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Summary

Lonidamine has been demonstrated to potentiate the cytotoxic activity of several antineoplastic drugs, for example
anthracyclines. Moreover, epirubicin is considered one of the most active drugs in advanced breast cancer, although
optimal dose and schedule remains to be defined.

In the present study we have treated 51 patients with advanced breast cancer with a combination of lonidamine
(450 mg/day orally from day 1 throughout treatment) and epirubicin (25 mg/m2 IV) administered according to a
weekly schedule for 24 weeks. Objective responses were observed in 29 out of 51 patients (57%; CR 16%, PR
41%). Liver metastases responded in eight out of 12 evaluable patients (67%). Average response duration was 12.4
months and median overall survival was 23 months (range 1–90+). Toxicity was negligible.

The combination of weekly epirubicin and lonidamine is feasible and active in advanced breast cancer patients.

Introduction

Breast cancer is the most frequent neoplasm in women
in European countries, with an estimated 135,000 new
cases per year (24% of all cancer cases) and 58,000
recorded deaths per year (18% of all cancer deaths)
[1].

Despite the improvements achieved in the overall
outcome of breast cancer patients, metastatic spread
is still frequent. In fact, up to 60% of the patients
will ultimately develop distant metastases. The treat-
ment of advanced breast cancer is still complex and,
in part, controversial, as there is still no universally
accepted therapy. However, conventional treatments
have no curative impact on advanced disease, with a
median survival of about two years after evidence of
metastases [2].

Although several new active drugs such as the tax-
anes (paclitaxel and docetaxel) and vinorelbine have
become available in the recent years, anthracyclines
(doxorubicin and epirubicin) still play a major role in
the treatment of advanced breast cancer, with objective
response rates ranging from 30% to 50% when admin-

istered as single agents [3]. Anthracycline-containing
polychemotherapy regimens achieve slightly better re-
sponse rates, but a significant improvement in terms
of survival has not been clearly demonstrated, in
spite of greater toxicity [4]. Recent data indicate that
weekly administration schedules may increase total
drug exposure while decreasing its peak plasma levels,
therefore reducing toxicity, with particular regard
to cardiotoxicity, while retaining cytotoxic activity
[5].

Lonidamine, a carboxylic indazol derivative, acts
by inhibiting cellular energy metabolism and by modi-
fying cellular membrane permeability [6–8]. This drug
appears to potentiate the cytotoxic activity of various
chemotherapeutic agents, such as anthracyclines and
cisplatin, bothin vitro andin vivo [9–12]. Lonidamine
as a single agent achieves an objective response rate
of about 14% in advanced breast cancer patients, with
negligible toxicity, primarily consisting of myalgias
and asthenia [13].

This phase-II trial was therefore conducted to
study the activity and toxicity of the combination of
weekly epirubicin plus lonidamine.
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Patients and methods

Between October 1990 and October 1992, 51 con-
secutive patients with advanced breast cancer were
enrolled in the study. All patients provided informed
consent.

Eligibility criteria included: histologic diagnosis
of breast carcinoma, metastatic lesions measurable
and/or evaluable by physical examination, radiolo-
gical tests, ultrasonography and/or computed tomo-
graphy (CT) scan, age between 18 and 75 years,
ECOG performance status≤ 3, life expectancy of
more than three months, adequate bone marrow (ab-
solute neutrophil count≥1.5 × 109/l, platelet count
≥100× 109/l, hemoglobin≥9.0 g/dl), liver and renal
functions within normal limits except in the pres-
ence of liver localizations of disease (ASAT/ALAT
≤1.5× upper normal limit (UNL), serum bilirubin
≤1.5× UNL, serum creatinine≤ 1.5 mg/dl), normal
left ventricular ejection fraction (LVEF). Prior non
anthracycline-containing chemotherapy was allowed,
either in adjuvant or first-line metastatic setting, com-
pleted at least four weeks before study entry. Prior
hormone therapy was allowed, as well as prior radio-
therapy, provided that at least four weeks had elapsed
since the last treatment and no more than 20% of the
bone marrow reserve had been irradiated. Irradiated
lesions were not used for response assessment, unless
clearly progressive.

Patients with brain metastases were considered not
eligible. Other exclusion criteria included pregnant or
lactating women, or women of childbearing potential
not using adequate contraception; presence of active
infections or cardiac disease.

Patient baseline evaluation consisted of complete
medical history, physical examination, and PS assess-
ment. All the patients were submitted to baseline chest
radiograms, bone scan, and abdomen ultrasonography,
as well as to other appropriate imaging studies to
document the extent of disease.

Laboratory studies at presentation included de-
termination of complete blood cell and platelet counts,
biochemical profile, serum tumor markers (CEA, CA
15-3) and urine analysis. Cardiac function evaluation
included ECG and LVEF measurement by echocardi-
ography.

Complete blood cell and platelet counts were re-
peated once weekly during treatment. The patients
underwent complete physical examination and bio-
chemical profile every four weeks. ECG was repeated
every four weeks, and echocardiography with LVEF
determination after 12 and 24 weeks.

The treatment scheme was the following: epirubi-
cin, 25 mg/m2 IV once weekly for 24 weeks, in the
absence of disease progression or unacceptable tox-
icity. The administration scheme of lonidamine was
the following: from day 1 to 3, 150 mg p.o./day; from
day 4 to 6, 300 mg p.o./day; from day 7 on, 450 mg
p.o./day in three divided doses for the entire dura-
tion of the treatment. Retreatment with epirubicin was
allowed in patients with Hgb values≥ 8 g/dl, leuk-
ocyte counts≥ 2.5 × 109/l, platelet counts≥90 ×
109/l. The antiemetic therapy consisted of ondansetron
(8 mg IV) plus dexamethasone (4 mg IV) before the
administration of epirubicin.

Toxicity and responses were defined according to
WHO criteria [14]. A complete response (CR) was
defined as complete disappearance of all detectable
disease for at least four weeks. A partial response (PR)
was defined as a 50% reduction in the sum of the dia-
meters of all measurable and/or evaluable lesions for at
least four weeks and no increase of already existing le-
sions or the appearance of a new lesion. Stable disease
(SD) was considered no appearance of new lesions for
six months, with no pre-existing lesions increasing by
more than 25%. Progressive disease (PD) was defined
as an increase of more than 25% in the sum of the
products of the diameters of any evaluable lesions or
the appearance of a new lesion. The objective response
was evaluated at three and six months.

Patients with bone metastases were evaluated ac-
cording to the following parameters: bone scan with
radiograms aimed at the uptaking areas, CEA, CA
15-3, and alkaline phosphatase levels. The bone pain
referred by the patients was measured by means of the
visual analogue scale of Scott and Huskisson [15] at
the beginning of the treatment and repeated every four
weeks. Patients with bone metastases as the only site
of disease were considered responders in the presence
of radiologic evidence of decrease in size or recalci-
fication of lytic lesions combined with the reduction
in bone scan uptake or in the painful symptomatology,
with a reduction in circulating tumor markers or in
alkaline phosphatase levels.

Patients who received at least four weeks of ther-
apy were considered evaluable.

Results

Patient characteristics are presented in Table 1. All pa-
tients were evaluable for toxicity. All but two patients
could be evaluated in terms of response to treatment
(one patient died for treatment- and disease-unrelated
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Table 1. Patient characteristics

No. of patients entered 51

Age

Median 54

Range 36–75

Performance status (ECOG)

0–1 43

2–3 8

Menopausal status

Pre- 12

Post- 39

Estrogen receptor status

Positive 20

Negative 10

Unknown 21

Previous chemotherapy

Adjuvant only (CMF 18 pts, anthracyclines 1 pt) 19

Advanced only 9

Adjuvant+ advanced 1

Previous hormone therapy

Adjuvant 15

Advanced 8

Dominant metastatic sites

Bone 17

Soft tissue 20

Viscera 14

Disease free-interval

Adjuvant CHT (n = 20)

≤ 12 months 2

12–24 months 7

24 months 11

No adjuvant CHT (n = 31)

≤ 12 months 6

12–24 months 7

24 months 18

causes and one was lost to follow-up after two treat-
ment administrations). These two patients were con-
sidered progressive at the time of last follow-up for
any further analysis.

Median number of treatment weeks was 24 (range
1–24), with 31 patients (60.7%) completing the
planned treatment. The main reason for discontinu-
ation was progressive disease (17 patients, 33%).
No further treatment was given after week 24, even
in patients with continuing response, and no hor-
monal maintenance therapy was administered. Median

delivered dose-intensity (DI) was 23.5 mg/m2/week
(94% of the planned DI).

Objective responses were observed in 29 out of 51
patients (57%), eight of which were complete (16%)
and 21 partial (41%). Five patients had SD (10%) and
17 had PD (33%). Liver disease responded in 8/12
evaluable patients (67%). The average duration of the
response was 12.4 months. Median time to progres-
sion for the entire group of patients was 34 weeks. The
median survival was 23 months (range 1–90+).

Treatment was generally well tolerated (Table 2)
and no dose reductions were required. WHO grade 3
neutropenia was observed in only two patients (4%).
There were no episodes of anemia or thrombocyt-
openia.

Gastroenteric tolerance was excellent, only one
patient (2%) experienced grade 3 vomiting despite
antiemetic therapy. No patients presented alterations
of hepatic and/or renal function that could be attrib-
uted to the treatment. One patient (2%) had grade
3 cardiac toxicity with rhythm alterations and symp-
tomatic dysfunction after the 4th administration of
epirubicin (cumulative dose 100 mg/m2). Grades 2
and 3 alopecia were observed in 10 patients (20%).
Four patients developed a mycosis of the ungual bed.
Twenty-two patients (43%) developed grades 1 and
2 myalgias which, however, did not require specific
treatment.

Discussion

We first report herein the activity and toxicity of
the combination of epirubicin, administered accord-
ing to a weekly schedule, with lonidamine. The dose
of lonidamine of 450 mg/day in three divided doses
was chosen for the present study based on both phar-
macokinetics and clinical considerations. Continuous
administration of 360 mg/day, in two to three daily
doses for at least four weeks, has been indeed shown
to produce maximum serum concentrations of about
15µg/ml within 2 h and 3µg/ml after 12 h; higher
doses (430–520mg/m2/day by mouth) have produced
almost identical concentrations. Moreover, peculiar
non-hematological side effects (such as myalgias, as-
thenia, and epigastric pain) are known to be dose-
dependent, while clinical efficacy is schedule-rather
than dose-dependent [10, 16–17].

A high response rate of 57% (16% CR) was
achieved in the present study, with negligible tox-
icity. Moreover, this combination regimen has proven
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Table 2. Toxicity (evaluable patients: 51)

Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Neutropenia 49 (96%) – 1 (2%) 2 (4%) –

Thrombocytopenia 51 (100%) – – – –

Anemia 51 (100%) – – – –

Alopecia 17 (33%) 25 (49%) 9 (18%) – –

Nausea/vomiting 30 (59%) 17 (33%) 3 (6%) 1 (2%) –

Mucositis 51 (100%) – – – –

Cardiac 49 (96%) 1 (2%) – 1 (2%) –

Myalgias 29 (57%) 21 (41%) 1 (2%) – –

highly active in patients with dominant visceral site
of disease, with an objective response rate of 67%
on liver metastases. Interestingly, no significant differ-
ences in response rate were observed whether patients
were treated as first- or second-line strategy (56%
and 70%, respectively). These results favourably com-
pare with those obtained with single agent epirubicin
administered on a three-weekly schedule, in which ob-
jective response rate ranges from 25% to 49% [18–20],
as well as with those obtained with weekly epirubicin
alone (25–50% [21, 22]. However, average duration of
the response and median survival (12.4 and 23 months,
respectively), evaluated after a median follow-up of
more than five years, are not different from those
reported in the literature in advanced breast cancer
[2].

Our results also favourably compare with those
reported by Moraglio et al. with the combination of
lonidamine and epirubicin administered at the dose of
75 mg/m2 on a three-weekly schedule (objective re-
sponse rate 40%) [23]. On the other hand, Gardini et
al. have recently reported on the high activity of epi-
rubicin and cyclophosphamide plus lonidamine com-
bination on liver metastases from breast cancer [24].
In a recent randomized study, the addition of lonid-
amine to epirubicin administered on a three-weekly
schedule has yielded a significantly higher objective
response rate as compared to epirubicin alone (59.4%
vs. 40.2%, respectively), even in patients with liver
metastases (63.3% vs. 35.3%, respectively) [25]. Sim-
ilarly, Calabresi et al. have demonstrated in a random-
ized study [26] a significantly higher response rate for
the addition of lonidamine to the FAC regimen as com-
pared with FAC alone (66.3% vs 42.3%, respectively),
even in patients with dominant visceral site of disease
(60% vs. 34%, respectively). A statistically significant
increase in the response rate on liver metastases has

also been observed in metastatic breast cancer patients
treated with doxorubicin plus lonidamine as compared
with doxorubicin alone (68% vs. 33%,p = 0.03), in a
recent randomized study [27].

In conclusion, the combination of lonidamine plus
weekly epirubicin proves highly effective in advanced
breast cancer, in spite of a toxicity which is not
different from that observed with weekly epirubicin
alone, except for myalgias which occurred in 43%
of patients as a results of lonidamine administration.
This allowed the delivery of a dose-dense treatment,
without the need of dose-reduction or discontinuation.
A schedule-dependent potentiation of anthracycline
antitumor activity by lonidamine has been described
both in vitro and in vivo [9–12]. Moreover, lonidam-
ine has also recently proven effective in the recovery
of clinical response to anthracycline-containing regi-
mens [28]. In the present study, the use of a con-
tinuous weekly schedule might have further favoured
the synergism between epirubicin and lonidamine. Al-
though speculative, this hypothesis is supported by
the observation that using a lower, and potentially
less toxic, dose of epirubicin administered accord-
ing to a weekly schedule (planned epirubicin DI:
25 mg/m2/week) we obtained a response rate similar
to that reported by Dogliotti et al. [25] with an epiru-
bicin dose of 120 mg/m2 every three weeks (planned
epirubicin DI: 40 mg/m2/week). Indeed, as recently
suggested by Norton [29], the continuous exposure of
tumor cells to an agent which alters membrane per-
meability, such as lonidamine, in combination with
a DNA-damaging drug, such as epirubicin, may per-
manently impair tumor cell growth, possibly translat-
ing into a greater clinical efficacy. Although this hypo-
thesis awaits definitive confirmation, the association
of lonidamine with weekly schedules of epirubicin
warrants further exploration.
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