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One of the success stories in chemotherapy
has been the development of anthracycline
drugs, such as daunorubicin, as anti-

neoplastic agents [1]. These have been used
against in acute lymphoblastic leukemia (ALL) in
children, and have made it a manageable disorder
that in the majority of cases (>80%) has resulted
in cure. But inevitably there is a price to pay when
it comes to side effects of cytotoxic chemicals used
as drugs. In addition to the immediate effects of
strong chemotherapeutic regimes, there can be
incipient damage to vital organs such as the heart
that are not so self-evident. Occasionally such a
manifestation as cardiac toxicity can become apparent during
treatment or immediately after it. But there is an intermediate
response more usually occurring a year so later rather than at
an early stage, and then the possibility of late responses a
decade or more afterwards becomes increasingly apparent [2].
The late stage development is worrying and could possibly
have been presaged by checking more carefully what might be
considered subclinical disturbances in ventricular functioning
towards the end or shortly after chemotherapy ended. A
number of mitigating factors have been identified – gender
(female), age at treatment, and cumulative dose of cytotoxics.
Some combinatorial regimes might also need to be looked at
more closely than others. Because cardiotoxicity is associated
with cell (cardiomyocyte) loss in the ventricles, the walls
become thinner and dilatation increases, leading to cardiac
dysfunction.
Some patients are better than others in resisting the

potential damage to the heart (as also to other organs and
tissues) due to noxious xenobiotics. These are natural
responses, but their intensity will vary from subject to subject
depending on many factors, including the genetic disposition
in relation to the person’s ability to detoxify damaging
substances. If we knew beforehand a patient’s status in this
regard, it might influence the selection of the treatment
protocol, especially for those deemed to have a weak
resistance to foreign chemicals. Such is the case with
cardiotoxicity and anthracyclines, as with many other drugs.
The removal of xenobiotics by the body involves two main
mechanisms, the first being their detoxification by appropriate
enzymes found most abundantly in the liver (where
unfortunately some undergo activation to more dangerous
intermediates before being deactivated). The second is the

ability of most cells of the body to actively eject any
influx of unwanted chemicals. It seems that
anthracyclines can gain entry to cells without the
need for any transporter systems, but the cell uses
transporters that are driven by ATP hydrolysis to
efflux them – they actively pump them out.
Research on one particular system referred to as the
ABCC1 transporter is being analysed in children
that have or have had ALL. This research is
currently being done in Budapest, Hungary, where
single nucleotide polymorphism of the appropriate
gene is under examination [3]. Of nine different
polymorphisms, they found two that are

particularly associated with a higher risk of the late
development of cardiotoxicity (on average six to seven years
after treatment); where the genotype involves both of them,
the association is greater. It clearly would help to know the
disposition of patients in terms of their multidrug resistance
status through analysis of the appropriate polymorphisms as
early as possible after diagnosis. These findings may be
relevant to and eventually important in the management of
diseases as complex as ALL (or, for that matter, of any other
kind of tumour). Previous work on non-Hodgkin leukemia [4]
has looked at the polymorphism in two of the subunits of
NAD(P)H oxidase, an enzyme required in the deactivation of
xenobiotics. The way ahead seems to be indicated by these
two studies.
The risk to ALL patients regarding the chronic development

of cardiotoxicity might be better gauged by gaining more
information on the polymorphism of genes controlling
detoxifying and transporter properties, and, by analogy, with
similar levels of the functional activity of multidrug-resistance
processes in patients with any other kind of tumour. The
possibility that this knowledge could be used in more
effectively reducing untoward side effects is certainly worth
exploring, especially if it can help in cases where these arise
many years after treatment has ceased, i.e. in cases where it
seems “time does not heal”.
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