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Summary. Sixty-five patients with advanced breast carcinoma
were treated with mitoxantrone, an anthracenedione with
structural similarities to adriamycin. The series included 26
patients who had received no prior chemotherapy. Treatment
was given in a dose of 12—14 mgim? by IV infusion, repeated
every 3 weeks. Sixty-two patients were evaluable for response,
but all were evaluable for toxicity. One (2%) achieved a
complete response and 18 (29%) a partial response (overall
response rate 31%). The response rate in patients who had
received no prior chemotherapy was 35%, vs 22% in previously
treated patients. The median duration of response was 10
months (range 3.5—18.5 months). Two responders had pre-
viously failed to respond to adriamycin, and a third responder
subsequently failed to respond to adriamycin. Neutropenia was
the most frequently seen toxicity, with a WBC of < 2,000/mm’
seen in 26 patients (40%), eight of whom (12%) had a
neutropenic infection. Thrombocytopenia (< 100,000/mm’)
occurred in 12 patients (18%), but in three of these only after at
least 6 months of treatinent. Two patients developed readily
reversible cardiac failure after prolonged treatment (11—13
months). Other toxicities were in general mild, and the drug was
well tolerated: severe alopecia occurred in only one patient.
Mitoxantrone is an active well-tolerated agent in the treatment of
advanced breast carcinoma, but the risk of neutropenia requires
careful supervision. The long-term risk of cardiotoxicity cannot
yet be fully assessed.

Introduction

Mitoxantrone (dihydroxy-anthracenedione dihydrochloride) is
an anthracenedione with structural similarities to adriamycin,
but without the amino-sugar moiety at C9 on the parent
molecule (Fig. 1). Interest in mitoxantrone developed when it
was demonstrated in several experimental tumour systems that
the compound had equal or superior activity to adriamycin [3,
6, 8,14, 26, 30, 31] but with diminished or absent cardiotoxicity
[5, 12, 17]. Activity has also been shown against four human
breast carcinoma xenografts [2].

Phase-I clinical trials demonstrated that the dose-limiting
toxicity was leucopenia [1, 7, 9, 10, 18, 20, 22—25, 28]. On the
basis of this information, we started a phase-II single-agent
study in November 1980 in the treatment of advanced breast
carcinoma and other solid tumours, using a dose of
12—14 mg/m? once every 3 weeks. Our preliminary data
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Fig. 1. Chemical structures of adriamycin and mitoxantrone

indicated useful clinical activity against advanced breast cancer
[19], and other studies have since confirmed these findings [15,
29].

This report updates our earlier findings in a larger series of
patients with advanced breast cancer, and includes long-term
follow-up information on both efficacy and toxicity.

Patients and methods

Patients. Between November 1980 and September 1982, 65
patients with histologically proven advanced breast cancer
were entered into the study after giving informed consent,
Twenty-nine of these patients have been described previously
[19]. The median age was 53 years (range 25—76 years).
Forty-four were postmenopausal, 12 premenopausal, and eight
perimenopausal (less than 2 years from last menstrual period);
one was male. Twenty-six had received no prior chemother-
apy, and 14 had received only adjuvant chemotherapy.

Dose and schedule. Twenty-six patients were treated with a
dose of 12 mg/m? repeated every 3 weeks. In six non-re-
sponding patients this was increased to 14 mg/m? after two
courses. The remaining 39 patients received 14 mg/m? from the
outset. The dose was reduced if WBC nadir was less than



1,500/mm? or platelet nadir less than 100,000/mm®. Treatment
was given as an IV infusion in 100 ml 5% dextrose over
30 min.

Investigations. Routine investigations for assessment and
toxicity were carried out at 3-weekly intervals, as described
previously [19]. In addition, nadir blood counts were available
for the majority of patients.

Criteria for assessment of response and toxicity. Patients who
received a minimum of two courses of therapy or who showed
clear evidence of disease progression after one course were
considered evaluable for response. Response was defined
according to the standard UICC criteria [11]. All patients,
whether completing two courses or not, were assessed for
toxicity, using WHO recommendations [27].

Results
Response

Sixty-two patients were evaluable for response. The remaining
three failed to complete two courses of treatment. One patient
achieved a complete response (2%) and 18 a partial response
(29%). The overall objective response rate was therefore 19 of
62 (31%).

Response related to prior chemotherapy

In patients who had received no prior chemotherapy nine of 26
(35%) achieved a response, whilst five of 13 (38%) who had
received only adjuvant chemotherapy also achieved a re-
sponse. Of 23 patients who had received prior chemotherapy
for advanced disease five (22%) achieved a response.

Response related to site of disease

Response were seen in all major sites of disease involvement
except lung. Details are given in Table 1.

Time to achieve response

Response was achieved within 3 weeks in eight patients, 6
weeks in four patients, 9 weeks in five patients, 12 weeks in one
patient, and a full 15 weeks in one patient. The mean time to
achieve response was 6 weeks.

Response duration

The median duration of response (life-table analysis) was 10
months (range 3.5—18.5 months) (Fig. 2).

Response in adriamycin-treated patients

Details of patients treated sequentially with mitoxantrone and
adriamycin are given in Table 2. Of 18 patients who responded
to adriamycin, three also responded to mitoxantrone, and
three of nine patients who failed to respond to adriamycin
responded to mitoxantrone. Of these, two had received
adriamycin before mitoxantrone, and the other after mitox-
antrone.

Haematological toxicity

The main toxicity was myelosuppression and this was
dose-limiting. All patients had a fall in peripheral white blood
count during treatment, but usually this was minor and

Table 1. Response related to site of disease

No. of Responses
patients
Soft tissue 39 13 (33%)
Lymph nodes 17 6 (35%)
Lung 19 0-
Pleura 6 3 (50%)
Bone 15 5033%)
Liver 21 7 (33%)
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Fig. 2. Response duration of patients responding to mitoxantrone
(life-table analysis)

Table 2. Response related to adriamycin

No. of Response to

patients mitoxantrone
Adriamycin responders 18 32
Adriamiycin non-responders 9 3b
Adriamycin adjuvant therapy 6 1
Adriamycin not given 29 12

2 All received adriamycin before mitoxantrone
b Two received adriamycin before mitoxantrone, one after mitoxan-
trone

transient with the nadir between 7 and 14 days after treatment.
WBC fell to < 2,000/mm® during 44 courses and to
< 1,000/mm? during six courses in a total of 26 patients (details
in Table 3). There were eight episodes of neutropenic
infection; three occurred after the first course, two after the
second course, one after the eleventh course, one after the
fourteenth course, and one after the fifteenth course of
therapy. Seven were successfully treated with antibiotics, but
one proved fatal in a patient who refused hospital admission
for antibiotic treatment. There was no significant difference in
mean WBC nadir for patients treated with 12 mg/m? or
14 mg/m? (2,800/mm> vs 2,900/mm3), although six patients
treated at the higher dose were self-selecting in that they had
shown no haematological toxicity to initial therapy at the lower
dose.

Thrombocytopenia of < 100,000/mm?® occurred in 12
patients during 19 cycles. Three of these, all with liver
metastases, developed prolonged thrombocytopenia after
more than 6 months of therapy and required cessation of
treatment. Each had elevation of liver enzymes, but only
marginal elevation of serum bilirubin at the start of therapy.
Only one had had prior chemotherapy. Bone marrow
aspiration was performed in two and was normal in both.



Table 3. WBC nadirs during treatment with mitoxantrone

Dose No. of Courses > 3,000/mm? 2,000-3,000/ 1,000—1,900/ < 1,000/mm3 Mean nadir
patients mm® mm? (% 10*/mm?)

14 mg/m> 44 127 44 56 24 3 2.9

12 mg/m? 34 74 27 24 20 3 2.8

Table 4. Non-haematological toxicity in 65 patients of patients. Several patients with adriamycin-induced alopecia
had hair regrowth during mitoxantrone treatment.

No. of Percentage
patients

Nausea 17 26 Discussion

Vomiting 20 31 . . .

Mild hair loss® 35 60 The response rate achieved here for mitoxantrone in the

Alopecia requiring wig 1 2 treatment of advanced breast cancer appears to be as hlgh.as

Stomatitis 12 18 for most other single agents apart perhaps from adriamyein;

Dry mouth 15 23 indeed, several conventional drugs currently used in first-line

Malaise 16 25 combination therapy have a lower response rate [4, 13].

Diarrhoea 5 8 Likewise, the median duration of response of 10 months is as

Paraesthesiae 5 8 good as that reported for several combination chemotherapy

Nail dystrophy 4 6 regimens, and longer than that for most other single agents [4].

Dizziness 3 > It is likely that these results were influenced to some extent by

Transient loss of taste 2 3

? Seven patients inevaluable due to pre-existing alopecia

Cardiotoxicity

Four patients received 175 mg/m? or more, and two of these
developed cardiac failure, the first after a total dose of 340 mg
(243 mg/m?) over 13 months and the second after 296 mg
(175 mg/m?) over 11 months. In both patients endomyocardial
biopsy showed dilatation of the myocardium, hypertrophy of
muscle fibres, and increased interstitial fibrosis. Both patients
responded to standard diuretic therapy. Neither had received
prior adriamycin, although one had received prior mediastinal
irradiation. The two remaining patients who had received
more than 175 mg/m? developed significant falls in ventricular
ejection fraction [3], as measured by 99M Tc ECG gated blood
pool cardiac scans, but without clinical features of cardiac
failure. These patients had received 253 mg/m? and 217 mg/m?,
respectively. Neither had received prior adriamycin or medias-
tinal irradiation. Endomyocardial biopsy was carried out in the
patient who had received 253 mg/m? and showed similar
features to the biopsies described above. Endomyocardial
biopsy was obtained in one further patient who showed a
significant fall in ventricular ejection fraction after only
47 mg/m?. This patient had received 313 mg/m? of adriamycin
previously, but no mediastinal irradiation. The biopsy showed
only minimal evidence of hypertrophy and dilatation. The
occurrence of cardiotoxicity and the histological changes
observed will be the subject of a further, separate report.

Other toxicities

Details of other toxicities are given in Table 4. In general the
drug was well tolerated in the great majority of patients, and
several commented on its lack of side-effects compared with
previous chemotherapy. Vomiting occurred during treatment
in 31% of patients, but this was usually mild and of short
duration. Only one patient (2%) had alopecia severe enough
to require a wig, although limited hair loss was reported in 60%

treating relatively fit patients who had received no previous
chemotherapy; however, it should be noted that responses
were seen in all groups of patients whether previously treated
with cytotoxic drugs or not.

In view of structural similarities, it is appropriate to
compare mitoxantrone with adriamycin. It was of interest that
complete cross resistance between these drugs does not appear
to exist. Two patients who failed to respond to adriamycin
subsequently responded to mitoxantrone, and a third mito-
xantrone responder subsequently failed to respond to adria-
mycin. Responses to mitoxantrone in adriamycin-resistant
patients have also been reported by others [15, 29]. A further
striking difference between the two agents was the absence,
except in one patient, of severe alopecia with mitoxan-
trone.

Experimental studies of mitoxantrone initially suggested
absence of cardiotoxicity when it was compared with adria-
mycin in beagle dogs [12, 17], and diminished cardiotoxicity in
rats [5]. Two patients in this study developed cardiac failure
after prolonged treatment, but in both this was readily
reversible with standard treatment and endomyocardial biop-
sies did not show severe features of anthracycline cardiomyo-
pathy. Two further patients showed physiological but not
clinical cardiac impairment, with similar histological features
on biopsy. Reversible cardiac failure has also been noted in
one study, albeit after adriamycin therapy [16], but not in two
others [15, 21]. Further clinical experience is required to
determine the significance and severity of this problem. On the
basis of our current experience we recommend caution with
prolonged use of mitoxantrone to a total dose of 175 mg/m? or
more. Caution is also required at much lower doses in
adriamycin-pretreated patients.

The short-term dose-limiting toxicity is neutropenia. This
was severe only in a small minority of patients, but the fact that
occasional septicaemic episodes were seen again urges for
caution, particularly when patients are treated on an out-pa-
tient basis. Thrombocytopenia was not a problem except
perhaps after long-term usage, and further clinical information
is required to assess this risk more fully. Apart from this, a
notable feature of the drug was its low incidence of unpleasant



side-effects, and most patients tolerated treatment very well.
This, in association with its anti-tumour activity, justifies
further use of this drug in the treatment of advanced breast
cancer. In particular, experience is now needed in the use of
mitoxantrone in combination with other agents.
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