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Reactive Oxygen Species May Have
Antitumor Activity in Metastatic Melanoma

By Rabiya S. Tuma

n investigational drug that causes
Acel]s to produce excess reactive

oxygen species (ROS) was associ-
ated with unexpectedly long progression-
free survival in a small trial of patients
with metastatic melanoma. The drug’s
mechanism of action, the trial design, and
the trial outcome are all unusual in the
field, but just how important they will be
remains an open question, according to
experts.

In the phase II trial, 81 patients with
metastatic melanoma were randomly
assigned to receive
either paclitaxel plus
the ROS-inducing
agent  elesclomol
(formerly STA-4783)
or paclitaxel alone.
Patients taking eles-
clomal had a median
progression-free sur-
vival of 3.7 months,
compared with 1.8
months for those in
the control arm—a
statistically signifi-
cant difference.
Moreover, 35% of
patients were progression free in the com-
bination arm at 6 months versus 15% in
the control arm.

“I think it is the first—in terms of ran-
domized and placebo controlled—study in
metastatic melanoma” to show improved
progression-free survival, said Stephen
O’Day, M.D., chief of research and direc-
tor of the melanoma program at the Angeles
Clinic and Research Institute in Santa
Monica, Calif., who led the trial.

If these data are replicated, researchers
will have two reasons to celebrate: the
identification of both the first effective
agent for melanoma in decades and a drug
with a reladvely untried mechanism of
action. Biologists know that ROS can be
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“f think, as Hm'nfr;gf_\'r‘.\‘ who
do therapeutic developient,
we need to take a fresh look
at this [ROS] targeting
paradigni. So inany of these
were cousidered backwater
for a loig time but they have
reciuerged” as potentially

inportant targels.

toxic to cells, are abundant in cancer cells,
and can sometimes trigger programmed
cell death (apoptosis). But this finding
would be some of the first clinical evi-
dence that a compound that increases the
amount of ROS in cancer cells can kill
them.

ROS, such as hydrogen peroxide, are
natural by-products of normal cellular
metabolism. Cells have evolved enzyme
systems to convert these dangerous chemi-
cals into benign ones, but the systems can
be overwhelmed or damaged. When that
happens, ROS accu-
mulate in the cell and
can damage proteins,
lipids, and nucleic
acids. Although
extensive damage, or
damage to critical
features of the cell,
may trigger cell
death, many cells can
tolerate and repair

the occasional hit
from ROS.
When the bal-

ance tips further in
favor of ROS, how-
ever, programmed cell death becomes a
near certainty, according toJohn Fruehauf,
M.D., Ph.D., associate professor of clini-
cal medicine at the University of California
at Irvine Chao Family Comprehensive
Cancer Center, Excess ROS, which the
cellular enzymes cannot neutralize, alters
the chemical environment within the
mitochondria. Once that happens, a pore
protein that forms a channel through the
mitochondrial membranes
jammed in the open position, allowing
cytochrome ¢ to escape into the cytoplasm
of the cell. Once free of the mitochondria,
cytochrome ¢ is a well-known instigator of
programmed cell death. Because cancer
cells already have excess ROS because

becomes

of their abnormal metabolic activity,
researchers have hypothesized that tumor
cells are more sensitive than healthy cells
to drugs that disrupt ROS cleanup. This
supposition may be particularly true in
melanoma, in which melanin synthesis
also releases ROS. In vitro and preclinical
data with elesclomol and other ROS-
disrupting agents seem to support that
hypothesis.

Scientists have known for many years
that the mitochondria must keep striet
control of ROS, but the full details of how
the components of that system, cell signal-
ing, and programmed cell death fit
together have only recently become clear.
“I think, as oncologists
who do therapeutic
development, we need
to take a fresh look at
this [ROS]-targeting
paradigm. So many of
these were considered
backwater for a long
time, but they have
reemerged” as poten-
tially important tar-
gets, Froehauf said.

Elesclomol appears to induce the pro-
duction of ROS by activating an intracellu-
lar enzyme (Synta Pharmaceuticals, maker
of elesclomol, declined to provide more
specific information about which enzymes
may be activated). Several other investiga-

John Frughaul, M.D., Ph.D.

tional agents currently in clinical trials act
by blocking ROS cleanup.

“If [this mechanism)] sensidzes the can-
cer cell to other forms of mitochondrial cell
death, which other chemotherapy agents
act through, this would be a nice common
mechanism we've been looking for in
oncology,” O’Day said.

For example, Fruehauf is testing a com-
bination of the chemotherapy drug temo-
zolomide and an experimental agent called
ATN-224 in a phase II trial in patients with
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metastatic melanoma. ATN-224 inhibits a
key enzyme required for ROS inactivation,
and temozolomide damages DNA. And
because both excess ROS and DNA dam-
age can trigger apoptosis, the combination
may be lethal to cancer cells, Fruechauf
said. Healthy cells can tolerate the excess
ROS and, in theory, will survive the
ROS onslaught. Elesclomol also seems to
increase the activity of many standard che-
motherapy agents in vitro, which may sup-
port that hypothesis.

Interesting Trial Design

The elesclomol trial is also interestng
because there are few good ideas for new
melanoma drugs. O’Day acknowledges that
the trial is small, which could be problem-
atic, but he said they need to try something
new in melanoma.

“For 30 years, we have nothing to
show in terms of rigorous randomized tri-
als, and some of the problem has been
that we do these small, single-arm studies.
You see a few good outcomes—and mela-
noma is a very heterogeneous disease—
then they launch these huge
700-patient trials and they are all nega-
tive. So here the whole goal was to pick an
endpoint that was stricter than response
rate, meaning progression-free survival,
and do a randomized, placebo-controlled
trial.”

In addition to the experimental arm’s
success in progression-free survival, eight
patients (15%) in the experimental arm
had an objective response—compared with
just one (3.8%) in the control arm. The
researchers also found that patients on the
combination therapy survived longer than
those taking paclitaxel alone: 12,0 months
in the experimental arm versus 7.8 months
in the control arm. However, overall sur-

and

vival was not a predetermined endpoint in
the trial, and patients were allowed to
cross over to the experimental arm after
disease single-agent
paclitaxel.

While melanoma researchers agree in
general that using randomized phase II
trials is a move forward for the field, some
individuals think that the specifics of the

elesclomol trial were cause for concern

progression on
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and may increase the likelihood that the
subsequent phase I trial will fail. For
example, the trial design called for a 2:1
randomization scheme, so 53 patients were
assigned to the experimental arm and 28
to the control arm. That means a small
control arm in a disease that, as O'Day
himself said, is different from patient to
patient.

However, that’s not a reason to disre-
gard the trial, said Edward Korn, Ph.D., of
the biometric research branch at the
Nadonal Cancer Institute, who has been
studying past melanoma trials to find his-
torical benchmarks. “If they had just shown
us the one experimental arm with the 53
patients, no one would believe any of this

The near complete lack of
responders in the control arin
sparks concern. “That is not
what we think [U!('/ihr’.‘\‘('/ does

by itself in welanoma. It
gives you the sense that there
is soimething wrong with that

control arm.”

because you can really fool yourself if you
happen to get a good group of patients. T
think it is more convincing [as randomized
wrial], but T wish they had made it two to
three times larger.”

Melanoma researchers have also raised
concern about an imbalance between the
two arms in the proportion of patents
with Mlc disease. These patients, who are
known to have poorer overall survival,
made up 75% of the padents in the con-
trol arm, compared with 53% in the
experimental arm. That difference could
tip the trial in favor of the experimental
arm, according to Keith Flaherty, M.D.,
assistant professor of medicine at the
University  of
Philadelphia.

O’Day noted that in a small phase TT
trial there are bound to be some imbal-
ances like this one. The trial investigators

Pennsylvania in

did not stratify patients that way because
Mlc disease is not associated with differ-
ences in progression-free survival, which
was the primary endpoint of the trial. It is
associated with poorer overall survival,
which the trial did not inidally aim to
measure.

The near-complete lack of responders
in the control arm also sparks concern for
Flaherty. “That is not what we think
paclitaxel does by itself in melanoma. It
gives you the sense that there is some-
thing wrong with that control arm,” he
said.

However, the investdgators disagree. “I
do not understand the comments that the
paclitaxel-alone group had particularly
poor said Alexander
Eggermont, M.D., Ph.D., head of surgical
oncology at the University Hospital
Rotterdam—Daniel den Hoed Cancer
Center in The Netherlands, who is the
primary investigator for the European por-
don of the phase IIT trial with elesclomol.
“On the contrary: It had standard perfor-
mance.” In a recent phase I1I trial, patients
treated with another single-agent therapy
in the control arm had a median 1.6-month
progression-free survival, which is similar
to the 1.8 months achieved in this phase TT
trial, he said.

The data are promising enough that
GlaxoSmithKline has parmered with the
Synta Pharmaceuticals on an international
phase III trial designed to enroll 630
patients and test for prolonged progression-
free survival and overall survival.

Both Eggermont and O’Day acknowl-
edge that small trials can be misleading.
But they say that, thus far, the develop-
ment of elesclomol has been done using a
conservative trial design. And, given the
outcome of that early trial, the only thing
to do now is to move into a large patient
population to see whether the benefit
remains.

performance,”

“Certainly there are still major risks as
for whether this will turn out to be a posi-
dve phase IIT trial, but to do a randomized,
placebo-controlled trial at this stage of the
disease is a step forward,” O’Dhay said.

© Oxlord University Press 2007. DOI: 10.1093/inci/djm?299

Vol. 100, Issue 1 | January 2, 2008



