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INTRODUCTION 
ANTHBACYCLR*TES ARE among the most active agents against 
both solid turnouts and haematological malignancies. 
Doxorubicin is the most widely used agent of this class [ 11. 
Like other anthracyclines, it is associated with chronic cardi- 
otoxicity [ 1, 21, producing biventricular, progressive conges- 
tive heart failure [3, 41. The exact mechanisms by which 
doxorubicin and the other anthracyclines cause cardiac dam- 
age are still under debate [5]. Oxidative stress mediated by 
anthracycline-iron complexes has been implicated [ 1,5, 71, as 
have the anthracyclines’ C-l 3 alcohol metabolites, specifically 
their capability of impairing calcium homeostasis [8-l 11. 

Soon after their introduction into the clinic, it became 
evident that the probability of developing congestive heart 
failure following anthracycline therapy was strongly related to 
the cumulative dose a patient had received [4, 13, 141. Based 
upon experience from large retrospective series [4], it was 
assumed that cumulative doxorubicin doses not exceeding 
450-550 mg/m’ would be relatively safe to use. More recently, 
however, more and more evidence (usually from populations 
treated as children or adolescents) has been collected to show 
that this assumption needs to be revoked. Firstly, both invasive 
and non-invasive techniques have been successfully used to 
demonstrate subclinical cardiac damage in an extremely high 
percentage of patients treated with proposed ‘safe’ cumulative 
doses [15-201. Depending on the sensitivity of the methods 
employed, the proportion of hearts found to be damaged has 
varied considerably. In some studies, most or even all hearts 
showed measurable damage [2 l-241. Of even greater concern, 
substantial evidence has accumulated that cardiac function 
will continue to deteriorate even long after the discontinuation 
of anthracyclines, as witnessed by worsening subclinical indi- 
ces of cardiac function [16-l 8, 241. Steinherz and associates, 
when studying long-term survivors of childhood malignancy 
by echocardiography, saw 56 patients at least 10 years after a 
median anthracycline dose of 495 m&/m’, and 38% of these 
had had abnormal systolic indices, compared with only 18% 
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of 145 patients evaluated less than 10 years after therapy [ 171. 
Afterload, proposed to be a more subtle indicator of chronic 
anthracycline cardiotoxicity, increased progressively in 24 of 
34 patients evaluated serially by Lipshultz and colleagues [ 161. 
In agreement with these findings which prove a continuing 
decline of subclinical cardiac parameters, many authors have 
reported cases of cardiac decompensation and death years or 
even decades after anthracycline treatment [ 18, 25-281. With 
these dire consequences in mind, the need for a significant 
reduction of anthracycline cardiotoxicity becomes obvious. 

APPROACHES TO REDUCE ANTHRACYCLINE 
CARDIOTOXICITY 

Avoiding anthracyclines altogether in order to avoid their 
side-effects is generally not feasible, as adequate therapeutic 
alternatives are lacking. Premature termination of anthracyc- 
line therapy upon the development of subclinical damage, as 
recommended by the Cardiology Committee of the Childrens 
Cancer Study Group [29], will not prevent damage from 
occurring. The search for ‘better’ anthracyclines has so far not 
led to analogues which have been convincingly shown to be 
more than moderately less cardiotoxic at equieffective clinical 
dosages [30]. Based upon the presumption that anthracycline- 
iron complex mediated oxidative stress could well be the 
main reason for anthracycline cardiotoxicity, the iron chelator 
ICRF-187 has been used as a cardioprotector with some 
success [3 1, 321. In addition, several modifications of anthra- 
cycline formulation, such as liposome encapsulation [33] or 
coupling to microspheres [34], have been developed in order 
to increase therapeutic range, but neither of these has, as yet, 
gained wide clinical acceptance. 

A relatively simple approach towards the problem of anthra- 
cycline cardiotoxicity has been the development of less cardi- 
otoxic application schedules. Two different ‘cardioprotective’ 
schedules have been developed: First, standard intermittent 
3- or 4-weekly single-dose therapy can be replaced by the 
weekly application of split dosages [35-371. Alternatively, the 
time allowed for anthracycline application can be prolonged 
from minutes to continuous infusions lasting hours [38-40], 
days [41, 421 or even weeks or months [43, 441. Like any 
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other ‘cardioprotective’ measure, a schedule suitable to 
replace conventional high-dose intermittent bolus or short- 
term infusional application should fulfill two requirements: 
First, reduction of cardiotoxicity should be demonstrated 
clinically, morphologically and with functional tests. Second, 
and maybe even more important, the anthracycline’s antineo- 
plastic effect must not be compromised. A beneficial effect on 
cardiotoxicity must by no means be offset by a reduced 
efficacy of the antineoplastic treatment. 

EFFECTS OF SCHEDULE CHANGES ON 
CARDIOTOXICITY 

What is currently known about the impact of scheduling on 
the cardiotoxicity of doxorubicin treatment? A significant 
reduction of cardiotoxicity can be achieved by modifying the 
application schedule. The reduction of clinical cardiotoxicity 
with weekly split-dose administration of doxorubicin has been 
most convincingly shown by von Hoff and associates, who 
reviewed thousands of patients’ records and, overall, saw only 
0.8% congestive heart failure compared to 2.9% after every 3 
week administration [4]. Both a randomised study by Jain and 
colleagues [45] and a non-randomised, historically controlled 
study by Torti and coworkers [46] found less heart failure 
after weekly split-dose than after intermittent high-dose 
doxorubicin. Large groups of patients on weekly split-dose 
doxorubicin with a remarkably low incidence of congestive 
heart failure have also been reported by the Central Oncology 
Group [35, 361 and the Western Cancer Study Group [37, 
471. 

Not all studies have included monitoring of subclinical 
cardiotoxicity, but analyses of myocardial tissue obtained by 
endomyocardial biopsy have confirmed the reduced cardi- 
otoxicity of weekly split-dose administration, finding less sev- 
ere damage at equal cumulative doses [46, 48, 491. Torti and 
associates have estimated that an additional 168 mg/m* could 
be given before causing the same amount of morphological 
damage as produced by an every 3 week high-dose schedule 
[46]. The reduced cardiotoxicity of weekly split-dose doxoru- 
bicin could also be confirmed by non-invasive testing of sys- 
tolic cardiac function. Compared with every 3 week appli- 
cation, fewer cases of reduced left ventricular ejection fraction 
were observed by Jain and colleagues on multigated cardiac 
blood pool scans (O/26 versus 4/31) [45]. Valdivieso and 
coworkers, using m-mode echocardiography, measured 
median ejection fractions of 67.5% after a weekly regimen and 
of 6 1% after an every 3 week schedule [48]. 

An even more striking reduction of cardiotoxicity is 
observed when doxorubicin is not given as a bolus or by rapid 
infusion, but by continuous infusion, as investigators from the 
M.D. Anderson Cancer Center were able to demonstrate. 
At 500-800 mg/m* cumulative dose, they observed a 24% 
incidence of congestive heart failure after rapid adminis- 
tration, but none after 24- to 96-h continuous infusion. Doses 
over 800 mg/m* led to heart failure in 14% of patients given 
24- to 48-h infusions and only 9% of patients given 96-h 
infusions [41]. These clinical findings were substantiated by 
endomyocardial biopsies showing markedly less morphologi- 
cal damage after continuous infusions, with 96-h application 
again causing fewer changes than 24 to 48 h infusions [41, 50, 
511. Several other groups have been able to confirm the low 
incidence of congestive heart failure after continuous infusions 
of doxorubicin. For example, significantly fewer cardiac events 
after 96-h infusions (1%) than after rapid application (8%) 

were observed in a randomised study of 240 soft tissue sar- 
coma patients performed by the Southwest Oncology Group 
(SWOG), even though cumulative doses were similar for 
both cohorts [52]. As for subclinical functional damage, no 
significant decrease of systolic function measured by radio- 
nuclide ventriculography was observed by Speyer and col- 
leagues with 24-h continuous infusions [53] or Neglia and 
Woods with 96-h infusions [54], while Savage and Skubitz 
did notice further worsening of function in pretreated patients 
with abnormal baseline values [55]. Casper and colleagues, 
who randomised the application schedule of doxorubicin 
monotherapy for soft tissue sarcoma patients, saw radio- 
nuclide scan abnormalities in 61% of patients who had 
received a median cumulative dose of 420 mgm’ by bolus, 
compared to only 41% of patients who had received 
540 mg/m’ cumulative dose by continuous infusions over 
96 h. The rate of cardiotoxicity as a function of cumulative 
doxorubicin was significantly higher in the former group [56]. 

When given as prolonged continuous infusions of only a few 
mg/m*/d over weeks or months, doxorubicin seems to be even 
less cardiotoxic, with cumulative doses well above 
1000 mg/m* having been applied this way [57-601. Cardiotox- 
icity is not completely abolished even with this schedule, but 
clinical signs of congestive heart failure have rarely been 
observed and then only at very high cumulative doses in 
patients pretreated with bolus doxorubicin [58, 591. 

How long must an infusion be in order to be ‘cardioprotect- 
ive’? The shortest duration for which such cardioprotection 
has been observed in a controlled, randomised study is 6 h. In 
a study performed by Shapiro and associates, none of 31 
patients receiving 6 h infusions compared to 13% of 31 pati- 
ents given bolus doxorubicin developed signs of cardiac dys- 
function [40]. However, from the accumulated evidence, it 
seems that the longer the duration of the infusion of any fixed 
doxorubicin dose, the less severe its cardiotoxic effect will be. 
Unfortunately, no adequate long-term follow-up information 
is available to indicate whether this statement will hold true in 
the long term, or if trouble has only been postponed. Still, it is 
reasonable to expect that the acute cardioprotective effect 
observed will also translate into long-term benefit for the 
heart. 

EFFECTS OF SCHEDULE CHANGES ON OTHER 
TOXICITIES 

Non-cardiac side-effects are also influenced by doxorubicin 
scheduling. While myelotoxicity does not seem to be affected 
by giving doxorubicin as a continuous infusion [39, 491, 
neutropenia and infectious complications have been found 
less frequently with weekly split-doses as opposed to every 3 
week schedules [48, 491. Alopecia, nausea, vomiting and 
diarrhoea may also be reduced by weekly split-dose adminis- 
tration [49], but this has not been observed in all studies. 
Acute gastrointestinal upset is, however, certainly reduced 
with continuous infusions [42, 521, while mucositis becomes 
more prominent [39, 42, 501 and is dose-limiting for pro- 
longed exposure [43, 44, 581. The otherwise very unusual 
hand-foot syndrome is not so rarely observed with prolonged 
continuous infusions [59, 611. As giving doxorubicin as a 
continuous infusion more or less requires the use of a central 
venous catheter, complications associated with this drug deliv- 
ery system may occur [7, 571. 
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INFLUENCE OF SCHEDULING ON 
PHARMACOKINETICS 

Why are split-dose or prolonged infusions of anthracyclines 
so much less cardiotoxic? The most obvious association is the 
marked reduction of peak plasma doxorubicin levels attained 
with these schedules [35, 411. The available literature on 
pharmacokinetic-pharmacodynamic relationships of anthra- 
cyclines has recently been reviewed in detail [62]. Metabolic 
processing of doxorubicin administered by continuous 
infusion has been observed to be similar to that after rapid 
administration and to show no change with time [63]. While 
some influence of doxorubicin dose on plasma kinetics has 
been suggested [64] and both inter- and intrapatient varia- 
bility may be substantial [63, 651, it appears that, for all 
practical purposes, pharmacokinetics may be assumed to be 
more or less linear within the clinical dose range [65-681. 
Accordingly, peak plasma levels after weekly split-dose 
doxorubicin have been found to be reduced in proportion 
to those of control patients treated 3-weekly with higher 
dosages [69]. 

The reduction of peak plasma levels is much more pro- 
nounced (several orders of magnitude) when anthracyclines 
are given by continuous infusion. When correcting the peak 
levels for the applied dose, this correlation becomes even more 
apparent. The longer the time allowed for application, the 
lower the peak plasma level will be [70]. While levels of 
around 50 to over 100 r&ml per mg/m’ applied have been 
reported for bolus or short-term infusion schedules [66, 67, 
71-751, they range from below 1 to around 2 ng/ml per mg/m’ 
for infusions lasting 24 h or more [41, 72-771. Legha and 
colleagues found doxorubicin levels after 96-h infusions to be 
significantly lower than after 48-h infusions, which were lower 
than after 24-h application, which in turn were much lower 
than after slow injections [41, 771. When prolonged appli- 
cation of only a few milligrams per m2 per day is chosen, levels 
are minimal at best, but often undetectable [44, 63, 781. The 
reduced cardiotoxicity observed with liposomally encapsu- 
lated doxorubicin has also, among other things, been attri- 
buted to a prevention of peak plasma concentrations due to a 
protracted release from the liposomal depot [79]. 

In contrast to peak plasma levels, the area under the concen- 
tration time curve (AUC) in plasma has repeatedly been 
reported as being independent from infusion time, be it pro- 
longed to hours or even days, both in animals [l l] and in 
humans [66, 73-75,801. 

However, contradicting data claiming an enhancement of 
plasma AUC for doxorubicin and doxorubicinol with pro- 
longed infusions have been published by Twelves and col- 
leagues [72]. Their report also showed greater total exposure 
to doxorubicin with a weekly schedule of 25 mg/m’ than with 
75 mg/m’ given every 3 weeks. 

What about intracellular drug levels? In a study by Muller 
and colleagues, peak doxorubicin levels in chronic lympho- 
cytic leukaemia cells, exposed in viva to a 96-h infusion, were 
reduced, but only to 43% of those given rapid administration. 
Peak plasma levels, however, only amounted to 0.7%. In this 
study, intracellular AUC was compromised by continuous 
infusion [75]. In contrast, Speth and colleagues, investigating 
leukaemia blasts [73] and melanoma cells [74] found cellular 
doxorubicin AUC to be similar after rapid or continuous 
administration. For daunorubicin, the other classical anthra- 
cycline, one study even suggested an increased accumulation 
in human leukaemic cells with prolonged infusion [81]. Car- 

disc doxorubicin and doxorubicinol levels after l-h and 24-h 
doxorubicin infusions have been evaluated in rabbits [l 11. 

Here, as above, doxorubicin and doxorubicinol peak plasma 
levels, but not AUC, were lower after the protracted infusion. 
Peak left ventricular doxorubicin was almost five times higher 
with the l-h infusion, peak doxorubicinol about 2.5 times 
higher. When the animals were sacrificed 7 days after dosing, 
the tissue levels of both compounds were no longer correlated 
to the application schedule. The authors postulated that cardi- 
oprotection following infusion might be related to attenuation 
of the peak plasma or cardiac concentration of doxorubicin or 
doxorubicinol, but warned, as had others previously, that 
anthracyclines [82] or their 7-OH metabolites [8] might 
accumulate in the heart with repeated dosing [ 111. Continu- 
ous infusion does not seem to prevent this prolonged anthra- 
cycline accumulation in the myocardium [ 10, 791. After five 
doses given to rats either by bolus or as 24-h infusions, 
for example, similar cardiac doxorubicin concentrations were 
present in both groups [79]. 

SCHEDULE AND IN VZTRO ACTIVITY 
In vitro studies might help to clarify if high anthracycline 

concentrations, as achieved clinically with bolus or rapid 
infusion techniques, or prolonged exposure time, as with 
continuous infusion, would be more effective against neoplas- 
tic cells. However, no clear conclusions can be drawn from 
the available in vitro studies which have produced conflicting 
results (for review see [83]). 

From experiments in Chinese hamster and HeLa cells, 
Eichholtz-Wirth came to the conclusion that the cytotoxic 
effect of doxorubicin was proportional to both the extracellular 
drug concentration and the time of exposure [84], consistent 
with later reports that found no schedule dependency of 
doxorubicin activity against various cell lines at equal concen- 
tration x time values in vitro [85-871. Other experiments, 
however, suggested a superiority of high-dose, short exposure 
over low-dose, long exposure incubation in, among others, 
bone marrow cells [88], cultured murine sarcoma [89] or rat 
glioblastoma cells [90]. In contrast, others found greater cell 
kill with low-dose, long incubations for normal and leukaemic 
human haematopoietic cells [76, 9 1, 921 or sarcoma 180 cells 
[93]. Milan0 and associates, working with four breast cancer 
lines, found that doxorubicin pulses on top of continuous 
exposure (thereby mimicking split-dose dose application) 
resulted in greater cytotoxicity than continuous exposure 
alone. They attributed their findings to the greater intracellu- 
lar doxorubicin concentration reached by pulsatile exposure 

[941. 
The expression of the multidrug resistance gene MDRl can 

be rapidly upregulated by anthracyclines [95]. In one in vitro 

study, a single 24-h contact to doxorubicin induced the 
P-glycoprotein (Pgp) far more effectively than l-h exposure 
[96]. On the other hand, experiments in several colon carci- 
noma, Pgp-anthracycline resistant cell lines showed that the 
drug exposure needed to achieve a given cell kill was reduced 
as much as 9-fold when cells were treated for 7 days as 
compared with 3-h exposure. In contrast, drug exposure had 
to be increased under conditions of continuous treatment in 
cell lines where P-glycoprotein played a lesser role [97]. 

ARE LESS CARDIOTOXIC DOXORUBICIN 
SCHEDULES STILL EFFECTIVE? 

Past as well as more recent reviews and editorials, dealing 
with the pertinent literature, have again and again lamented 



the paucity of controlled trials assessing the influence of metastasis-free survival rates were also not significantly influ- 
anthracycline schedule on antineoplastic efficacy [61, 62, 70, enced by anthracycline scheduling [loo]. As a recent meta- 
83,981, which stands in stark contrast to the flood of studies in analysis found, doxorubicin dose intensity is an important 
which altered schedules are used in a completely uncontrolled determinant of favourable outcome for osteogenic sarcoma 
manner. In fact, when reviewing the literature in 1989, we [l lo], and it should be expected that any major loss of efficacy 
were unable to find a single completed randomised study by doxorubicin schedule alterations, if present, would have 
addressing the efficacy of continuous infusion doxorubicin been detected by the COSS group. The results obtained by 
[70]. Most of the few controlled studies published since then Benjamin and colleagues in 97 patients with primary osteosar- 
suffer from serious limitations and major confounding factors. coma by using 96-h infusions of doxorubicin in combination 
Trials have often been performed in tumours with very poor with cisplatinum [l 1 I] are in the same range as those of 
prognosis and, at best, limited responsiveness to anthracy- trials using rapid application, again arguing against a major 
clines. Therefore, response and survival could be expected to impairment of doxorubicin activity by continuous infusion 
be poor regardless of the schedule used. The use of anthracy- scheduling in this tumour type. 
clines as part of combination chemotherapy, often associated 
with additional treatment variables, makes interpretation even DOXORURICIN SCHEDULING IN THE 
more difficult. A synopsis of controlled trials on doxorubicin TREATMENT OF BREAST CANCER 
scheduling is given below and in Table 1, together with some Sequential trials of three doxorubicin schedules within the 
relevant results obtained with the related anthracyclines dau- FAC (5-fluorouracil, doxorubicin, cyclophosphamide) regi- 
norubicin and epirubicin. men in 274 women with previously untreated, measurable 

breast cancer performed at the M.D. Anderson Cancer Center 
DOXORUBICIN SCHEDULING IN THE failed to detect any influence of doxorubicin schedule on 

TREATMENT OF SARCOMA response rates, with approximately 20% complete and 80% 
Two randomised trials on the treatment of adult soft tissue overall responses regardless of schedule. The duration of 

sarcoma with either bolus or continuous infusion doxorubicin response tended to be slightly longer in the continuous 
have been published [52, 561. A randomised co-operative infusion group, attributed to the possibility of longer treatment 
SWOG trial used doxorubicin plus dacarbazine both given for responding tumours with the less cardiotoxic schedule 
either as a bolus or a 96-h continuous infusion for metastatic [421. 
disease. Similar overall response rates (17%), complete A plethora of uncontrolled studies using weekly split-dose 
response rates (5%), median response duration and survival doxorubicin or weekly split-dose epirubicin for breast cancer 
were observed in both study arms. As mentioned, the schedule has been published. In a recent paper, Blomqvist and associ- 
of dacarbazine was altered in parallel to that of doxorubicin, ates were able to cite 22 such reports, with response rates 
thereby possibly obscuring any effect that anthracycline sched- ranging from 12% to 47% [112]. Unfortunately, much less 
uling might have had [52]. Investigators from the Memorial effort has gone into studies randomising the schedule. One 
Sloan Kettering Cancer Center gave doxorubicin, either by such randomised trial, initiated to compare three different 
bolus or by 72-h continuous infusion, as adjuvant monother- dosing schedules of single agent doxorubicin, was terminated 
apy for high-grade soft tissue sarcomas. A preliminary report before any conclusions about the comparative efficacy could 
of that study indicated inferior survival in the continuous be reached [ 1011. A British study of single agent doxorubicin 
infusion group [ 1071. Multivariate analysis, however, selected found equivalent activity for every 3 week and weekly split- 
three other criteria, but not doxorubicin schedule, as an dose doxorubicin at equal dose intensity [102, 1131. The 
unfavourable characteristic [56]. An earlier study comparing same holds true for studies by Jain and colleagues [64] and 
weekly split-dose with every 3 week doxorubicin for metastatic Gundersen and colleagues [103], which, however, included 
soft tissue sarcoma reported similar (but again very poor) other variables. A single randomised study comparing weekly 
response in both arms [99]. split-dose with every 4 week epirubicin for metastatic breast 

Before jumping to generalised conclusions about the effi- cancer within the FEC (5-fluorouracil, epirubicin, 
cacy of different doxorubicin schedules from these studies, it cyclophosphamide) protocol reported better results for the 
must be remembered that soft tissue sarcoma in adults, which monthly schedule [ 1121. It remains to be seen if these results, 
includes a mixture of different tumour types with varying which the authors themselves described as unexpected, can 
clinical behaviour, is, as a whole, hardly the prime example of be reproduced. 
a chemosensitive tumour. The benefit, if any, of chemo- 
therapy for this tumour entity, at least in the adjuvant setting, DOXORUEIICIN SCHEDULING IN THE 
remains poorly defined [ 1081. TREATMENT OF LUNG CANCER 

A negative impact of continuous infusion doxorubicin on For small-cell lung cancer, a randomised trial by Anderson 
response rates of osteosarcoma to pre-operative chemo- and associates, giving doxorubicin either by bolus or by con- 
therapy, as initially observed in a preliminary report of sequen- tinuous 7 day infusion as part of a combination regimen 
tial studies by our COSS (Cooperative Osteosarcoma Study including ifosfamide and oral etoposide, found no impact of 
Group) group [ 1091, has not been validated by further analy- scheduling on response. Any conclusion as to the comparative 
sis. Histological response of 140 patients treated with one efficacy of the two anthracycline schedules must be guarded, 
single rapid infusion of 90 mg/m2 as part of a 10 week, four because the schedule of ifosfamide was altered in parallel to 
drug pre-operative regimen for osteosarcoma at 7 1% did not that of doxorubicin. The extremely poor outlook for patients 
differ significantly from the 65% observed in 81 patients treated with the more conventional bolus approach (median 
receiving a 48-h infusion within the same protocol. With survival of 25 weeks, 2 year survival 5%) would make it 
postoperative continuation of polychemotherapy up to a almost impossible to detect any loss of activity by infusional 
cumulative doxorubicin dose of 360-450 mg/m’, projected scheduling [ 104, 1141. The two published randomised studies 
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Table 1. Doxorubicin scheduling and treatment outcome 

Author 
Tumour Dose Other 

[Ref.] type (mg/m’) Schedule n RR RD OS druffj 

Borden WI 
randomised 

STS* 70 

15* 

STS* 60 
60 

STSB 60 
60 

OSTEO 90 
90 

BREAST 50 
50 

RI-3 wk 
RI-l wk 

Zalupski WI 
randomised 

Casper [5’51 
randomised 

Bielack [lOOI 
sequential 

Hortobagyi [42] 
sequential 

RI 
CI-96 h 

RI 
CI-72 h 

18% 3 mot 
17% 2 mot 

17% 20 mo§ 
17% 13mo§ 

Schedule not a risk factor 

RI 
CI-48 h 

94 

88 

118 
122 

41 
41 

140 
81 

133 
79 
62 

67tt 

71% 
65% 

RI 
CI-48 h 
CI-96 h 

81% 13mo 
80% 14 mo 
76% 

Lakich [loll 
randomised 

BREAST* 60 
20 
15 

RI-3 wk 
RI-l wk 
CI-96 h 

Richards [lo21 
randomised 

Jain [451 
randomised 

BREAST* 75 
25 

BREAST* 37.5 
12.5 

BREAST* 50 
20 

NSCLC 60 
20 

NSCLC 60 
20 

RI-3 wk 
RI-l wk 

RI-4 wk 
RI-l wk 

Gundersen [ 1031 
randomised 

RI-3 wk 
RI-l wk 

Valdivieso [481 
randomised 

RI-3 wk 
RI-l wk 

28 
31 

31 
26 

66 
62 

42 
45 

Umsawadi$$ [49] 
randomised 

CI-6 h/3 wk 
RI-l wk 

51 
51 

Anderson [IO41 SCLC 35 RI 78 
randomised 35 CI-168 h 70 

Souhami PO51 SCLC 50 RI-3 wk 217 
randomised 25 RI-l wk 221 

25% 
33% 
44% 

50%t 
58%t 

45% 
42% 

36% 
31% 

19% 
31% 

31% 
35% 

64% 
69% 

81% 
82% 

4mo 
5mo 

8mo 
9+mo 

8+wk 
12+wk 

21 wk 
33 wk 

11 wk 
36 wk 

20 wk 
26 wk 

Sculier [lo61 SCLC 50 RI-3 wk 101 62% 35 wk 
randomised 25 RI-l wk 98 69% 39 wk 

8mo None 
8mo None 

11 mo 
llmo 

DAC-Bolus 
DAC-CIII 

None 
None 

750/o** 
66%** 

27 mo 
24 mo 

8mo None 
8mo None 

Equal 

32 wk 
37 wk 

_ 
_ 

25 wk 
30 wk 

11 mo 
11 mo 

43 wk 
49 wk 

MTX,DDP,IFO 
MTX,DDP,IFO 

CYC,5-FU 
CYC,5-FU 
CYC,S-FU 

None 
None 
None 

MITOX 
MITOX 

CYC,VCR 
None11 

CYC,DDP,m 
CYC,DDI’,FT 

CYC,DDP 
CYC,DDP 

IFO-Bolus,VP 
IFO-CI,VPli 

CYC,VCR,DDP,VP 
IFO,DDP,VP// 

6 drugs 
3 drugs 

Randomised and sequential trials comparing the efficacy of different doxorubicin schedules. For comments on specific trial designs and results, 
see text. 
n, number of patients; RR, response rate; RD, response duration; OS, overall survival; wk, weeks; mo, months; STS, soft tissue sarcoma; 
OSTEO, osteosarcoma; BREAST, breast cancer; (N)SCLC, (non-)small-cell lung cancer; RI, rapid infusion; 3 wk or 4 wk, intermittent high- 
dose; 1 wk, weekly split-dose; CI, continuous infusion; DAC, actinomycin-D; MTX, methotrexate; DDP, cisplatinum; IFO, ifosfamide; CYC, 
cyclophosphamide; 5-FU, 5-fluorouracil; MITOX, mitoxantrone; VCR, vincristine; FT, ftorafur; VP, etoposide. 
*Advanced or metastatic; tTime to progression; *Plus initial loading dose; §For CR, 6.6j9.3 months for PR; /Schedule of accompanying drugs 
varies between the two anthracycline schedules; 7Adjuvant; **Three year metastasis-free survival; ttTota1 number of patients combined; **RR 
for patients with limited disease (LD), no prior radiotherapy (RT). RR for LD, prior RT 25/20%, for extended disease 11116%. 

on weekly split-dose versus every 3 week doxorubicin in small- 
cell lung cancer have led to comparable results for both 
schedules, but the accompanying chemotherapy differed 
markedly between both study arms in both cases [ 105, 1061. 

In non-small-cell lung cancer, two randomised combination 
chemotherapy studies from the M.D. Anderson Cancer 
Center found no significant impact of giving weekly split-dose 
or 3-weekly doxorubicin at equal dose intensity on response 
rate or survival [48, 491, but response duration tended to be 
longer with the weekly regimen [49]. 

ANTHRACYCLINE SCHEDULING IN 
HAEMATOLOGICAL MALIGNANCIES 

Preisler and colleagues have correlated individual plasma 
doxorubicin levels with the outcome of remission induction 

in acute non-lymphoblastic leukaemia (ANLL) [ 1151. This 

proposed correlation of measured anthracycline levels with 
antileukaemic effect could, however, not be reproduced by 
others such as Speth and colleagues [73]. Remission rates 
comparable or even superior to conventional administration 
have been claimed for fractionated anthracycline therapy 
[ 1161, which can be expected to produce lower anthracycline 
levels. Effectiveness has also been observed with continuous 
anthracycline infusions as part of various combination regi- 
mens in uncontrolled settings [ 117-l 191. We are not aware of 
any controlled studies on anthracycline scheduling in ANLL. 

A randomised, upfront therapeutic window approach com- 
paring a 24-h with a l-h infusion of daunorubicin has been 
adopted by the German COALS (Cooperative Acute Lym- 
phoblastic Leukaemia Study Group) group in children with de 
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~OOO acute lymphoblastic leukaemia. The proportional decline 
of blasts in peripheral blood was not affected by daunorubicin 
scheduling [ 1201. Another randomised comparison by 
Steinherz and colleagues in a very small group of 15 paediatric 
ALL, patients even suggested a more rapid cytoreduction after 
48-h continuous infusion of daunorubicin than after rapid 
application of the drug [ 12 11. In again another paper, similar 
low rates of induction failure were seen with two multi-agent 
protocols incorporating either weekly split-dose daunorubicin 
or a single 2-day course [ 1221. 

Ninety-six-hour infusional doxorubicin in combination with 
other agents has led to remissions in some patients with 
relapsed or poor risk non-Hodgkin’s lymphoma, even in some 
refractory to bolus treatment [123, 1241. The role of the 
doxorubicin infusion in this setting is obscured by the 
inclusion of etoposide in the reported protocols, a drug with 
well known schedule dependency, favouring protracted appli- 
cation [125]. 

No schedule-dependent differences of tumour regression or 
survival were found in a randomised trial of bolus versus 24-h 
doxorubicin in rats with experimental IgM immunocytoma 
[79]. In humans, infusional 96-h doxorubicin together with 
infusional vincristine and oral dexamethasone (VAD) has 
been given with some success as first-line [ 1261 or second-line 
(including patients refractory to bolus doxorubicin) [127] 
therapy for multiple myeloma. Compared to literature data 
obtained with this infusional regime, an intermittent bolus 
approach with the same three drugs yielded inferior response 
and survival [ 1281. Another report of slow versus fast infusion 
of the three agents in 31 patients treated sequentially at one 
institution found good responses in 31% versus 20% and 
survival times of 17 versus 9 months, but interpreted these 
results as similar [ 1291. 

We have not been able to find adequately controlled trials 
for any of the other malignancies against which continuous 
infusion doxorubicin is being used. 

CONCLUSION 
Substantial evidence supports the claim that doxorubicin 

schedules leading to lower peak drug levels in plasma than 
those produced by intermittent high-dose rapid application, 
are much less cardiotoxic. Are such changes of doxorubicin 
scheduling oncologically safe? The available in vitro and in 
viva data argue against a proportional decline of clinical 
efficacy together with that of cardiotoxicity. Does this mean 
that the less cardiotoxic schedules can be used without any 
risk? Not necessarily: complete equi-effectivity of these sched- 
ules has still, after more than a quarter of a century of 
doxorubicin therapy, not been proven unequivocally. More 
and better designed controlled studies are needed before it can 
be assumed that the ‘cardiotoxic’ and the ‘cardioprotective’ 
schedules are of absolutely identical antitumoural activity. In 
view of the currently available clinical evidence, schedule 
alterations seem to offer a realistic chance to minimise the 
harmful cardiac effects of anthracyclines without necessarily 
reducing their efficacy. 
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