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1. Summary of the impact (indicative maximum 100 words)

Research at Imperial College showed that the "inert" gas xenon binds to, and inhibits, a particular
subtype of glutamate receptors. The over activation of this receptor is known to be pivotal in the
brain damage caused following stroke, cardiac arrest or traumatic injury, which suggested xenon
might be neuroprotective. The demonstration at Imperial College that this was indeed the case,
led to the formation of a company, Neuroprotexeon, with ~35 people working in the UK, USA and
Germany, and to the initiation of a pivotal Phase Il trial investigating the efficacy of xenon in
treating brain injury following cardiac arrest.

2. Underpinning research (indicative maximum 500 words)

There is an urgent need for a safe and effective treatment for brain injury following stroke, cardiac
arrest or traumatic injury. Current treatments are generally ineffective. The possibility that the
noble gas xenon might be used as a neuroprotectant arose from work carried out at Imperial
College on the molecular mechanisms underlying general anaesthesia. One of the great
attractions in the possibility that xenon might be neuroprotective was that xenon is known to be
non-toxic and cannot be metabolised. Therefore, the most frequent reason for the failure of
therapeutic interventions - toxicity of the drug or its metabolites - would likely be avoided. Xenon
was known to have anaesthetic properties since the 1950s, but its molecular targets were
unknown. In 2000 Franks and colleagues followed up an earlier brief report in Nature showing that
the NMDA subtype of glutamate receptors was the likely target for xenon, with the gas selectively
inhibiting its activity at anaesthetic concentrations [1]. Because the activation of this ion channel-
receptor had already been established as playing a pivotal role in neuronal cell death following
injury, this suggested that xenon might act as a neuroprotectant by limiting NMDA-receptor
activation; initial patents were filed [2, 3].

Subsequently, in 2002/3, Professors Franks, Maze and their colleagues at Imperial College
demonstrated that xenon was, indeed, neuroprotective both in vitro and in vivo [4, 5] and published
a further 53 papers [e.g. 6, 7] describing neuroprotective properties of xenon and other noble
gases. Since these initial publications, there has developed a burgeoning field investigating the
neuronal and cardio protective properties of xenon and other “inert” gases, and many hundreds of
publications have appeared since the initial report in 2002.

A phase | trial [8] assessing gross safety and feasibility of delivering xenon to patients was carried
out at Imperial. The basic science showing that xenon was efficacious in animal models of brain
injury, together with this trial showing that xenon could be safely delivered to patients, provided
the impetus for commercialisation of the technology and funding of a pivotal trial.
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4. Details of the impact (indicative maximum 750 words)

Industry investment and commercialisation

Shortly after the initial discovery that xenon was an inhibitor of NMDA receptors, Air Products inc.
in July 2000 invested £750,000 in the formation of a spin-out company Protexeon Ltd. This
company, through the work of the Imperial College Co-Founders, Professors Franks and Maze,
developed the intellectual property portfolio that underpinned the subsequent clinical development
of xenon as a neuroprotectant. In total, eight distinct patent families were developed.

In 2014 a new company, Neuroprotexeon Ltd. [A] was incorporated in the UK and £1.9 million
raised in an initial round of funding, and an additional £3.2 million raised in a subsequent funding
round. Professors Franks at Imperial College served as a Director, and chaired the Scientific
Advisory Board of this new company. In 2015 the company entered into a twelve-year exclusive
contract with Praxair Inc. for pharmaceutical grade xenon. Praxair is the largest industrial gas
company in the Western Hemisphere, and one of only a handful able to produce clinical grade
xenon [B]. In 2016, the company formed a strategic partnership with Penlon Ltd., a medical device
company, to advance the development and production of an in-hospital adult xenon delivery
device [B].

In 2017 the company entered into a licensing agreement with Mallinckrodt plc for the
development and commercialisation of pharmaceutical-grade xenon gas for inhalation therapy.
Specifically, for xenon to be evaluated to improve survival and functional outcomes for patients
resuscitated after a cardiac arrest. This provided $10 million in up-front and up to $25 million in
milestone payments [C], together with tiered net-sales-based royalties, to reimburse
Neuroprotexeon for product development costs, in exchange for exclusive rights to commercialise
the therapy in the USA, Japan and Australia [C].

In 2018, Neuroprotexeon entered into a partnership with Linde plc, to aid in the development of
xenon to treat Post Cardiac Arrest Syndrome for the European Union plus United Kingdom,
Switzerland, Norway and Iceland [D]. This agreement provided a further £20 million plus tiered
royalties. Sudden out-of-hospital cardiac arrest is the third leading cause of death in industrialised
countries. The EuReCaONE study [E] of 27 EU countries showed the incidence of out-of-hospital
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cardiac arrest is as many as 84 per 100,000 population, suggesting that ¢.426,000 patients could
be affected across the EU every year.

Neuroprotexeon has established a favourable regulatory position having secured Fast Track
status and Special Protocol Assessment from the FDA (US Food and Drug administration) for the
Phase Il trial (see below), as well as orphan drug status from both the FDA and the EMA
(European Medicines Agency).

Clinical trials

The first clinical trial was carried out at Imperial College to test the safety and feasibility of
delivering xenon to patients undergoing coronary artery bypass grafting surgery [F]. Xenon was
delivered to 16 patients throughout surgery using both a standard anaesthetic breathing circuit
and an oxygenator. This study concluded that xenon could be safely and efficiently delivered to
coronary artery bypass grafting patients while on cardiopulmonary bypass. A second trial, funded
by the Medical Research Council (UK) [G], investigated the possible use of xenon, combined with
hypothermia, to treat perinatal asphyxia [H]. Both trials showed that xenon could be safely
delivered to patients, but evidence for efficacy was lacking.

In 2015, the results [I] from the first Phase Il trial testing the efficacy of xenon combined with
hypothermia to treat 110 comatose patients who had experienced out-of-hospital cardiac arrest.
The primary end point was cerebral white matter damage as evaluated by fractional anisotropy
from diffusion tensor MRI, performed between 36 and 52 hours after cardiac arrest. Among
comatose survivors of out-of-hospital cardiac arrest, inhaled xenon combined with hypothermia
compared with hypothermia alone resulted in significantly less (P = 0.006) white matter damage
as measured by fractional anisotropy of diffusion tensor MRI.

These results were important in obtaining FDA and EMA approval for a Phase Il trial [J] to
determine if xenon combined with hypothermia was efficacious in treating brain injury following
cardiac arrest. This is a prospective, randomized, multicenter interventional trial in adult subjects
with out-of-hospital cardiac arrest comparing treatment with standard-of-care post-cardiac arrest
intensive care (targeted temperature management [TTM]), to xenon by inhalation plus standard-
of-care post-cardiac arrest intensive care (including TTM). The trial recruited its first patient in
December 2018 [J].

Potential for clinical benefit

There are no effective treatments for neurological injuries following trauma, stroke or hypoxia.
Because similar injury pathways are thought to occur, a demonstration that xenon was efficacious
in the cardiac arrest Phase Il trial would give tremendous impetus to the use of xenon in other
settings. Moreover, where no existing treatments exist, even small benefits can result in a
treatment being widely adopted, resulting in great clinical impact.
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