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Human pain neuroscience
and the next generation of pain therapeutics
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The recent approval of suzetrigine for acute pain treatment highlights both the success of targeting peripheral
sensory neurons for pain management and the potential of developing new pain therapies primarily in human-
based systems. To realize this transformative potential, further research into somatosensation and pain neu-
roimmunology in human systems is essential.

The U.S. Federal Drug Administration
approval of suzetrigine (Vertex Pharma-
ceuticals) for moderate to severe acute
pain is a turning point for the pain field.
Suzetrigine is a specific and potent inhib-
itor of the voltage-gated sodium channel
Nav1.8." This channel is preferentially ex-
pressed in peripheral sensory neurons
specialized to detect noxious stimuli,?
called nociceptors, whose cell bodies
reside in the dorsal root ganglion (DRG)
and trigeminal ganglion (TG) of mamma-
lian species, including humans. The se-
lective expression of Nav1.8 in human no-
ciceptors, in comparison with that of other
neurons in the central or autonomic ner-
vous system, is a key factor in the safety
and specificity of this therapeutic target’
and supports more expansive targeting
of nociceptor-specific proteins for treat-
ing acute, and potentially some chronic,
pain disorders. Indeed, additional inhibi-
tors that target Nav1.8 and Navi.7,
another voltage-gated ion channel highly
expressed in human nociceptors, are
already under development. The approval
of suzetrigine is likely to be the first in a se-
ries of new drugs that target nociceptors
for acute and chronic pain. However, in

order to fully realize this potential, a
more detailed understanding of human
nociceptor-specific gene expression pat-
terns will be required.

Suzetrigine’s path to the clinic was
different from that of most other drugs
that have gone through clinical trials for
pain in the past two decades. This target
was selected based on human genetics:
some individuals harboring genetic muta-
tions of Nav1.8 gene (SCN10A) have a
rare condition called congenital insensi-
tivity to pain.® Suzetrigine was developed
by using a screening funnel that focused
on human recombinant Nav1.8 channels
with human DRG neurons recovered
from organ donors to assess functional
efficacy. This drug does not inhibit
Nav1.8 outside of human and non-human
primate species,’ so no preclinical effi-
cacy screening was done in rodent
models, which have long been the main-
stay of target identification and validation
in the pain field. This human-focused
effort has now led to the approval of the
first new acute pain drug acting on a novel
target in many decades and should
reduce overall opioid consumption for
acute post-surgical and post-traumatic
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pain. This new option for acute pain treat-
ment represents an important step in the
direction of reducing the opioid epidemic
in America.

Although suzetrigine is an exciting new
advance for acute pain treatment, its
role in neuropathic and chronic pain con-
ditions remains to be seen. Two chronic
pain clinical trials of suzetrigine have
been disclosed: a phase 2 trial in diabetic
neuropathic pain and a phase 2 trial in
lumbar radiculopathy, a low-back pain
condition characterized by pain radiating
down one or both legs. The disclosed
but unpublished data suggest that suze-
trigine was statistically more effective
than placebo in the diabetic neuropathic
pain trial but not in the radiculopathy trial.
Results from these and other ongoing tri-
als will further clarify the role of Nav1.8 in-
hibitors for chronic pain. In any case, it is
clear that improved understanding of
mechanisms to inhibit human nociceptors
can lead to effective and novel treatment
options for multiple types of pain.

In parallel, the rise in opioid-related
deaths has prompted an urgent need for
the development of safe, non-addictive
analgesics. Tasked to address this crisis,
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the NIH Helping End Addiction Long-term
(HEAL) Initiative established an innovative
new program in 2022 focused on human
pain biology: the PRECISION Human
Pain Network. PRECISION presently
comprises four research centers and a
data coordinating center that aim to apply
cutting-edge technologies to molecularly
profile human nociceptors and other
pain-related cells and networks in both
physiological and chronic pain states. Us-
ing both healthy tissues and those
obtained from individuals with chronic
pain, the PRECISION program hopes to
provide additional mechanistic insight
into vexing pain conditions that have
not seen the development of effective
new treatment strategies and accelerate
the development of new, non-opioid
pain therapeutics. Importantly, all data
generated by PRECISION will be freely
available to the public through its web
portal (http://precisionpainnetwork.com;
https://sparc.science/about/consortia/
precision), which already includes several
published datasets,*® protocols,” and a
harmonized atlas of DRG and TG neurons
across species.®

A primary goal of these centers is
to develop comprehensive datasets
describing the genes, proteins, cell types,
and functions of tissues in the human
body that transmit normal, and potentially
pathological, sensory information related
to pain. Although single-cell and spatial
multi-omic profiling of human pain-related
tissues—including DRG, TG, peripheral
nerves, and spinal cord—is the primary
endpoint for many of these studies, scien-
tists are also applying physiological tech-
niques like patch-clamp electrophysi-
ology, microneurography, and cellular
signaling to match physiology to gene
expression patterns. There is also an
effort to profile tissues that are innervated
by somatosensory neurons in painful dis-
ease states such as the lumbar discs of
low-back patients or painful peripheral
neuromas. By carefully phenotyping pa-
tients, the PRECISION Human Pain
Network plans to identify molecular and
cellular correlates with human pain condi-
tions that can be targeted therapeutically
to alleviate pain.

Three exciting areas of science and
medicine now intersect, giving us an
incredible opportunity to fundamentally
change how chronic pain will be treated.

First, the scientific work behind the
approval of suzetrigine validates that hu-
man nociceptors can be specifically tar-
geted for pain relief. Second, the
increasing availability of de-identified hu-
man nervous-system tissues such as
DRG, TG, and peripheral nerves from do-
nors who have consented to research
(e.g., from organ procurement organiza-
tions, autopsies, and surgeries) creates
new opportunities for human neurosci-
ence insights into pain mechanisms. In
many cases, human cells can be main-
tained in vitro and studied at both the mo-
lecular and physiological levels. Third, the
amazing advances in high-throughput
multi-omics technologies now enable
studies into human diseases with a level
of detail that was unimaginable even a
few years ago. Through integrated multi-
omic and multi-modality characterization
of the peripheral and central nervous sys-
tem across multiple tissues and different
pain conditions, the PRECISION Human
Pain Network is well positioned to identify
the genes, proteins, cells, and networks
underlying a range of chronic pain and
headache conditions. With this and other
emerging efforts in the pain field, we
anticipate identifying a range of new
therapeutic strategies for safely and
effectively offering the development of
non-opioid analgesics in the near future.
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