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Sulofenur is a novel diarylsulfonylurea with proven
anti-tumor activity in murine tumor models. In this phase
Il study in patients with advanced gastric or gastro-
esophageal adenocarcinoma, 17 patients were treated
with sulofenur orally at 700 mg/m? for 14 days every 3
weeks. No tumor responses were seen. The main tox-
icities were anemia, methemogiobinemia and abnormali-
ties in liver function tests. These toxicities precluded dose
escalation. However, plasma levels of sulofenur, and its
hydroxy and keto metabolites were probably insufficient
to exert anti-tumor effect in comparison with data from
murine studies. Further structure—activity studies are
warranted.
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Introduction

Surgery currently represents the only curative treat-
ment option for gastric and esophageal adenocarci-
noma.' However, the majority of patients present
with advanced disease and therefore are not candi-
dates for surgical resection. The 5 year survival is
less than 10%.' As yet there is no evidence that
cvtotoxic chemotherapy impacts on the survival of
patients with gastric cancer.” Single agent response
rates are of the order of 20% with 3-fluorouracil,
adriamycin or mitomycin C." Combinations of
these agents will produce response rates of the order
of 30-40%.** However, these responses have been
only partial in nature and of relatively short dura-
tion. The median survival of patients with locally
advanced or metastatic gastric cancer is 4-6 months.
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It is clear therefore that there is a need for new

"drugs with activity in gastric and gastro-esophageal

adenocarcinoma.

Sulofenur, LY 186641, N-(5-indanylsulfonyl)-N'-
(4-chlorophenyl)urea, is a diarysulfonylurea which
was developed as a potential anti-cancer drug by
Eli Lilly (Indianapolis, IN, USA).*” In pre-clinical
studies sulofenur demonstrated significant activity
against a wide range of murine tumor models and
human xenografts including the colon 26 carcinoma
and VCR 5 colon xenograft models.”® Sulofenur
has no hypoglycemic activity and has no effect on
DNA, RNA or protein sythesis.” Its mechanism of
action is unknown although recent data has sug-
gested that it may localize inside mitochondria® and,
at high doses, may uncouple oxidative phosphoryla-
tion."' Phase 1 studies defined the dose limiting
toxicities as anemia and methemoglobinemia.'" ™
Phase II studies have been carried out in a variety
of indications and we describe here the results of
our phase II study in patients with gastric or
gastro-esophageal adenocarcinoma.

Patients and methods

Patients with histologically proven inoperable or
metastatic gastric or gastro-esophageal adenocarci-
noma were entered into this study. The following
were required for entry into the study: World
Health Organization (WHO) performance status
0-2, life expectancy more than 3 months, adequate
bone marrow reserve, measurable disease outside a
previously irradiated area, normal glucose-6-phos-
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phate dehyrogenase, methemoglobin less than 2%,
serum bilirubin less than twice normal and serum
transaminases less than 3 times normal, and in-
formed consent. No patients received prior chemo-
therapy. Baseline evaluations included history and
physical examination, tumor measurement by com-
puterized tomography (CT) scan, ultrasound or by
callipers, and a complete blood count, including
differential and biochemical profile.

Sulofenur was given orally at 700 mg/m? for 14
days every 3 weeks for a minimum of two courses.
Therapy was given on an out-patient basis and
patients attended weekly for hematology, biochemi-
stry and urinalysis. Tumor response and drug toxic
effects were graded according to WHO criteria with
assessment for response being made after two
courses (NB methemoglobin was graded according
to the scale shown in the legend for Figure 1). Dose
reductions were made according to toxicity. No
dose reductions were required for WHO grade I ot
IT toxicity. In the case of a WHO grade III he-
moglobin or grade III methemoglobin, the dose
was reduced by 10%. For other grade III toxicities
a 25% dose reduction applied. For grade IV he-
moglobin or methemoglobin the dose was reduced
by 20%. For other WHO grade IV toxicities the
patient was removed from study. In addition, dose
escalation was permitted up to 770 mg/m?® if a
patient showed minimal or no signs of toxicity
during the first two courses. Repeat cycles of chemo-
therapy were only given if patients met the entry
criteria before being retreated.

Methemoglobin was measured spectroscopically
using the method of Evelyn e 4/.'*"> Trough plas-
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Figure 1. Frequency of worst hematologic toxicity by WHO
grade for (a) hemoglobin. As no WHO toxicity grades
exists for methemoglobin (b) the following scale was
applied (% methemoglobin): grade 0, 0-2; grade 1,
2.1-10; grade 2, 10.1-20; grade 3, 20.1-30; grade 4, > 30.
Shaded bars represent the number of patients who had
levels WHO grade 1 anemia prior to entry.
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ma levels of sulofenur its hydroxy and keto metabo-
lites'* were measured during the first course of
therapy, samples were taken on day 0, day 7/8, day
14/15 and day 21/22, and were assayed by HPLC
using a modification of the method of Taylor.'*"

Results

Seventeen patients (15 males, two females) with a
median age of 57 years (range 29-70) were entered
into the study. One patient had a WHO perfor-
mance status of 0, seven were WHO grade 1 and
nine were WHO grade 2. Eleven patients had
gastric and six gastro-esophageal adenocarcinoma.
Grade of tumor differentiation was as follows:
poorly, eight; moderate, six; well, one; unknown,
two.

A total of 34 courses were administered with
eight being subject to dose reduction (Table 1).
Dose escalation to 770 mg/m” was attempted in one
patient, but was not tolerated due to anemia.

Seven patients withdrew early, i.e. prior to re-
ceiving two courses. In three cases this was due to
progressive disease and four were due to toxicity.

There were no responders. However, one patient
had a mixed response with progression in the liver
following four courses of sulofenur, but a small
omental metastasis disappeared as measured by CT
scanning and a celic lymph node was stable.

The major clinical toxicities associated with the
use of sulofenur were fatigue and dyspnea. In
addition, jaundice in two patients could be ascribed
to sulofenur. Although 11 patients experienced
some nausea and vomiting and four patients con-
stipation, these were pre-existing and were con-
sidered to be symptoms of the disease rather than
toxicity. Additionally there were single cases of
WHO grade 2 diarrhoea, mucositis and fever, and
three mild (WHO grade 1) infections in the absence
of neutropenia. No alopecia was observed.

Dyspnoea occurred in nine patients. Of these,
seven cases could be ascribed to methemoglobine-
mia and anemia, and in three cases symptoms were
dose limiting, with one patient requiring 1.v. methy-
lene blue for symptom relief following a methe-
moglobin of 30%. Two days following withdrawal
of sulofenur, his methemoglobin had dropped to
2.1%.

Of the remaining two cases of dyspnea, one was
due to respiratory failure due to pulmonary me-
tastases. The cause of the other case is unclear,
although methemoglobinemia cannot be ruled out,
since his methemoglobin levels were not measured



Table 1. Administered courses by patient

A phase 11 study of sulofenur in gastric cancer

Patient no. No.ofcourses Cumulative dose Reason for dose reduction Reason for early withdrawal
(9) (n=28) (h=7)
1 2 3.36
2 1 1.68 progressive disease
3 4 6.16
4 2 3.08
5 2 3.24 patient error
6 2 3.78
7 1 1.68 jaundice
8 <3 3.50 patient error, methemoglobinemia
9 <1 144 methemoglobinemia progressive disease
10 2 3.78
11 1 1.68 methemoglobinemia methemoglobinemia
12 4 6.93
13 <2 1.80 elevated alkaline phosphatase elevated alkaline phosphatase
14 <1 0.72 dyspnea syncope
15 <2 2.85 respiratory failure due to pulmonary progressive disease
mets
16 2 3.22 anemia
17 2 3.78

due to emergency admission to a non-trial hospital.
This patient received only five doses of sulofenur
when he became dyspneic and experienced a synco-
pal attack. An ECG was normal, but there was
persistent hypoxia on blood gas analysis. A post-
therapy chest X-ray showed pulmonary infiltrates
although there was evidence of lymphangitis prior
to sulofenur. The patient remained dyspneic despite
normalization of methemoglobin levels shortly after
discontinuation of therapy.

In total all but one patient experienced some
degree of methemoglobinemia, levels are shown in
Figure 2. As expected peak levels occurred whilst
the patient was on therapy (days 7/8 and 14/15) with
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Figure 2. Mean percentage methemoglobinemia with
time. Vertical bars are standard deviations about the
mean where n > 3; where they are not shown, means are
of two samples. Methemoglobin was routinely measured
on day 7, 14 or 21. Additional measurements were carried
out when clinically indicated, see text.

levels dropping to just above pre-treatment levels
in the rest week (day 21/22). There was large
inter- and intrapatient variability and again there
was no evidence for a cumulative effect.

Thirteen of 17 patients experienced a fall in
hemoglobin whilst on study (three patients had
WHO grade 1 anemia on entry to the study) and
10 patients required transfusions. There was no
evidence for cumulative toxicity (data not shown).
No leucopenia or thrombocytopenia was observed.

Disordered liver function tests (LFTs) were also
a feature of treatment. Five patients experienced
rises in bilirubin and four rises in transaminases
(Figure 3). Fourteen patients had elevated alkaline
phosphatase although in nine cases this was raised
prior to therapy. In two cases elevated LFTs caused
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Figure 3. Frequency of worst LFTs by WHO grade for (a)
aspartate transferase, (b) alkaline phosphatase and (c)
bilirubin. Shaded bars represent the number of patients
who had WHO 0 levels prior to entry.
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early withdrawal from the study. One patient exper-
ienced a marked rise in bilirubin, alkaline phospha-
tase and aspartate transaminase following one
course of sulofenur. The patient was jaundiced and
pyrexial with no hepatomegaly and no sign of
chronic liver disease, a CT showed no evidence of
progressive disease. The histology of a liver biopsy
was compatible with drug induced cholestatic jaun-
dice. A second patient also experienced a marked
rise in alkaline phosphatase and the patient died of
hepatic failure which was ascribed to a combination
of liver dysfunction induced by liver metastases and
sulofenur.

Renal toxicity was mild, a grade 1 WHO rise in
creatinine was seen in five patients, there were two
cases of grade 1 hematuria, one of grade 1 protei-
nuria and one of grade 2 proteinuria.

The mean plasma levels of sulofenur, its hydroxy
and keto metabolites were 0 pre-therapy; 187.4,
30.8, 44.2 ug/ml, respectively, on day 7/8; 147.1,
41.2, 41.41 ug/ml, respectively, on day 14/15; and
levels of 20.6, 18.1 and 22.7 ug/ml, respectively,
were still detectable on day 21/22. These data are
shown in Figure 4. One patient had markedly
higher plasma levels of the parent substance than
did the other patients, with levels of 394.1 ug/ml at
day 7 and 347.1 pg/ml at day 14. This was the
patient referred to above whose omental metastases

disappeared.

Discussion

Sulofenur is a2 new class of anti-tumor agent which
produced documented responses in phase I studies,
including a patient with refractory ovarian carcino-
ma.'? It is of particular interest because it appears
to have a unique mechanism of action and novel
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Figure 4. Mean plasma levels (ug/ml) of sulofenur, and its
hydroxy and keto metabolites with time in course 1.
Vertical bars show standard deviation about the mean.
Data is not adjusted for dose. See Table 1.
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dose limiting toxicities. However, the current study
failed to demonstrate any efficacy of the agent in
patients with advanced gastro or gastro-esophageal
adenocarcinoma.

It is debatable whether the plasma levels which
were achieved were sufficient to exert anti-tumor
effect. Sulofenur is known to be highly protein
bound and indeed in i vitro sensitivity assays using
colonic cell lines, cytotoxicity was enhanced by
reducing the level of fetal bovine serum (FBS) from
10 to 0.5%.° In vitro studies using both colon and
rhabdomyosarcoma’ cell lines have demonstrated
anti-tumor effect within the range obtained in the
present clinical study. However, again these studies
utilized FBS at 10%. In addition, data from mice
suggests that a plasma level of 400 pg/ml is required
to exert anti-tumor activity.'® Interestingly the
patient who had a mixed response had markedly
higher levels of sulofenur than did the other
patients. However, other studies have failed to dem-
onstrate this relationship.'” Attempts to raise plasma
levels by increasing adminstered dose has produced
unacceptable toxicity in the form of anemia and
methemoglobinemia. Subsequent to completion of
this study, P-CAM1, a metabolite of p-chloroani-
line, was identified as a minor urinary excretion
metabolite of sulofenur.'”? It is likely that p-
chloroaniline or its metabolites may be responsible
for the methemoglobin and/or hemolytic anemia.?!
These toxicities are unusual in an anti-cancer drug.

Other sulfonylureas have been shown to induce
jaundice in some patients,” ** but animal models
failed to demonstrate this toxicity of sulofenur. A
review of the phase 11 database also failed to identify
consistent risk factors. Liver metastasis did not
predispose to deterioration in liver function.

Conclusion

Sulofenur is not emetogenic, neither does it cause
myelosuppression or alopecia. Its toxicities do not
overlap with established anti-cancer drugs. Un-
fortunately its lack of efficacy and dose limiting
toxicity precludes its further clinical development
in gastric or gastro-esophageal adenocarcinoma.
However, the encouraging pre-clinical and phase 1
data are such that further structure-activity re-
lationships are warranted in an attempt to reduce
toxicity and allow higher doses of the drug to be
given. Ideally a candidate analog needs to be iden-
tified which does not have the capacity to generate
p-chloraniline metabolites and which does not have
the propensity to cause liver damage. Further struc-
ture-activity studies are underway.
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