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Neurodevice startups target peripheral nervous system

This August, GlaxoSmithKline announced
their $50-million Action Potential Venture
Capital funding program, the latest step from
the London-based pharma giant to support
the nascent neuroengineering industry.
Devices that modulate neuronal activity to
treat neurological disorders or pain have, until
recently, consisted of implants that directly
modulate central nervous system (CNS)
function, through deep brain or spinal cord
stimulation. These approaches are the near-
exclusive domain of large medical companies
such as Medtronic of Minneapolis; Boston
Scientific of Natick, Massachusetts; and
St. Jude’s Medical of Little Canada, Minnesota.
By contrast, a new generation of neuromod-
ulation devices that manipulate peripheral
nerves potentially provide an equally effec-
tive and less invasive alternative. Startups in
the field are releasing promising early data
and drawing attention. “We see a long-term
opportunity for an exciting new class of medi-
cines,” says Kristoffer Famm, head of R&D at
GlaxoSmithKline’s bioelectronics program.
Resources are finally starting to flow, as
investors recognize these new technologies
are a smart future bet. Last fall, Cyberonics
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It looks like a smart phone, but this is NEMOS—a
transcutaneous vagus nerve stimulation device.
Users wear the ear electrode like an earphone as a
treatment for epilepsy.
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of Houston, Texas, made an initial €2
($2.6)-million investment in Cerbomed, and
ElectroCore of Basking Ridge, New Jersey,
landed $40 million to develop its handheld
vagus nerve stimulation (VNS) device from
investors that include the Merck Global
Healthcare Innovation Fund. Most recently,
SetPoint Medical, of Valencia, California,
became the first company to be selected
for backing by GlaxoSmithKline’s Action
Potential fund. Famm says this is only the
starting point—his division is sponsoring an
upcoming summit in December where lead-
ers in the field will chart a course for future
research and is also providing support to
academic laboratories engaged in early-stage
neuromodulation research. “This is explor-
atory work to establish a spectrum of diseases
that we have reason to believe are amenable
to neural-axis intervention,” he says. “What
were seeing today are the first steps away
from directly targeting the CNS and the spi-
nal cord—but I think we're only scratching
the surface”

The first implantable VNS device for
epilepsy was approved by the European
Commission in 1994, and three years later by
the US Food & Drug Administration (FDA).
This device, manufactured by Cyberonics,
consists of a surgically implanted pulse gen-
erator connected to an electrode wrapped
around the vagus nerve near the base of
the neck. Over 100,000 patients have been
implanted so far. As an alternative, Los
Angeles-based NeuroSigma has drawn on
research from Christopher DiGeorgio at
the University of California at Los Angeles
(UCLA), demonstrating that epileptic
patients can gain similar benefits from
stimulation of the trigeminal nerve, a criti-
cal component of the facial sensory system.
Because the trigeminal lies close to the skin,
unlike the more deeply buried vagus, it can be
stimulated transcutaneously through a patch
worn on the forehead. Short-term treatment
data from a randomized control trial using
NeuroSigma’s external trigeminal nerve stim-
ulation device was positive enough to war-
rant going ahead with a larger pivotal trial
(Neurology 80,786-791,2013). NeuroSigma’s
eTNS system is already commercially avail-
able in the EU and Canada. Cerbomed of
Erlangen, Germany, is working toward the
same end with NEMOS—a wearable device
that selectively targets a small branch of the
vagus nerve within the outer ear. As patients
have no way of knowing whether VNS will
treat their epilepsy until they undergo sur-
gery, such externally worn devices could offer
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a valuable first-line alternative that allows
patients to then decide whether to proceed
with an implant.

Obstructive sleep apnea is another major
focus, with at least three companies develop-
ing bioelectronic implants for this indication,
including Inspire Medical in Minneapolis;
Nyxoah in Mont-Saint-Guibert, Belgium;
and ImThera Medical in San Diego. Patients
with apnea sporadically stop breathing dur-
ing sleep owing to loss of muscle tone in their
upper airway, and they can develop severe
cardiovascular and metabolic problems as
a result. Effective treatment is available but
requires cumbersome equipment, and up
to 50% of patients cannot fully comply with
therapy. As an alternative, ImThera Medical
created an implant that delivers precisely
modulated signals to the hypoglossal nerve,
which controls the tongue. “The concept is to
stop the tongue from falling back,” explains
ImThera CEO Marcelo Lima. “We restore the
tone these muscles experience during wake-
fulness, because patients do not have apnea
when they are awake” Lima hopes to run a
pivotal controlled clinical trial next spring.

Targeted peripheral nerve stimulation
could offer a solution for chronic pain indi-
cations. “Nothing really worked for cluster
headaches or migraines before, and now we
can use peripheral nerve stimulation,” says
Konstantin Slavin, a neurosurgeon at the
University of Illinois at Chicago. Indeed,
medical device industry leaders like Boston
Scientific, Medtronic and St. Jude’s have all
thrown their hats into the ring, with clinical
trials underway to test their various technolo-
gies for treating migraines or chronic clus-
ter headaches by targeted stimulation of the
occipital nerve. Cerbomed is also testing their
wearable NEMOS VNS device in migraine
patients, with a randomized control trial cur-
rently underway at the University of Munich.
Much of this work is based on essentially
overriding pain signals before they can be
communicated throughout the CNS, accord-
ing to Slavin. “We are providing nonpain-
ful stimulation that floods the gate-control
mechanism in the spinal cord, stopping
transmission of painful information,” he says.

An implantable device from Neuros
Medical, based in Cleveland, Ohio, may
offer localized relief to people experiencing
amputation pain. “When you cut a nerve, the
nerve tries to regenerate, but there’s nowhere
to go so it forms a bulb called a neuroma
that becomes painful,” explains chief tech-
nology officer Zi-Ping Fang. Their Altius
device delivers high frequency, alternating
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Korea’s 9 billion injection

The Korean government has pledged nearly $9
billion over the next 5 years to help domestic
drug makers develop 20 new medicines, a set
of strategies entitled Pharma Korea 2020. The
government will give tax breaks to local pharma
companies investing in R&D, and $448 million
to help them expand their market presence

and acquire overseas drug makers. Past annual
investment in Korean pharmaceutical R&D has
been $860 million from both government and
private capital. To meet the Korea 2020 goals,
Kyeong-ho Lee, chairman and CEO of the Korea
Pharmaceutical Manufacturers Association,

in a recent editorial, stressed the importance

of attracting overseas talent and in-licensing
drug candidates from international companies.
He encouraged the industry to secure 20-30
new drug candidates from abroad in hopes of
developing one global blockbuster, and focus
on overseas mergers and acquisitions to expand
local manufacturing and marketing capacity.
Lee listed Israeli company Teva of Petach

Tikva as an example worth emulating for its
emphasis on generics, which analysts say is the
foundation for Korea’s growth plans. “Korean
companies suffer from a lack of R&D resources,
and... the acquisition of biosimilar expertise

is viewed as one way for companies to move

up the added-value scale: from biosimilars, to
bio-betters, to genuinely innovative drugs,” said
Robert McTiernan, a healthcare analyst with IHS
of Englewood, Colorado. In June, local biotech
Celltrion, of Incheon City, received positive
recommendations from the European Medicines
Agency for Inflectra and Remsima, biosimilars
of blockbuster biologic Remicade (infliximab),
made by Johnson & Johnson of New Brunswick,
New Jersey, for the same indications. In the
same month, AstraZeneca of Cambridge, UK,
expressed an interest in acquiring the Korean
biotech. Allison Proffitt

IN their words

“We have a tremendous
enthusiasm about the
potential of stem cell
therapy. That said, these
aren’t magical agents that
run around your body and
fix things.” George Daley
of Harvard voices his
concerns over businesses
touting stem cells as cures without scientific
evidence to support their claims. (The New York
Times, 9 September 2013)

“I’'m very proud of what we are doing. | get upset
when people start talking trash about what is
done south of the border.” Javier Lopez, founder
of Tijuana’s Regenerative Medicine Institute
speaks of bias against his stem cell therapies.
(The New York Times, 9 September 2013)
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current to block conduction at the affected
nerve, and Fang reports that patients can
receive anywhere from three hours to a day’s
worth of pain relief after remotely switching
on the device in response to pain onset. The
company is now awaiting FDA approval to
embark on a pivotal trial for Altius next year.

Depression and other neuropsychiatric
disorders could be tackled by implanted or
external neuromodulators. The Cyberonics
VNS implant has been approved by the FDA
for use in treatment-resistant depression,
although adoption is still relatively low due to
lack of reimbursement support. NeuroSigma’s
wearable device could offer a more appeal-
ing solution for patients and insurers, and the
company has reported that their eTNS system
can deliver relief to patients with treatment-
resistant depression, based on an open-label
study in which 4 out of 11 patients went into
remission (Epilepsy Behav. 28,221-226,2013).

Stimulating the trigeminal nerve also avoids
most of the side effects that can arise from
excess stimulation of the vagus, which regulates
many other autonomic processes throughout
the body. Furthermore, this facial nerve gen-
erally appears to be an important integrator in
how humans respond to their environment.
“In our positron-emission tomography stud-
ies, we have found that the areas of activation
[from the trigeminal nerve] are very wide-
spread,” says Ian Cook, a UCLA researcher and
NeuroSigma’s senior medical advisor, “includ-
ing areas profoundly important for things
like regulating energy, sleep-wake cycles and
appetite, as well as emotion, attention and con-
centration” UCLA and NeuroSigma are coop-
erating in pilot studies using their device eTNS
for treating post-traumatic stress disorder and
attention-deficit hyperactivity disorder.

At the University of Wisconsin’s Tactile
Communication and Neurorehabilitation
Laboratory (TCNL) in Madison, scientists
are applying peripheral nerve stimulation
to tap into the brains plasticity to treat
symptoms from various neurological disor-
ders. Yuri Danilov, Mitchell Tyler and Kurt
Kaczmarek have devised a system that acts
on the CNS by stimulating the tongue’s dense
network of nerve endings using an array of
electrodes. “The tongue is connected directly
to the brain via the brain stem through two
cranial nerves,” explains Danilov, “and the
brain stem is essentially a master control cen-
ter” This technology was initially tested in
balance-impaired patients to ‘coach’ the brain
in temporarily recovering directional sense,
but the effects proved surprisingly enduring.
The team is now embarked on more exten-
sive studies pairing neurostimulation with
physical and cognitive training for trau-
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matic brain injury in Iraq and Afghanistan
veterans and with Baylor College of Medicine
for Parkinson’s disease.

Inflammation is also amenable to neuro-
stimulation treatment. One company,
SetPoint, bases its strategy on research from
Kevin Tracey, of The Feinstein Institute for
Medical Research in Manhasset, New York,
who first identified an anti-inflammatory
response to VNS in 2000 (Nature 405,
458-462, 2000) by uncovering an extensive
axis of neuro-immune regulation. Now,
the Valencia, California-based company is
exploring VNS as an alternative to costly
biologic drugs for autoimmune inflamma-
tory conditions such as rheumatoid arthri-
tis. “You can start to affect the function of
the immune cells with very brief periods of
stimulation,” explains chief medical officer
Ralph Zitnik. “We’ve reported that even a
minute once a day to four times a day can
give us clinical responses in RA [rheumatoid
arthritis]” This also mitigates the potential
side-effects of prolonged VNS, and patients
to date have reported only transient discom-
fort at worst during stimulation. In an open-
label pilot study in Europe, six out of eight
rheumatoid arthritis patients showed signifi-
cant clinical improvement and two of the six
essentially experienced remission.

Despite the promise that many patients
might one day be able to modulate their health
from a smartphone-sized device, progress has
been limited by the realities of the startup world
and the fundamental challenges of bringing
new medical devices to market. Many compa-
nies have improvised solutions to affordably
test the principles underlying their technology
before investing in a prototype. For example,
SetPoint has been doing its early studies with
the FDA-approved Cyberonics VNS implant,
whereas Neuros Medical employed a bulky
external pulse generator connected to periph-
eral nerves through implanted electrodes with
a minimally-invasive percutaneous interface,
developed at nearby Case Western Reserve
University. “We wanted to test the feasibility
of whether we can relieve pain,” says Fang, “so
we spent a year getting that system done and
not even a million dollars in development,
and that way we were able to get into our first
human subjects” Both companies have since
designed proprietary devices for use in future
pivotal trials.

Also, FDA regulations set an extremely
high and costly bar for device approval, and
many companies are finding Europe a bet-
ter route to market initially. “It is still less
expensive to do things in Europe,” says Lima,
“which is amazing—we never expected that”

Michael Eisenstein Philadelphia
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