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Summary. A total of 18 women with advanced breast
cancer were treated with sulofenur [LY186641; N-(5-
indanylsulfonyl)-N’-(4-chlorophenyl)-urea], a diarylsul-
fonylurea that has broad-spectrum activity against a num-
ber of murine mammary tumour xenografts. The dosage
chosen on the basis of pre-clinical and phase I studies was
700 mg/m? given orally once daily for 14 days, with treat-
ments being repeated every 3 weeks. There was no re-
sponse. All patients experienced at least grade 1 anaemia,
and two patients developed symptomatic methaemoglobi-
naemia. Two patients developed grade 4 rises in serum
liver-function values along with histological changes con-
sistent with drug-induced toxicity. The mean plasma con-
centrations of 176 g/ml were lower than the levels re-
quired to exert anti-tumour effect in the mouse model.

Introduction

Breast cancer is the commonest malignancy in women,
with over 25,000 new cases being recorded annually in the
United Kingdom [3]. The majority of patients develop
metastatic disease for which there is no cure, although
response rates of 50%—60% can be achieved with chemo-
therapy. Thus, a key aim of treatment with chemotherapy is
to provide palliation. The use of many currently available
cytotoxic drugs is limited by myelosuppression, and the
development of active anticancer drugs whose myelotoxic-
ity is limited may result in improved treatment.

Sulofenur [LY186641; N-(5-indanylsulfonyl)-N"-(4-
chlorophenyl)-urea, Eli Lilly, Indianapolis, Ind., USA;
Fig. 1] is a diarylsulfonylurea that has broad-spectrum ac-
tivity against a number of murine tumour models, includ-

Correspondence to: D. C. Talbot, University of Oxford, ICRF Clinical
Oncology Unit, Churchill Hospital, Headington, Oxford OX3 7LJ, UK

0

' i
C

N - (5 -indanyisulfonyl} - ¥ Z (4-chlorophenyl) - urea

Fig. 1. Structure of sulofenur [LY186 641; N-(5-indanylsulfonyl)-N’-(4-
chiorophenyl)-urea]

ing the C3H mammary tumour and the MX1 human mam-
mary xenograft [7]. The mechanism of action of diarylsul-
fonylureas is not fully understood. They are equally cyto-
toxic to proliferating and quiescent cells, they do not ap-
pear to affect DNA, RNA or protein synthesis [7] and they
have cell-cycle specific effects as measured by flow cy-
tometry [2]. Diarylsulfonylureas accumulate in mitochon-
dria [11] and may exert cytotoxicity through uncoupling of
oxidative phosphorylation [12]. Anti-tumour activity ap-
pears greater when the drug is given in repeated low doses
by the oral route rather than by intermittent high-dose
systemic treatment [17]. Phase I studies have demonstrated
that the maximum tolerated dose is 900 mg/m2 p.o. given
daily for 14 days every 3 weeks. The dose-limiting toxicity
was haemolytic anaemia and methaemoglobinaemia [1, 8,
15, 17].

The objectives of the present phase II study were to
determine the rate of objective response to and the tolera-
bility of sulofenur given orally at a dose of 700 mg/m2
daily for 14 days every 3 weeks to patients with advanced
breast cancer.

Patients and methods

Study design. This trial was an open, single-centre phase I study of
sulofenur in patients with advanced breast cancer. Patient accrual to a
total of 45 was planned, depending on the response rates obtained after
the accrual of 15 and 30 patients, respectively, giving the study a 90.7%
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Table 1. Sulofenur in advanced breast cancer — previous treatment

CT (number of patients)

No 1st-line 1st- and
previous CT 2nd-line
ET CT CT
Tamoxifen 0 4 2
Tamoxifen and
2nd-line ET 1 5 3
Tamoxifen,
2nd- and 3rd-line ET 1 1 1

All treatments were given sequentially. CT, Cytotoxic chemotherapy; ET,
endocrine therapy

power at a type-1 error of 5.7% to detect a response rate of 40%.for
sulofenur.

Patients. Patients with histologically or cytologically proven advanced
breast cancer were entered into the study after they had given their
informed consent. All patients had received previous endocrine therapy
and up to two prior chemotherapeutic regimens. Criteria for entry into the
study included the following: a WHO performance status of 0—2; a life
expectancy of >3 months; adequate bone marrow reserve; measurable
disease outside a previously irradiated area; a blood methaemoglobin
level of <2%; a normal serum glucose-6-phosphate dehydrogenase value;
a serum bilirubin level] of less than twice the normal value; and serum
transaminase levels of less than three times the normal values.

Sulofenur was given orally at a dose of 700 mg/m? once daily for
14 days every 3 weeks [1] on an out-patient basis. Patients attended the
out-patient department weekly for clinical review, assessment of toxicity,
urinalysis and measurement of biochemical and haematological profiles.
Response and toxicity were evaluated according to WHO criteria [18].
Plasma levels of sulofenur and of its hydroxy and keto metabolites were
measured by high-performance liquid chromatography (HPLC) using a
modification of the method described by Taylor et al. [17]. Blood
samples were taken at 24 h after the 7th, 14th and 21st days of the first
course of sulofenur. Patients gave their informed consent to participate
according to the guidelines of the Royal Marsden Hospital Ethics Com-
mittee.

Results

A total of 18 women (median age, 52 years; range,
35-67 years) with a good WHO performance status (0, 11;
1, 5; 2,2) were entered into the study. In all, 14 patients
were post-menopausal, 1 was pre-menopausal and 3 were
peri-menopausal (less than 2 years since their last men-
strual cycle). All were evaluable for toxicity and 17 were
evaluable for response (meningeal disease at the time of
entry into the study excluded 1 patient from the evaluation
of response). All patients had advanced breast cancer re-
sistant to tamoxifen. In all, 16 (89%) of the patients had
also received previous chemotherapy, including standard
combinations of drugs (Table 1). Most patients had at least
2 sites of disease, with the anatomical locations being as
follows: skin/soft tissue, 12; breast, 8; liver, 6; lymph
nodes, 5; lung/pleura, 5; bone, 4; stomach/ovary/peri-
toneum, 4; and chest wall, 3. A total of 48 courses of
sulofenur were given (median number of courses per
patient, 2; range, 1-5).

Table 2. Frequency of the worst haematological toxicity encountered
according to grade

Toxicity WHO grade

0 1 2 3 4
Haemoglobin 0 7(1) 9 1 1
Methaemoglobin? 0 14 4 0 0
Total white blood cells 11 4(2) 3 0 0
Platelets 16 2 0 0 0

Data represent the numbers of patients experiencing toxicity. Figures in
parentheses indicate the number of patients whose WBC was <4 x 10%/1
at entry or whose haemoglobin level was <11 g/100 ml at entry

2 As no WHO toxicity score exists for methaemoglobin, the following
grading scale was used:

Grade 0 1 2 3 4
% Methaemoglobin  0-2  2.1-10 10.1-20 20.1-30 >30

Response

No response was observed. All patients eventually pro-
gressed during treatment or withdrew from the study be-
cause of unacceptable toxicity.

Haematological toxicity

Table 2 summarises the haematological toxicity attribu-
table to sulofenur. All patients experienced methaemoglo-
binaemia and anaemia. Overall, 11 patients received a total
of 44 units of transfused blood (range, 2—11 transfusions
per patient). Two patients developed symptomatic
methaemoglobinaemia requiring i.v. infusion of methy-
lene blue; the symptoms resolved and methaemoglobin
levels normalised within 2 h of methylene blue infusion.
Of three patients who developed grade 2 neutropenia, one
had cytological confirmation of progressive disease in the
bone marrow. No significant thrombocytopenia was seen
except in the patients known to have bone marrow disease.

Non-haematological toxicity

Two patients (11%) developed grade 4 rises in serum liver-
function values after completing their first cycle of
sulofenur. Liver ultrasound examination and viral serology
were normal in both cases. Liver biopsies were reported as
showing evidence of the recent onset of hepatitic changes
consistent with drug-induced toxicity in one patient and of
mixed hepatitic and cholangiolytic appearances, with
cosinophilic infiltration and cholestasis likely to be drug-
induced in the second patient. Sulofenur treatment was
discontinued and liver function returned to normal in both
patients.

Two patients (11%) required anti-coagulation for treat-
ment of deep femoral venous thrombosis. Venous throm-
bosis was not considered to be directly related to breast
cancer. Blood-sugar levels remained within normal limits
in all patients. Other non-haematological toxicities en-
countered included diarrhoea (WHO grade 1) in 1 patient
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Table 3. Plasma levels of sulofenur and of its hydroxy and keto metabolites during the first course of chemotherapy with sulofenur

Day 7 (9 patients)

Day 14 (9 patients) Day 21 (2 patients)

S H K S H K S H K
Mean plasma levels (ig/ml) 176.0 429 56.67 126.1 48.7 53.5 8.1 16.7 209
Standard deviation (lg/ml) 81.5 8.6 16.64 74.2 22.5 22.0 N/A N/A N/A

S, Sulofenur; H, hydroxy metabolite; K, keto metabolite; NA, not applicable

(5%}, nausea (WHO grade 1) in 1 patient (5%) and revers-
ible paraesthesia in the toes (WHO grade 1) in 1 patient
(5%). Alopecia did not occur.

Of 48 evaluable courses, 10 were delayed (8 because of
anaemia, 1 due to chest infection and 1 because of abnor-
mal liver-function values). In all, 11 courses were given at
reduced doses (methaemoglobinaemia, 7; anaemia, 3; dete-
rioration in renal function, 1).

Pharmacokinetics

The mean plasma levels of sulofenur and of its hydroxy
and keto metabolites are shown in Table 3. The compounds
were not detected on day 0. The mean peak plasma level of
sulofenur was 176 ug/ml on day 7. On day 21, when
patients had been off therapy for 7 days, the levels had
fallen but remained within detectable limits. There was
marked inter-patient variability.

Discussion

Sulofenur is the first sulfonylurea to show experimental
evidence of anti-tumour activity. It is likely to have a novel
mechanism of action and has an unusual toxicity profile.
Despite the evidence of broad anti-tumour activity found in
pre-clinical testing, no response was achieved in 17 evalu-
able patients with advanced breast cancer in the present
phase II study.

The mean plasma level of the parent compound attained
in this study was 176 ug/ml, which is consistent with data
obtained in other studies using the same schedule [13].
Although the plasma concentrations achieved in the pre-
sent study are similar to the concentrations of sulofenur
that had anti-tumour activity in vitro in rhabdomyosarcoma
cell lines in the presence of 10% foetal bovine serum (FBS)
{10], it does appear that rhabdomyosarcoma is uniquely
sensitive to the drug. Indeed, when freshly explanted breast
tumours were exposed to sulofenur in the presence of 10%
FBS, the 50% growth-inhibitory concentration (ICs0) was
540 pg/ml [17], and it has been demonstrated in vitro that
a reduction in the concentration of FBS results in an in-
crease in the cytotoxicity of sulofenur. The plasma levels
required to produce an anti-tumour effect in vivo in mice
are of the order of 400 pug/ml (Worzalla, personal com-
munication). Taken together, these data suggest that the

lack of anti-tumour effect observed in the current study
might be explained not only by there being insufficiently
high plasma levels but also by a high degree of protein
binding.

The major symptomatic toxicities were due to haemo-
lytic anaemia and methaemoglobinaemia as reported in
phase I studies [1, 8, 15, 17] and phase II trials in ovarian
[16] and gastric [13] cancer. Methaemoglobinaemia was
rapidly reversed by the infusion of methylene blue as is
standard practice for the treatment of sulfonylurea-induced
methaemoglobinaemia. In phase I studies a positive corre-
lation was found between parent-drug plasma concentra-
tions and 24-h methaemoglobin levels; no relationship be-
tween the sulofenur area under the concentration-time
curve (AUC) and the 24~ or 48-h methaemoglobin values
was noted [9]. In previous studies, reversal of toxicity was
achieved by withdrawal of the drug or by i.v. methylene
blue infusion at 1-2 mg/kg.

Following completion of the study, 2-hydroxy-
chloroanaline sulfate, one of the metabolites of p-
chloroaniline, was identified as a minor urinary metabolite
of sulofenur [4, 5]. p-Chloroaniline is a known inducer of
methaemoglobinaemia and anaemia [14]. We were con-
cerned by the observation that two patients entered into the
trial developed severe acute hepatitis associated with
grade 4 increases in liver-function values shortly after
completing the first course of sulofenur. Histological evi-
dence indicated the cause to be drug-related, and both
patients completely recovered following the discontinua-
tion of sulofenur. Cholestatic jaundice is a recognised side
effect of the sulfonylureas [6]. Three cases of reversible,
possibly drug-induced, cholestatic jaundice were seen in
the phase I study, and deteriorations of liver-function
values were reported in other phase II studies [13, 16].
There does not appear to be any predictor for patients who
are at risk of developing hepatotoxicity during sulofenur
administration.

We felt that further escalation of the sulofenur dose
would have increased the frequency of serious adverse
events to unacceptable levels and that it was therefore
unwarranted. However, since the drug has shown anti-
tumour activity in mice, further structure-activity studies
would be helpful in assessing the clinical potential of this
interesting class of drugs.
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