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Introduction

Optimising chemotherapy dose density and dose intensity: new
strategies to improve outcomes in adjuvant therapy for breast cancer
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Efficacy is the priority in the administration of adju-
vant chemotherapy to patients with breast cancer.
However, haematological toxicity is commonly encoun-
tered with many cytotoxic regimens and is usually the
reason for the clinical practice of reducing the dosage or
delaying the administration of the next cycle of che-
motherapy [1,2]. Either approach will reduce the dose
intensity of treatment. The procedure will achieve some
reduction in acute toxicity, but at the expense of a pos-
sible loss of therapeutic effect.

Curative treatment of most tumour types is based on
the administration of multiple cycles of regularly sched-
uled chemotherapy. These principles are derived from in
vitro studies in experimental tumour cell lines, animal
xenograft models, and mathematical modelling of the
tumour response. The growth of human breast tumours
can be modelled by ‘Gompertzian® kinetics. In simple
terms, this means that the proportion of cells killed is
greater when the number of cells present is low, but also
that the tumour regrowth is more rapid when cell num-
bers decrease. Mathematical modelling of tumour cell
kill and regrowth based on ‘Gompertzian’ kinetics and
validated by clinical data has been elegantly proposed
by Norton to show the effect of varying the dose and
intensity of cytoreductive agents [3]. The model can also
be viewed as an illustration of the consequences of
chemotherapy dose reduction and delay. In the Ridge-
way osteosarcoma model in rodents [4], a reduction in
dose intensity of cyclophosphamide and melphalan
decreased the cure rate without affecting the rate of
complete remission. Whilst animals can never model
perfectly the human situation, the clinical message from
this would be that apparently satisfactory results in the
short term following ad hoc dosage adjustment may be
obscuring a loss of long-term survival for the patient.
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Dose intensity is a function of dose and frequency of
administration. Hryniuk and colleagues defined dose
intensity as the amount of drug delivered per unit of
time (mg/m?/week), and applied it retrospectively to
show a clear relationship between dose intensity and
outcome in breast cancer patients, from various clinical
data using differing doses, schedules and cycles of chemo-
therapy in both adjuvant and metastatic settings [5,6].
They also proposed the concept of relative dose inten-
sity (RDI), in which the amount of drug administered
per unit of time is expressed as the fraction of that used
in the standard regimen [7]. More recently, Hryniuk and
coworkers have proposed a single scale which they have
used to compare dose intensities of different chemo-
therapy regimens in breast cancer, known as summation
dose intensity (SDI). The SDI is made up of unit dose
intensities of single agents that produce a specified
response rate. When dose-intensity trials of adjuvant
chemotherapy or in metastatic disease were analysed, it
appeared that positive and negative trials could be dis-
tinguished according to whether a particular increment
in SDI units had been achieved between the treatment
arms [8].

Despite the fact that chemotherapy dose reduction
and delay feature routinely in clinical trial protocols, it
is only in recent years that relative or received dose
intensities (RDIs) have begun to be commonly reported
as part of clinical trials. When assessing the effectiveness
of a particular protocol, it is clearly important to know
the influence of dose reductions and delays by using a
variable such as RDI, in order to judge if the trial is a
valid comparison of the specified regimens or if sub-
optimal doses have been administered.

1. The effect of dose intensity on outcome

Dose intensity has been shown to correlate with out-
come in prospective clinical studies in various tumour
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types, including breast cancer [9-11]. The potential for
such a relationship was illustrated by an observation by
Bonadonna and colleagues in their follow-up of the
study comparing adjuvant cyclophosphamide, metho-
trexate and 5-fluorouracil (CMF) chemotherapy plus
surgery with surgery alone in breast cancer patients [12].
Dose reduction was employed routinely in the case of
toxicity or for older patients. Over a 20-year follow-up,
patients receiving less than 85% of the intended dose
appeared to have a markedly poorer survival. The effect
in clinical practice may be more pronounced; it has been
estimated that the CMF regimen is used in the commu-
nity at approximately half the dose intensity originally
shown to be effective [2]. Moreover, in a recent review,
Goldhirsch and colleagues observed that strategies
which result in a lower dose intensity provide inferior
results in both the adjuvant setting and in metastatic
breast cancer [13].

2. Haematopoietic growth factors (HGFfs)

Recombinant HGFs such as granulocyte colony-
stimulating factor (G-CSF) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) have advanced the
use of chemotherapy. By increasing neutrophil count
recovery and shortening the duration of the nadir neu-
trophil counts induced by cytotoxic chemotherapy, their
use can reduce the incidence and duration of complica-
tions such as the infections associated with neutropenia,
with potential savings in resource utilisation. The 1994
ASCO practice guidelines on the use of HGFs recom-
mend secondary administration, or secondary prophy-
laxis, to protect against new episodes of febrile
neutropenia or chemotherapy dose modifications in
subsequent cycles of treatment in patients who have
experienced one of these complications in an earlier
course [1]. Primary prophylaxis with CSFs (covering all
cycles of chemotherapy) is recommended when the risk
of febrile neutropenia is expected to exceed 40% [1].

Support with HGFs has been widely employed to
evaluate the effect on outcome of intensified chemo-
therapy schedules by removing the obstacle of dose-
limiting neutropenia [14]. Perhaps most importantly, the
reduction in acute toxicity permits administration of the
next cycle of chemotherapy at the planned dose and on
schedule, with the intention of optimising outcome.
Several studies have confirmed the feasibility of this
approach, with higher dose intensities being achieved in
patients receiving treatment with r-metHuG-CSF [15-
17]. A study showing improved disease-free survival
with adjuvant chemotherapy supported by r-metHuG-
CSF is reported in this supplement by Untch and col-
leagues [14]. Whilst dose (intensity) was not the only
variable, the intensified regimen proved effective and
feasible. It is important to remember that the support of

dose-intensified chemotherapy is not an approved indi-
cation for CSF use, although they are usually included
in clinical trials of such strategies. In addition, whilst
they are effective in preventing neutropenia and its
complications, other unrelated toxicities may in turn
become dose limiting.

In many countries, physicians are working in an
increasingly cost-constrained environment and addi-
tional treatments such as HGFs have to be justified on
the grounds of cost-effectiveness. This means that the
additional costs of treatment have to be measured in
relation to the outcome of therapy. Of course, not every
patient will experience the depths of neutropenia that
cause infectious complications or chemotherapy dose
modification. For example, in Bonadonna’s study [12],
approximately one-third of patients received reduced
doses of CMF chemotherapy because of haematological
toxicity.

Early identification of patients at high risk of dose
reduction and delay would be an important and rational
way to use recombinant G-CSF support to ensure
delivery of planned dose on time. There is little pro-
spectively validated information on pretreatment risk
factors predictive of postchemotherapy neutropenic
complications. However, the utility of risk modelling to
identify those patients most likely to benefit from the
rational application of recombinant G-CSF to support
optimal chemotherapy is presented. It is hoped that this
approach to improving delivery of chemotherapy at the
planned dose on time will improve overall clinical out-
come at a reasonable cost.

Hence, when chemotherapy is given with curative
intent, we believe that it is important to avoid reduc-
tions and delays in chemotherapy if the best possible
outcome is to be achieved. We shall discuss how future
advances in adjuvant chemotherapy may achieve these
goals, including dose intensification and the develop-
ment of new chemotherapeutic regimens.
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