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New Anthracycline Derivatives: What For? 

ANTHRACYCLINES ARE probably the most utilised antitumour 
drug worldwide, and a majority of patients needing systemic 
treatment for cancer receive either daunorubicin or doxorubicin 
at some time during their clinical course. There is a difference 
of only a single hydroxyl group between the chemical structures 
of daunorubicin and doxorubicin (Fig. 1). Despite only a minor 
difference in chemical structure, there is a marked difference in 
their antitumour efficacy. Daunorubicin is one of the major 
drugs for the treatment of acute leukaemias [l] and doxorubicin 
is a major drug for the treatment of malignant haematological 
diseases as well as for the treatment of solid tumours [2, 31. 
The clinical success of doxorubicin and this disparity between 
daunorubicin and doxorubicin in spectrum of antitumour effect 
resulting from a minor molecular change has been the impetus 
for a diligent search for other effective or less toxic anthracycline 
analogues. 

Anthracyclines are polyftmctional molecules, both chemically 
and biologically. The current thinking is that these structures 
have access to multiple mechanisms, which can act in concert, 
but in varying patterns with structural changes. Unraveling 
these chemical reactions into those that are desirable (toxicity to 
the cancer cell) and into those that are not (toxicity to the 
organism) is an enigma, recently rendered less inscrutable. 

A logical site of biochemical action in the anthracycline 
molecule is the quinone = ring C in Fig. 1, which is known to 
undergo reduction and reoxidation processes involving one or 
two electrons. Single-electron redox cycling leads to enhanced 
production of cytotoxic free radicals, two-electron reduction can 
lead to quinone methide structures that function as alkylating 
agents [4, 51. There is preliminary progress indicating that 
catalytic redox turnover contributes a significantly greater extent 
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to the host cytotoxicity, rather than to the antitumour activity. 
Tumour cytotoxicity does not involve any redox event [6]. 
Furthermore, the present understanding of anthracycline 
structure-activity relationship does not demand intercalation as 
a necessary event of the tumour cytotoxicity [7] as it was 
thought before [8]. As it now stands DNA damage via aerobic 
degradation, covalent labelhng by the quinone methide, or 
even related to the topoisomerase cleavable complex provide 
reasonable explanations for the anticancer activity although the 
exact molecular lesions involved have not been determined 
exactly up to now. 

Analogues of daunorubicin or doxorubicin might be less 
myelotoxic, less cardiotoxic, less emetogenic, less toxic to the 
gastrointestinal tract (stomatitislmucositis), have a broader range 
of activity, and ideally and clinically important, lack of crossres- 
istance to the parent compound. Of all toxicities mentioned, 
most attention is called to cardiotoxicity . In the case of curability, 
it is an important aspect; in case of palliation it is not. Cardiotox- 
icity is a major problem of anthracycline therapy if the patient 
can be cured by intensive anthracycline treatment. There is a 
clear indication that the treatment for a potential fatal childhood 
cancer (e.g. acute lymphoblastic leukaemia) may cause another 
serious or fatal disease. A high incidence of late cardiovascular 
abnormalities in children who received anthracyclines were 
observed [9]. There has been a growing tendency to associate 
anthracycline redox cycling and radical production with chronic 
anthracycline cardiotoxicity [ 10, 111. Myocardial alteration due 
to free radical generation was described in experimental settings 
[12, 131 and such alterations are similar or even identical to 
those observed after anthracycline therapy [14], a fact which 
might be related to the fact that the biochemical equipment to 
defend the heart cells to free radical attacks by free radical 
scavengers and by enzyme systems for detoxification (catalase, 
superoxide dismutase, glutathione) is reduced in heart cells. 
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Fig. 1. Chemical structures of C-4, C-9, C-4’ and C-3’ modified 
anthracyclines. DOX = doxorubicin, EPI = epirubicin, I-DOX = 
iododoxorubicin, MRA = morpholinyl doxorubicin, MRA-MO = 2- 
methoxy-morpholinyl doxorubicin, MRA-CN = cyano-morpholinyl 
doxorubicin. DNR = daunorubicin, IDA = idarubicin, MRDnr-CN 

= cyano-morpholinyl daunorubicin. 

Another argument for a different mechanism of cardiotoxicity 
and anticancer activity is the fact that use of the bisperazinedione 
ICRF 187, a chelator, ameliorates the cardiotoxic effects but 
does not reduce the anticancer effect [15]. This is in line with 
the statement that free radical formation plays no major role in 
anticancer activity [ 161. Analogue research focussing on reduced 
carditoxicity while keeping the anticancer efficacy is worthwhile. 
Nevertheless, the prominent new analogues epirubicin and 
idarubicin, both with minor structural changes [ 171, introduced 
as the successors of doxorubicin and daunorubicin, respectively 
with reduced cardiotoxicity and similar or even better anticancer 
efficacy have not fulfilled expectations. The drugs are less 
cardiotoxic, in the case of epirubicin shown using the most 
sensitive method with cardiac biopsies in humans [ 181, the 
pharmacokinetics and metabolism is different [19], but the 
spectrum of anticancer activity is not broader or different [20]. 
There is no cancer cell that can be treated better with epirubicin 
than with doxorubicin. Cardiotoxicity of epirubicin is only 
reduced if equimolar doses are compared, then it can be adminis- 
tered repetitively for slightly longer. In case of esuipotent or 
equimyelosuppresive doses this difference becomes insignili- 
cant. In the case of idarubicin data from large trials are missing. 
I have no doubt that it is only a matter of time before oncologists 
are aware that idarubicin is not a great step forward. These new 
anthracyclines are slightly better than the parent drugs but is 
such a minor improvement enough? The spectrum of activity 
has not become broader or different and there is nearly complete 
crossresistance to the parent drugs. Launching such drugs 
depends on several aspects of commercial interests. 

During the last years the anticancer drug resistance problem 
has become a major focus in research [21]. All natural anticancer 
drugs like anticancer antibiotics (anthracyclines, mitomycin, 

dactinomycin), vinca alcaloids and podophyllotoxins are affected 
by the multidrug resistance (MDR) phenomenon [22]. The 
development of analogues which are at best not or not completely 
crossresistant to their parent drugs is an important issue to 
overcome resistant cancer cells. 

My point of view is that we need anthracyclines with different 
features because we need an anthracycline: (1) with less cardi- 
otoxicity but the same antitumour activity (curative intention); 
(2) with a broader and/or different spectrum of activity (for the 
treatment of lung cancer, colon cancer, pancreatic cancer); (3) 
that can be successfully used after ananthracycline treatment 
failure (no crossresistance to doxorubicin or daunorubicin, 
respectively, epirubicin and idarubicin, MDR problem); (4) 
with the possibility of oral administration with good bioavail- 
ability; and (5) with less acute side-effects. Alopecia, nausea/vo- 
miting and unpleasant mucositis are distressing side-effects, 
particularly with palliative treatment. These desirable demands 
will not be realised with the development of only one anthracyc- 
line. Search for such analogues is going on, critical events to the 
molecule seemed to be the 9-alkyl substitution as a distinct 
molecular feature in anthracycline, an incorporation of which 
leads to a marked decrease in resistance factor in human MDR 
cell lines [23]. Changes at the adjacent 3’- 4’-position of the sugar 
can also confer activity against MDR cells. Iododoxorubicin and 
morpholinyl anthracyclines are such compounds [24-271. The 
morpholinyl anthracyclines especially have features like another 
or additional mechanism of action, specific inhibition of RNA 
polymerase and/or covalent strand crosslinking of DNA which 
are novel in the anthracycline series [28]. 

It would be indeed fortuitous if, out of all the anthracyclines 
known, the most effective anthracyclines were the first two 
discovered, daunorubicin and doxorubicin. It takes a lot of 
patients, time, and monetary resources for the medical oncolog- 
ists to determine the value of each anthracycline analogue. There 
might be some oncologists who feel that we could spend our 
efforts and resources looking for compounds with new structures 
and/or new mechanisms of action. I count myself not with those 
who feel that way: we need both, a better doxorubicin as well as 
a better daunorubicin and new drugs. How say you? 

Klaus Mross 
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Lung Cancer Therapy in the Elderly 

SHOULD ELDERLY patients with small cell lung cancer be treated 
differently than younger patients? Of the population in the 
western world, lO-15% is over the age of 70. The life expectancy 
of this population is on average 15 years for women and 8-10 
years for men. A substantial and increasing percentage of the 
new malignancies will occur in this age group. Up till now 
patients over the age of 70 with lung cancer were frequently 
excluded from clinical trials for different reasons, such as the 
disease’s supposed more indolent behaviour, the impaired bone 
marrow tolerance of the elderly, the presence of a compromised 
renal and liver function interfering with drug clearance, con- 
comitant chronic disease, the diminished life expectancy and 
their attitude towards intensive treatment. 

Age is not a recognised independent negative prognostic 
factor in patients with lung cancer. Extent of disease, initial 
performance status and weight loss are such dominant prognostic 
factors, that, in retrospective studies in particular, it is imposs- 
ible to determine the effect of age. A less extensive presentation, 
with a possible impact on prognosis, is not uncommon in the 
described patient population [l]. With advancing age drug 
metabolism may be altered due to an increase in the volume of 
distribution, a decrease in hepatic drug metabolism and in 
renal clearance. Negative interactions of cytostatic drugs with 
medication taken because of concomitant chronic disease, has 
not proven a major problem but warrants careful consideration 
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when dealing with this patient population. Clinicians are becom- 
ing more and more aware that the conception that older patients 
with lung cancer should not be treated may be wrong. Further- 
more, patients have been treated and cured with chemotherapy 
[2]; this is recognised and also reflected in a joint EORTC/ 
National Cancer Institute meeting recently held in Venice, Italy 
to discuss the need for studies in the elderly and to determine 
age criteria [3]. 

There are retrospective studies on the effect of treatment of 
elderly patients with small cell lung cancer, as by Clamon et al. 
[4] and by Findlay et al. (p. 1597-1601). Although the results 
may be interesting, these studies can not solve the question how 
to treat lung cancer in the elderly. These studies have many 
drawbacks. Not stated is why patients were selected to be treated 
and others not. Treatment was not uniform. Dose schedules 
were not always optimal. The considerations leading to full dose 
or gentle chemotherapy are not clear. 

These studies only show that chemotherapy can be given to a 
selected group of elderly patients, but reveal no guidelines how 
to treat which patients. In phase II studies both with single 
drugs [5, 61 and with combination chemotherapy [7, 81 it has 
been demonstrated that treatment is feasible. They do not answer 
the question if aggressive, conventional or gentle treatment for 
elderly patients is effective. 

Time has passed for drawing conclusions from retrospective 
studies on the treatment of patients over 70 years. There is an 
under-representation of patients aged 75 years and older among 
patients with lung cancer seen at comprehensive cancer centres 


