section 3.1, anticancer doses
liver involvement (>75% of liver volume replaced have been standardised to BSA. Selecting drug
by tumour) and high levels of bilirubin, transami- doses can be a challenging decision for the clini-
nases and~glutamyl transferase. Moreover, its cian when treating a patient with cancer who is
clearance is significantly correlated with the mono-significantly overweight. If total bodyweight is
ethylglycinexylidide test &= 0.7; p < 0.0001) used to determine BSA, calculated doses can be as
which might be useful for individualisation of the much as 25 to 30% higher than if ideal bodyweight
vinorelbine dosage. In any case, these patients witls used, with the potential for severe toxicity. No
large metastatic liver involvement should receivedosage guidelines have been established for obese

reduced dose$*3! patients receiving cancer chemother&psl.How-
ever, a limitation of calculated BSA at a level of
Melphalan 2.2n? is usually recommended. The physiologi-

Melphalan is an alkylating agent used in thecal changes that occur in obese individuals and
treatment of multiple myelomi&#4 Renal dysfunc- their effects on drug disposition have been re-
tion during the course of the disease occurs in theiewed!”1571They include increases in blood vol-
majority of patients. The drug is both secreted andime, cardiac output, lean body mass, organ size
reabsorbed by the renal tubules. The mean urinargnd adipose tissue mass. A few studt€360have
excretion of unchanged melphalan ranges from 1%eported the influence of body fatness on the phar-
to 98%. Some studies have recommended a doseacokinetics of antineoplastic drugs. These stud-
reduction in patients with renal impairment, and aies collectively suggest that differences exist in the
positive correlation of melphalan clearance withpharmacokinetics of anticancer agents between pa-
GFR has been reportéd® however, in other stud- tients with normal bodyweight and obese patients
ies, no such correlation was foutf! A careful  but these differences may be difficult to identify
follow-up of haematological toxicity and possibly and characterise adequately, given that 5- to 10-
a dose reduction of melphalan are proposed fofold ranges in anticancer drug clearance are com-
myeloma patients with renal impairméHg:146] monly reported in the absence of obesity. Finally,
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obesity must be taken into account when predictingion. Individualisation of mercaptopurine dose,

the clearance of drugs such as carboplatin. Benezéased on TPMT activity, is a good example of the
et all'61) demonstrated that actual bodyweight mustuse of a patient characteristic to optimise drug ad-
be balanced by ideal bodyweight to estimate clearministration.

ance using the Chatelut formula. Many anticancer drugs are extensively metabo-
_ lised by CYP enzymes, specially the isoenzymes
3.2.4 Pharmacogenetics CYP3A4 and CYP2C8: cyclophosphamide, ifosfa-

Recent developments in th(_a field of pharmaco-mide,[35] taxol[175] docetaxell 76l irinotecari:”" epi-
genetics should also be noted in the context of dose

- 178] . - 40]
adaptation. Some drugs require metabolism to b odophyllotoxin8’ and vinca alkaloid8*! Even

activated or inactivated. Some enzymes involveothOugh there is Ino ewde_n(t:)(?:-rofhpoli)morphllosm |nd
in the biotransformation have polymorphic expres-t ese enzymes, large variability has been observe

sion. Therefore, assessing enzyme activity (i.e. phdl! humans. Moreover, significant clinical interac-
notype) or gene mutations (i.e. genotype) could he”SIOHS have been described due to inhibitors or acti-
to predict optimal dose regimens. vators of these enzymes in clinical oncol&g§l
Fluorouracil is catabolised into dihydrofluoro- FOr €xample, the concomitant use of anticonvul-
uracil (5SFUH) by dihydropyrimidine dehydroge- Sant drugs with paclitaxel led to an increase of the
nase (DPD). Patients who are genetically deficienfnaximum tolerated use of paclitaxel because of a
in this enzyme are at particular risk of life-threat- modification in the metabolism profil&]
ening toxicityl’62] The gene for DPD has recently ~ The UDP glycosyltransferases (UGTs) represent
been localised to chromosome 1p22, and at least superfamily of enzymes that catalyse addition of
one mutation has been identifiéé-165 For all  the glycosyl group from a nucleotide sugar to a
other patients who are not genetically deficient,hydrophobic molecul88 This is the case for ir-
there seems to be no case for adjusting doses on tiibtecan, an anticancer agent used in the treatment
basis of the variations in the normal levels of thisof colon cancer, which is activated by a carboxyl-
enzymel166-168] esterase to form the active metabolite SN-38, a po-
Mercaptopurine is used in conjunction with tent inhibitor of topoisomerase. SN-38 is further
methotrexate as maintenance therapy in Chimhoo@onjugated by UGTS82l Recently, lyer et dt83l
acute lymphocytic leukaemia. The influence of phar-eyealed that the UGT 1A1 isoform is responsible
macogenetics and variability in metabolism of thes, the glucuronidation of SN-38. This same iso-
pharmacology of mercaptopurine is now well doc-o conjugates bilirubin or several endogenous

169] i ici i - X K
umented:°%I This drug is inactivated iymethy! substrates. Moreover, when hepatic microsomes

ation, a reaction catalysed by the enzyme thiopur; . . Naii i
ine methyltransferase (TPMT). A polymorphic from patients who have Criggler-Najjar type | syn

variation in the activity of this enzyme has beendrome were incubated with SN-38, a very impor-

described and 3 populations can be defitfet$9-174] tant .def'CIt n glgcuron!dano'n. was observed, Sug-
Deficiency in TPMT, owing to homozygosity for gesting a genetic predisposition to the metabolism

low TPMT, is quite rare (L in 300), but can lead toOf i_rir_10tecar_1 and an inc_reased risk of irinotecan
pronounced toxicity. TPMT activity varies widely tOXiCity. This was confirmed by the study by
in the subpopulation who have intermediate TPMTWasserman et &4 which showed that patients
activity and can be related inversely to formationWith Gilbert syndrome treated with irinotecan ex-
of the active 6-thioguanine nucleotide (6-TGN) Perienced a severe toxicity. These authors suggest
metabolites and therapeutic response. Finally, homdhat unconjugated serum bilirubin could be a pre-
zygotes for high TPMT activity may be resistant todictive parameter for irinotecan toxicity. Other
mercaptopurine therapy and can tolerate high dosesuthor§'8% supported the idea that individualisa-
of the drug, without experiencing myelosuppres-tion of irinotecan dose by gene diagnosis would be
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better than phenotyping of UGT 1Al by determi- response was observed in patients with dosage ad-

nation of bilirubin. justments even though no upward adjustment was
made. A subsequent study showed that response
3.3 Dose Adaptation During Repeated rate and patient survival are highly correlated with
or Continuous Administration fluorouracil AUC but not with the dod&! In

another study, patients with metastatic colon can-

of dose adaptation. The time to react d2pends cer were t.reated .W'th fluorourgcn by continuous
. . ... infusion with or without semustine and responses
on the drug under consideration. For drugs with

1-compartment pharmacokinetics, 90% of tité C to chemotherapy were founéj tq be rglated to the
; o . extent of systemic exposut€®! Finally, in a ran-
is reached within 3.3 half-lives. When a stable : . .

ST : omised prospective study which compared con-
plasma concentration is reached and determined, |

is possible to modify the infusion rate for the re_ventlonal dosage versus pharmacokinetiqgiied

0] i
mainder of the course of treatment if a relationshipdosage’ Fety et & demonsrated that patients

has been established between thisgbd a phar- with qdva_nced head and qeck cancer tr.eated with a
. . . combination of fluorouracil plus cisplatin by con-
macodynamic end-point. This methodology has; ) ) : o
: . : g inuous infusion benefit from individual pharma-
been used for continuous intravenous infusions o

. . L cokinetic monitoring.
fluorouracil and etoposide. However, it is also ap- This approach could not be used in patients who
plicable to repeated oral administration of drugs PP P

such 2 etoposid or 1o repeated weekly invaye?**°8 172 119 By ravenoue bows because of
nous administration of fluorouracil or cisplatin. y P : ’

Another possibility for dose adaptation consists® dosage-adjustment strategy has been established

L . by Gamelin et dl8! for treating patients with meta-
of administering a low test dose of an anticancer_; ° o

; o static colorectal cancer with intravenous bolus doses
drug to determine exactly the pharmacokinetic pa-

rameter for the individual patient, and then modi_ofﬂuorouracn. Ina prospective phase || study, they

fying the dose to obtain a target AUC. Such ashowed that a weekly 8-hour intravenous infusion

method has been used for methotrék&eand mel- of high dose fluorouracil (1.3 gnwith folinic
phalan(#3 acid produced the best response rates with accept-

able toxicity when plasma concentrations were be-
3.3.1 Fluorouracil tween 2 and 3 mg/L. The acute toxicity, whatever
Fluorouracil is one of the oldest drugs used inthe type, was correlated with plasma fluorouracil
cancer chemotherapy. Despite its extensive use idoncentrations higher than 3 mg/L and not with
the treatment of breast cancer and gastrointestinahe dose. This dosage adjustment led to an increase
tumours, its pharmacokinetics remain complex bein dose intensity of flurouracil in metastatic colo-
cause of the existence of both dose and time deectal cancer.
pendence. A relationship was demonstrated be- |n a multicentre phase Il prospective trial, the
tween toxicity and the exposure of patients to thesame author confirms that individual dose adjust-
drug when it was administered by continuous in-ment with pharmacokinetic monitoring (dose
fusion for 3 to 5 days in association with cisplatin ranging from 950 to 3400 mgAfweek) provided

in patients with head and neck cané&Thyss et  high survival and response rates with good toler-
all'® have shown that the AUC obtained at mid- apility.1190]

cycle predicts the incidence of fluorouracil-induced

stomatitis. Consequently, nomograms have been de- 3.3.2 Etoposide

veloped to adjust the dose of fluorouracil based on The phase-specific nature of etoposide cyto-
its plasma concentrations. Adaptation of the doseoxicity is now well documented and its regimen-
at mid-cycle resulted in a decrease in the incidencéependence in the clinical setting has been clearly
of stomatitis from 20 to 12%. In addition, a better demonstratef21.192 Pharmacokinetic studies per-

Protracted infusion offers a very simple method
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formed during these clinical trials also suggested Another alternative for continuous exposure to
that plasma etoposide concentrations associdtad — etoposide was the use of the oral formulatf#°!
haematological toxicities (2 to 3 mg/L) wérgher  However, the inter- and intrapatient variability in
than those associated with antitumour activity (1 tobioavailability with oral etoposide is likely to con-

2 mg/L). Despite the limited stability of etoposide tribute to the unpredictable toxicity seen in some
in agqueous solution, several groups have investiPatientsi*%l This makes the estimating of total
gated the use of continuous infusion of etoposideSYStemiC exposure over a course of treatment, or
Stewart et abll demonstrated that the dose-limit- d0S€ optimisation in individual patients based on
ing toxicity of etoposide (neutropenia) is highly AUC or a specific plasma concentration, difficult

. . i 196,197]

correlated with the degree of systemic exposure of° achieve:
unbound drug. Hence, they described the use of 3.3.3 Methotrexate
adaptive control to optimise dosage in individual ~Methotrexate is an antifolate that has been used
patients by targeting specific white blood celliats ~ for many years in the treatment of solid tumours
using the patients’ own plasma etoposide concenand childhood leukaemia. Plasma drug concentra-
tration 24 hours in a 72-hour infusi@q6.1931  tions have been shown to be the best predictor for
Hence, etoposide dosage regimens were optimisegieéthotrexate toxicity. Consequently, the monitor-
on the basis of plasma etoposide concentration§'d Of methotrexate concentrations in plasma is
measured after 24 hours of a 72-hour infusion and©W routinely performed to predict which patients
the correlation between plasma etoposide concer\(’jl”II requrr]g fol|r_1(|jc %(;gc_lzorgschue and ;0 adar[:]).t Lhe
trations and neutropenia. Using this approach, pa-Ose of this antidote: , T € use ot very hig
tients with individualised dosage received Ondoses of methotrexate in children with osteosar-
average, 32% more drug but with no more tox,icitycoma has stimulated the development of a test dose

; . for determining the dosage necessary to reach a
than patients with standard dosage.

R v, Joel et 4411 h develoned h plasma concentration of #0mol/L for a 36-hour
ecently, Joel et &7 have developed another ;¢ sion or of 163 mol/L for an 8-hour infu-

strategy based on a target Gf etoposide after a sion[186,201]

loading dose administered prior to a 5-day contin-  pasients with acute lymphoblastic leukaemia who
gous |.nfu3|on'. Haematologlcal toxicity was.hlgher had a Gsof less than 18 10-3mol/L were at higher

in patients with a &reaching 3 mg/L than in pa- yisk of relapse but this appeared to be most relevant
tients with a figure of 2 mg/L. Equally important jn patients with poor prognos&8] and other au-
was the demonstration that tumour response Waghors have reported an association between plasma
similar in the 2 cohorts of patients with small-cell pharmacokinetics and event-free survitgés:203]

lung cancer. Moreover, the target®@as reached More recently, cellular levels of methotrexate and
with a very low confidence limit. Such differences its polyglutamated derivatives have been measured
between toxicity and tumour response as a functiomand related to clinical effect. Polyglutamated intra-
of plasma concentrations have been reported bgellular metabolites of methotrexate are more ac-
Kunitoh et a4 and Minami et a*®! when they tive inhibitors of the target enzyme dihydrofolate
used a 14-day infusion of etoposide. Therapeuti¢deductase than the parent compound. Large inter-
monitoring of infused etoposide is feasible andand intra-patient variation in the concentrations of
helps to overcome problems associated with pharithese polyglutamates has been reported, but there
macokinetic variability. The difference between IS Some indication that this relates to tumour re-
the doses required for obtaining maximum anti-SPONSe in patients with leukaenffig?o+ 20!

tumour response and toxicity suggest that these 2 3 3.4 Melphalan

pharmacodynamic effects may be associated with The pharmacokinetics of this alkylating agent
the maintenance of target plasma concentrations.have been studied in depth. The use of a test dose,
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with or without a Bayesian estimate of pharmaco-during treatment the pharmacokinetics of the drug
kinetic parameters, permitted the individualisationbeing used are estimated by a limited sampling
of dosages for subsequent courses of therapy. Moratrategy and compared with those predicted from
over, a correlation was demonstrated between myehe population model with which dosage was initi-
losuppression and melphalan AUC, providing someated. On the basis of the comparison, more patient-
justification for the use of a pharmacokinetically specific pharmacokinetic parameters are calculated
guided dosage for this drif§:4! and dosage is adjusted accordingly to maintain the
3.3.5 Busulfan target CS or exposure of the drug to produce the
N desired pharmacodynamic effect. Despite its math-

High dose busulfan is used in conditioning re- tical lexity. thi h be th I
gimens before allogenic or autologous bone marshatical compiexity, this approach may be the only

row transplantation (BMT) in adults and children. way to deliver th2e16(]:ie5|red precise exposure of an
Several studies have established the wide inter- an%ntlcancer drug:

intra-patient variabilities in high dose busulfan dis-

position[65.206-2081Some factors of variability have 4. Conclusions

beenidentified: age, alteration in hepatic functions, o
disease, circadian rhythm and drug interactions, Aknowledge of drug pharmacokinetics and phar-

Hepatic veno-occlusive disease (HVA3706-208] macodynamics has contributed to the optimisation
is a frequent life-threatening toxicity in patients of drug development and to the treatment of pa-

. - . tients in several non-oncological therapeutic areas.
undergoing BMT after the administration of a reg- ; S i
. L . The routine use of pharmacokinetic methods in de-
imen containing high dose busulfan. In adults,

pharmacodynamic relationship has been estaat_ermining the dosage of carboplatin, methotrexate,

lished between a hiah svstemic busulfan ex Osurfluorouracil or etoposide indicated that such op-
and the occurrencegof |—3|/VOD Moreover Slgtter fimisation is also possible with chemotherapeutic
et all2% demonstrated that busulfarfscf<900 yagents. For these drugs, the concept of AUC-based

’ L Co . dosage has been validated since toxicities are
Hg/L) was the only staﬂsfﬂcally significant determi- clearly related to the AUC. Moreover, it seems
nant 9f relap;e n patler)ts treated by B.MT f.orlikely that therapeutic efficacy is also related to
chronic myeloid leukaemia. By contrast, in chil-

dren, before the prospective evaluation of busuh‘arf‘UC although further clinical trials are necessary
' o clearly establish this point. The use of AUC-

dosage adjustment, further studies are required tB S L
. . ased dosage to compensate for variations in elim-
demonstrate firmly the existence of a pharmaco-

) . L . ination and/or distribution between and within in-
dynamic relationship in terms of toxicity and allo-

: . . dividual patients is a desirable practice. Whereas
geneic engraftment, especially when busulfan i

. . . . %herapeutic drug monitoring in all patients is im-
combined with cyclophosphamide. The maX'mumpractical, the routine use of BSA for calculating

tolerated and minimum effective AUCs in children .
. . ) the dosage should be avoided and other methods
undergoing BMT are likely to depend mainly upon . . .
. . ; investigated which are based on the pharmacolog-
the disease, the nature of the combined high dose - :
regimen and the type of BM310-215] iIcal characteristics of the drug but also mainly on
' the characteristics of the patient. In these condi-
tions, the proposal from Gurn&$l concerning a
non—-BSA-based dosage calculation method de-
The approach of adaptive dosage with feedbackined by 3 mandatory steps (prime dose, modified
controlis the most complicated and complethnd.  dose and toxicity-adjusted dose) should be evalu-
In this approach, population-based predictive mod-ated prospectively. This dosage adjustment approach
els are used initially, but allow the possibility of does not necessarily require pharmacokinetic con-
dosage alteration based on feedback revision. Pa&iderations. But the identification of patients’ fea-

tients are initially treated with a standard dose andures predictive of drug pharmacokinetics would

3.4 Dose Adaptation with Feedback Control
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allow the clinician to rationally choose the dosage 11-

of the first treatment cycle. Moreover, by follow-

ing these features, it will be possible to anticipate12.

intrapatient pharmacokinetic variabilities which

should be taken into account with the observedia.

toxicity in the calculation of subsequent dosage.

Moreover, if the principle of increasing doses to 14,

the point of toxicity in the curative situation should

be widely accepted, determination of the actual ex-;5
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 therapiic 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.

21.
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