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ABSTRACT

Our purpose in this study was to determine the efficacy
and toxicity of losoxantrone (DuP-941), an anthrapyrazole,
in patients with metastatic hormone-refractory prostate
cancer. Patients with metastatic prostate cancer progressing
on androgen ablation therapy without demonstrable antian-
drogen withdrawal response were treated with losoxantrone
50 mg/n? i.v. bolus every 21 days. All of the patients had
elevated serum prostate-specific antigen (PSA) before study
entry and had no prior chemotherapy. Forty-three assess-
able patients were entered. The median age was 70.6 years
(range, 53.9-85.9), median Karnofsky performance scale
(KPS), 70% (50-90%), and the median serum PSA, 173
prg/liter (12.5-11,140). The median number of courses was 4
(1-9). Five patients (25%) had a partial response as defined
by >50% decline in the serum PSA. Two of nine patients
with measurable disease had partial responses and three had
minor responses. Thirty percent of patients had improve-
ment in KPS and 37% had an improvement in symptoms
with decrease in pain and/or decrease in analgesic require-
ment. Nonhematological grade 3 and 4 toxicities were one
each of grade 3 headache, grade 4 hypocalcemia, grade 3
hyperbilirubinemia, and grade 3 dyspnea. Twenty-six pa-
tients (60%) had grade 3 or 4 absolute neutropenia. In
conclusion, losoxantrone demonstrated a partial biochemi-
cal response rate of 25%, response in measurable disease
sites in 22%, and improvement in clinical symptoms in
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one-third of patients. In this study, PSA increase was not
necessarily associated with lack of palliative response.

INTRODUCTION

Cytotoxic chemotherapy has modest activity in hormone-
refractory prostate cancer (1). Doxorubicin, an anthracycline,
given in different dose schedules has response rates ranging
from 25 to 84% (2-6), with higher response rates using the
National Prostate Cancer Project response criteria. The cumu-
lative cardiotoxicity seen with doxorubicin has limited its use in
this elderly population. The formation of superoxides by anthra-
cyclines triggers a series of events that eventually results in the
cardiomyopathy. By modifying the anthracenedione nucleus
and replacing the carbonyl group with an additional pyrazole
group, the anthrapyrazoles are rendered more resistant to enzy-
matic reduction, which results in decreased generation of super-
oxides (7). This property has been confirmed in experimental
systems and further supported by their protective role against
lipid peroxidation (8). Anthrapyrazoles have demonstrated
broad spectrum activity in experimental tumor models (9). Their
cytotoxicity is mediated through DNA intercalation and the
inhibition of topoisomerase 1l (10).

In a Phase | study of one of the anthrapyrazoles, DuP-937,
two of three patients with metastatic prostate cancer treated at
the Ottawa Regional Cancer Center demonstrated more than a
50% decline in PSA. One of these patients with measurable
disease obtained a partial response, which was reported previ-
ously (11). Losoxantrone (DuP-941) was chosen as the anthra-
pyrazole for this study because of a better safety profile than
DuP-937 and the availability of more clinical data from studies
in metastatic breast cancer (12, 13). On the basis of the antitu-
mor activity of the related drug, doxorubicin, in prostate cancer,
the responses seen with a related anthrapyrazole DuP-937, and
the antitumor activity of losoxantrone in different solid tumor
models, losoxantrone was deemed as an appropriate candidate
drug to explore in metastatic prostate cancer.

MATERIALS AND METHODS

Patients with histologically confirmed prostate cancer with
metastatic disease or locally advanced disease who progressed
on hormonal therapy were entered into the study. Patients were
eligible if they had a KPS of 50-90%, had not received any
prior cytotoxic chemotherapy, had adequate renal function (se-
rum creatinine=177 pmol/liter), and hepatic function (total
bilirubin of <26 wmol/liter). All of the patients had elevated
serum PSA of=10 pagl/liter at study entry. All of the patients
vc\{ere off antiandrogen therapy at least 2 weeks before study
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Table 1 Patient characteristics Table 2 Change in KPS and symptoms in relation to PSA
Total no. of patients 44 PSA response KPS Symptoms
Total no. of evaluable patients 43 PR (9)
Median age 70.6 yr Improved 5 5
(range, 53.9-85.9)
. No change 3 4
Median KPS 70%
Worse 1 0
(range, 50%-90%) SD (15)
Median serum PSA 173 nglliter Imoroved 5 4
12.5-11,140) prove
Pri diati (range ' No change 10 9
rior radiation Worse 0 5
Yes 26
N 18 PD (19)
No (())f rior hormonal manipulations Improved 3 6
1‘ P P 2 No change 9 8
5 0 Worse 7 5
3 or more 12 2 PR, partial response; SD, stable disease; PD, progressive disease;
Prior orchiectomy number in brackets, number of patients.
Yes 19
No 25
Sites of disease
Bone 41
Prostate 23 Data Analysis and Statistical Considerations. Evalua-
tymph nodes 1; tion of PSA response was done by calculating the percentage
S?)lf?rtissue 5 decline from baseline value: (a) a complete biochemical re-
Lung 1 sponse was a PSA decline to within normal range; (b) partial
Other 4 response was>50% decline in PSA; (c) stable disease was

<50% decline in PSA and not25% increase in the PSA from
baseline; and (d) progressive disease wa§% increase in the
entry and were observed for any withdrawal response. An inPSA. Assessment of clinical response was done using standard
terval of 3 weeks from radiation was required in all of the criteria, and bone scan results were graded as worse, stable, or
patients. Patients with a history of congestive heart fa”ure‘improved. The statistical method for analysis of response was
unstable angina, cardiomyopathy, arrhythmia requiring therapy?ased on the method of Fleming (16).
myocardial infarction within 12 months of study entry, or a
baseline left ventricular ejection fraction of 45% or below by RESULTS
radionuclide ventriculogram were excluded. Forty-four patients from five centers in North America
Before treatment, all of the patients had a complete historywere registered on the study between September 1993 and
and physical examination, complete blood count, differentialDecember 1994. One patient was not evaluable for response
count, chemical survey, PSA, chest radiograph, electrocardiobecause of a lack of follow-up data. The median number of
gram, left ventricular gated scan, and bone scan. Computerizecburses of losoxantrone was 4 (range, 1-10). The primary
tomography of the thorax, abdomen, and/or pelvis, and plairefficacy variable for this study was the degree of decrease in the
radiographs of bony lesions, if applicable, were done for measserum PSA from the baseline values, supported by clinical
urement or evaluation of the sites of disease. parameters. The secondary efficacy variable looked at subjec-
As approved by the Institutional Review Boards of partic- tive responses, as measured by the EORTC QLQ-C30 re-
ipating institutions, written informed consent was obtained fromsponses, and clinical response by physicians’ assessment of
each patient. Patients were treated with losoxantrone 50 fng/mpatients’ symptom relief, analgesic requirement, weight, and
i.v. bolus every 21 days. Patients with less than a PSA rise othange in the KPS. Patient characteristics are shown in Table 1.
25% from baseline without a worsening of symptoms continuedAll except two patients had bone metastases. All of the patients
to a maximum of six courses unless there was development dfiad prior hormonal therapy, with a median of two different
excess toxicity. Weekly complete blood count and differentialtypes of hormonal maneuver. Leutinizing hormone-releasing
counts were done. Physical examination, assessment of subjelkermone agonists were continued at the discretion of individual
tive improvement, creatinine, liver function tests, PSA, andinvestigators.
ultrasound of the abdomen (when used to follow disease sites) The median PSA value was 173g/liter (range 12.5-
were done once every 3 weeks; bone radiographs, computerizeldl,140). Twenty-one percent haeb0% decrease in PSA from
tomography scan of evaluable or measurable disease were dobaseline, including five who hada75% decrease. The median
every 6 weeks, and bone scan was done every 12 weeks. Lefluration of biochemical response was 11 weeks (range, 4-22
ventricular gated scans were performed after the fifth, eighthweeks). Thirty percent of patients had improvement in KPS, and
and eleventh courses. All of the patients completed the EORT@7% had decrease in pain and/or decrease in analgesic require-
QLQ-C30 questionnaire (14) at the beginning of the studyment. Nausea and loss of appetite were reported more frequently
before any treatment, at the end of the second course, and whetfiter course 2 of chemotherapy; however, the change in appetite
they came off study. Toxicities were graded according to thewas less pronounced after course 4, and, on progression, both
National Cancer Institute-United States adult toxicity criteria nausea and anorexia became more frequently observed. The
(15). median duration of improvement in KPS and improvement in
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Table 3 Toxicities,n = 43 cumulative cardiotoxicity. Ways to delay or decrease toxicities
Graded of doxorubicin include giving the drug by continuous i.v. infu-

sion rather than by bolus (17), the use of free radical scavengers
1 2 3 4 such as bispiperazinediones (18), and the generation of ana-

Hematological logues with less propensity to form superoxide radicals. Anthra-
hi‘i':?opee”r:% ?1’ g 1; 1% pyrazoles are one such class of drugs developed in the hope of

AnemiaF\) 7 3 5 1 averting cardiotoxicity. On the basis of the observation of three

Thrombocytopenia 3 1 0 0 partial biochemical responses (PSA decrease>60% from

Nonhematological baseline) and a partial response in measurable disease in one of

Nausea 6 10 0 0 these patients in a Phase | study conducted through the National
ngﬁiﬂg 151 20 00 00 Cancer Institute of Canada using DuP-937 (11), it was thought

Diarrhea 5 0 0 0 that the activity of anthrapyrazoles needed to be explored further
Stomatitis 4 1 0 0 in patients with hormone-refractory metastatic prostate cancer.

Cardiotoxicity (OLVEF®) 1 7 1 0 As more data were available from studies in metastatic breast
aWorst reported at anytime during treatment. cancer on losoxantrone, an analogue of DuP-937, losoxantrone,
P Decreased left ventricular ejection fraction. was chosen for this Phase Il study.

PSA has become an important surrogate marker for meta-
static prostate cancer, a disease that predominantly affects the

) bones and in which measurement of responses is imprecise.
pain was 12 weeks (range, 3—-26 weeks) and 6 weeks (rang@jence, we chose PSA response as the primary outcome meas-

1-23 weeks), respectively. The PSA responses in relation t9rement. Change in symptoms such as a decrease in pain and in
KPS and symptoms are shown in Table 2. Partial biochemicahna|gesic requirement, along with changes in weight and per-
responders had overall either an improvement or no change ifyrmance status, were secondary outcomes. A decline in PSA
their symptoms or KPS. One patient had a worsening of his KPQyas observed in one-half of the patients. Twenty-one % had a
from 90% to 80%. In the group with stable response in PSA,~ 5004 decline in the PSA.
only two patients had a worsening of their symptoms. Thirty- Mitoxantrone, in combination with prednisone, had an
two percent of patients who had biochemical progression hagyerall palliative response of 36% in metastatic prostrate cancer
improvement in their symptoms and 15.7% improvement in(19) A more recent randomized study of mitoxantrone plus
their performance status. ) _ prednisoneversusprednisone alone showed a significantly bet-
Nine patlents had bldlmen5|onallmeasurable dlsease.. Therg, quality of life for the combined treatment arm (20). In our
were two partial responses—one in the left supraclavicularsy,qy, although a decrease in PSA (biochemical partial response
nodes and the other in the liver. Three patients had minop staple disease) was often associated with improvement or
responses: 44, 47, and 47% reduction in liver, retrocrural andyapilization of symptoms and performance status, a PSA in-
subcarinal nodes, and peripheral lymph nodes, respectively. Qfrease was not necessarily associated with a lack of palliative
the 22 patients who had follow-up bone scan, 27% had IMProveresponses [47% had no change in KPS, whereas 16% had

ment .in bong scan, which in one-half of t.hese patients wWa§mprovement; and 42% had stable symptoms, whereas 32%
associated with a PSA response-e§0% decline. Stable bone  reported improvement in their symptoms]. Losoxantrone, as a

scan was observed in 45%. Median survival for patients on thigjngle agent, resulted in an improvement of symptoms and

study was 56 weeks (range, 4-87 weeks). o quality of life in one-third of the patients. This was offset by a
There were no treatment-related deaths. Toxicities argma| proportion of patients who experienced loss of appetite
shown in Table 3. Sixty percent of patients had nadir absolutgynq nausea while on the chemotherapy. These two symptoms
neutrophil counts 0f<0.5 X 10%liter, and 7% experienced oy g potentially be attenuated by the concurrent use of steroids.
grade 3 and 4 anemia. There was no grade 3 or 4 thrombocy-soxantrone seems to have palliative activity that is roughly
topenia. The most common nonhematological toxicity was alo'equivalent to that of mitoxantrone.
pecia in 55% of the patients, followed by nausea (grade 1 and 2) * The treatment of hormone-refractory prostate cancer re-
in 36.4% of patients. One patient had transient grade 3 elevatiopzins suboptimal. Cytotoxic agents have largely been investi-
of serum bilirubin, which subsequently resolved with continu- gated in the past. As the biology of hormone-refractory prostate
ation of losoxantrone. One patient developed grade 3 cardiotoXzancer continues to unfold, chemotherapy may complement
icity, which responded to medical management. The median aggther more innovative modalities. Biological agents, cytokine-
of patients who had any decrease in their ejection fraction Wagjirected therapy, differentiating agents, and antiangiogenic
74 years (range, 67-75). The median cumulative dose at whichgents will be used increasingly. Combinations of the different

a drop in the ejection fraction of 15% or more was observed by ogajities to target the different mechanisms in the progression
Kaplan-Meier estimate was 400 mgrof losoxantrone (95% . this disease may be warranted.

confidence interval, 350—460 mg#m
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