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Selective Blockade of the Sigma 1 Receptor Has Beneficial Effects
on Both Acute and Chronic Oxaliplatin-Induced
Peripheral Neuropathy
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Chemotherapy-induced peripheral neuropathy (CIPN) is one
of the main dose-limiting adverse effects of a number of first-
line cancer treatment regimens that include neurotoxic chemo-
therapeutic agents (e.g., taxanes, platinum compounds, vinca
alkaloids, and proteasome inhibitors) [1, 2]. Causing signifi-
cant reductions in quality of life and functional status, CIPN
typically presents in a symmetrical Bglove-and-stocking^ dis-
tribution [3]. Patients suffer from a variety of sensory symp-
toms, including dysesthesias, paresthesia, numbness, tingling,
hypersensitivity to heat or cold stimuli, as well as lancing,
burning, and neuropathic pain [4]. The chemotherapeutic
agents do not appear to target motor axons. Although conven-
tional treatments for neuropathic pain have been used in pa-
tients with CIPN (e.g., tricyclic antidepressants, lidocaine
patches, gabapentin, duloxetine, others), they have been large-
ly ineffective. Only duloxetine has been shown to provide
clinically meaningful neuropathy relief in patients with chron-
ic CIPN [5]. Most often, when symptoms of CIPN emerge,
dose reduction or cessation of the chemotherapeutic agent is
frequently the only solution. However, ending lifesaving can-
cer treatment is suboptimal [6].

In patients with colorectal cancer, the third leading
cause of death among both men and women in the USA
[7], the chemotherapeutic drug oxaliplatin is widely used

in combination with several other agents [8]. Oxaliplatin
produces 2 distinct clinical CIPN syndromes: the first is
an acute, transient, and reversible hypersensitivity to
touching or swallowing cold liquids, which affects up to
85% of patients [9, 10], and resolves within a few days.
Mechanistically, this acute neurotoxicity is thought to
arise from actions of oxalate, one of the main metabolites
of oxaliplatin, on voltage-gated ion channels [11]. Despite
this mechanistic insight, pretreatments with Ca/Mg infu-
sions to prevent chelation of intracellular calcium by ox-
alate have failed to demonstrate a significant improvement
versus placebo in a phase III randomized controlled clin-
ical trial [12]. Thus, patients continue to suffer with acute
neurotoxicity due to colorectal cancer treatment. The sec-
ond CIPN syndrome associated with oxaliplatin is a cu-
mulative, chronic sensory neuropathy, with features simi-
lar to CIPN arising from other platinum agents (e.g., cis-
platin, carboplatin) [10]. Unlike the acute form, chronic
oxaliplatin-induced peripheral neuropathy (OIPN) can last
long after treatment has ended, and, for decades, can have
long-lasting negative consequences on quality of life and
functional status. Mechanistically, chronic oxaliplatin
neuropathy has been attributed to oxidative stress, mito-
chondrial dysfunction, and axonal degeneration from drug
accumulation in dorsal root ganglion neurons [13]. As
with the acute neurotoxicity, there are currently no effec-
tive prevention or treatment strategies.

With such a dire need for new therapeutic strategies to treat
both acute and chronic OIPN, the study by Bruna et al. [14] in
this issue of Neurotherapeutics is both timely and important.
In this clinical trial, the authors tested the efficacy of MR309,
a novel selective sigma-1 receptor antagonist. The sigma-1
receptor has been shown to modulate several types of recep-
tors and ion channels [15], and the sigma-1 receptor on the
mitochondrion-associated endoplasmic reticulum member
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can modulate intramitochondrial calcium and control calcium
homeostasis [16]. In addition, these receptors modulate
nociception and regulate neuritogenesis [17, 18]. In a rodent
model of CIPN, MR309 reduced allodynia and hyperalgesia
[19], although the chemotherapeutic agent was a taxane, not a
platinum compound.

In this study by Bruna et al. [14], 124 chemotherapy-naïve
patients with colorectal cancer scheduled to receive
oxaliplatin as one component of their chemotherapy regimen
were randomized to either 1 daily oral dose of 400 mg of the
study drug (MR309) or placebo for the first 5 days of each
chemotherapy cycle, up to a maximum of 12 cycles. The trial
was carried out at 5 major European hospital centers, and
baseline demographic variables were similar across the 2 treat-
ment groups. Outcome measures included changes in thermal
sensitivity, the Total Neuropathy Score, nerve-conduction ve-
locity parameters, and health-related quality of life. The re-
sults were encouraging. Compared with placebo, MR309 sig-
nificantly reduced cold hypersensitivity, implying decreased
acute OIPN, and the proportion of patients who developed
severe chronic neuropathy was lower. In addition, patients
randomized to the active treatment arm were able to receive
significantly more oxaliplatin than placebo-treated patients,
although this is based on raw dose and not body surface
area-adjusted dose. In terms of the safety profile of MR309,
the proportion of patients with at least 1 adverse event related
to the study drug was higher in the treatment group compared
with placebo.

Despite the successes, there were several limitations asso-
ciated with this study, and the authors rightly characterize the
study as Bproof-of-concept exploratory .̂ First, there were a
significant number of patients who withdrew prematurely
from the study (27 in the MR309 group; 36 in the placebo
group) largely owing to cancer progression. This limited the
statistical power of the study. However patients did not with-
draw from the study owing to adverse events related to the
study drug, so the withdrawals were not clinically significant.
Second, owing to the exploratory nature, no primary and sec-
ondary endpoints were predefined, and no adjustments for
multiplicity of the various endpoints were made. Thus, the
potential for type I error was not controlled for, and that could
confound the study results.

Despite the limitations and the exploratory nature of the
study, the results are very encouraging in a field with few
successful randomized controlled trials of effective interven-
tions. Moreover, the promising results provide clear direction
for future studies of the efficacy of MR309 to treat OIPN and,
perhaps, CIPN due to other neurotoxic chemotherapeutic
agents.
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