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Abstract: Toxicities associated with radiation therapy are common, symptomatically devas-
tating, and costly. The best chance to effectively mitigate radiation-associated normal tissue
side effects are interventions aimed at disrupting the biological cascade, which is the basis for
toxicity development, while simultaneously not reducing the beneficial impact of radiation on
tumor. Oxidative stress is a key initiator of radiation-associated normal tissue injury as
physiologic antioxidant mechanisms are overwhelmed by the accumulation of effects produced
by fractionated treatment regimens. And fundamental to this is the generation of superoxide,
which is normally removed by superoxide dismutases (SODs). Attempts to supplement the
activity of endogenous SOD to prevent radiation-induced normal tissue injury have included
the administration of bovine-derived SOD and increasing SOD production using gene transfer,
neither of which has resulted in a clinically acceptable therapy. A third approach has been to
develop synthetic small molecule dismutase mimetics. This approach has led to the creation
and development of avasopasem manganese, a unique and specific dismutase mimetic that, in
clinical trials, has shown promising potential to reduce the incidence, severity and duration of
severe oral mucositis amongst patients being treated with concomitant chemoradiation for
cancers of the head and neck. Further, avasopasem and related analogues have demonstrated
mechanism-related antitumor synergy in combination with high dose per fraction radiotherapy,
an observation that is also being tested in clinical trials. An ongoing Phase 3 trial seeks to
confirm avasopasem manganese as an effective intervention for severe oral mucositis asso-
ciated with chemoradiation in head and neck cancer patients.
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Introduction

The May 1954 issue of the journal Science included a paper which would have
a major impact on the understanding of the pathoetiology of ionizing radiation’s
toxic impact. For it was there that Rebecca Gerschman and her University of
Rochester colleagues described a series of experiments demonstrating that radiation
toxicity is associated with the generation of oxygen free radicals.' The results
described the impact of radiation-induced hydrolysis on the generation of reactive
oxygen species, a process occurring in cells with every fraction of radiation therapy.
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Cells are 70% water, and thus water is an abundant
target for ionizing radiation. Radiolysis during irradia-
tion initiates the formation of both hydroxyl radical
(*OH), which plays a key role in radiation therapy
tumor cell killing, and superoxide (0O,®), a major
cause of oxidative stress in normal cell damage, and
uncontrolled, a conduit to impair normal cell survival.”
In the hours following radiation, additional O,°* is
generated as enzymes, such as the NADPH oxidases,
are activated in irradiated cells.® Then, for days and
weeks after, inflammatory cells recruited in response to
the immediate injury can continue to produce O,*  in
substantial amounts.”

Given that cells are constantly under oxidative stress,
including constitutive generation of O,° from mitochon-
drial respiration, it is no surprise that internal mechanisms
have evolved to maintain physiologic homeostasis. Among
these mechanisms, O,°” converting enzymes were thought
to play a major role and in 1969, McCord and Fridovich
reported the discovery of the first superoxide dismutase
(SOD).” Superoxide dismutases are metalloproteins that
are now known to exist in human cells in three isoforms:
SOD1 (Cu/ZnSOD) in cytoplasm, SOD2 (MnSOD) in
mitochondria, and SOD3 (EcSOD) in the extracellular
space. While EcSOD is reported to be significantly
decreased in several tumor types, MnSOD is probably
the most significant in maintaining redox homeostasis
and playing a protective role in response to RT as evi-
denced by the observation that its absence is incompatible
with life.*”

Enzymatic degradation of superoxide occurs in two
steps: first the dismutation of O,*” to hydrogen peroxide
(H,0;) and molecular oxygen (O,) which is mediated
by SODs, and second the conversion of H,O, by other
enzymes. Radiation-induced O,°*", however, represents
an unusual and large burden that can overwhelm these
mechanisms. So, based on these earlier findings and
recognizing the potential of a SOD to potentially miti-
gate radiation-induced injury, in 1973 Lavelle et al
assessed a protective role for SODs in preventing radia-
tion-associated oxidative degradation of macromolecules
and micro-organisms.® Using Photobacterium leiognathi
exposed to ultraviolet radiation they confirmed the
importance of 0,%as a toxicity mediator and, impor-
tantly, observed that the addition of an exogenous
source of SOD effectively mitigated the O,°  toxic
effects.

Potential of SODs as

a Radioprotectant

Shortly thereafter, Petkau and his collaborators took the
important step of demonstrating that SOD had the poten-
tial to be applied therapeutically as a radioprotectant. They
found that SOD (source not identified, but presumably
bovine) injected intravenously into mice 1 hour before
total body irradiation, effectively increased the 30-day
LDso by 12% from 627 rads [1 rad = 0.01 Gy] to 700
rads.” Pre-radiation SOD also effectively resulted in
a reduction in lethality following exposure to 650 rads
from 72.5% in a saline control arm to 20.8% with exogen-
ous SOD. Inactivated SOD was ineffective, confirming the
role of dismutase enzymatic activity.

In a subsequent study, the same group reported that
bovine SOD radioprotection was markedly impacted by
the schedule of SOD administration.' While SOD infu-
sions immediately before (radioprotective factor 2.7) or
after radiation (radioprotective factor 1.9) were protective,
a schedule in which both times were used produced even
more dramatic results (radioprotective factor 9.5).

Also, in 1975, Marberger et al'' described a new drug
with anti-inflammatory properties. Orgotein was a bovine-
derived Cu/Zn SOD and within a year, the radioprotective
potential of the drug was suggested by studies in patients
receiving pelvic radiation who were at risk for treatment-
associated cystitis.'> By the end of 1977, a series of
patents had been filed by Huber et al with the US Patent
Office for Orgotein and its use to protect against radiation
therapy toxicities. Additional clinical studies performed
largely by the same group of investigators described the
efficacy of Orgotein administered either intravenously or
subcutaneously in mitigating radiation-associated therapy-
induced cystitis and/or intestinal toxicity (diarrhea) in
patients treated for cancers of the bladder, prostate, or
rectum.’> A 2002 report also describes the efficacy
(“some benefit”) of an aerosolized formulation of the
drug in managing radiation-associated toxicities in patients
being treated for cancers of the head and neck.'
Orgotein’s efficacy in mitigating late radiation toxicities
was further described in a randomized trial of 100 patients
who were treated with pelvic irradiation in which the drug
was administered throughout the course of therapy. At two
years following cancer therapy, patients who received
Orgotein were 37% less likely to develop late toxicities

vs controls.'
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In 1994, Orgotein was granted orphan drug status by
the US FDA for patients with mutations in Cu/Zn SOD
and was approved for use in humans for a short period in
some European countries. However, in contrast to the
positive results noted above, a trial in which cystitis and
proctitis were evaluated in patients being treated for blad-
der cancer had to be discontinued early (planned accrual
60 vs actual 30) due to unacceptable injection site side
effects associated with subcutaneously administered
Orgotein and no benefit was reported relative to the toxi-
city endpoints.'® As concerns grew about adverse reac-
tions to the drug, perhaps due to its bovine origin,
Orgotein was withdrawn as a human pharmaceutic.

Nonetheless, in aggregate, the results of the Orgotein
clinical trials demonstrated two important findings which
suggested the further development of SODs as an inter-
vention for radiation-induced toxicities — one related to
safety, the other to efficacy. With respect to safety, inter-
ventions for cancer regimen-related toxicities share
a potential vulnerability, they could mitigate normal tissue
toxicity at the cost of interfering with the anti-cancer
effectiveness of the treatment. For example, palifermin
(huKGF1) was successful in reducing the duration and
incidence of severe oral mucositis in patients receiving
concomitant chemoradiation for the treatment of head
and neck cancers.'” But, given the presence of KGF1
receptors on tumor cells, it appeared to do so at the
expense of CRT effectiveness. In contrast, Orgotein did
not impact tumor response. In fact, as would be demon-
strated later, SODs impact normal and tumor cells in
different ways and may enhance the tumoricidal effects
of CRT. With respect to efficacy, while not absolute,
Orgotein appeared to confer normal tissue radioprotection
consistently with different doses, formulations, and routes
of administration. In agreement with pre-clinical findings,
proximity of Orgotein administration to radiation was also
associated with the protective signal.

Further confirmation of SOD utility for radiation-
associated toxicities was suggested in 1994, when
Delanian et al'® reported the results of an open-label
clinical trial in 34 patients who received liposomal bovine
Cu/Zn, months to years after radiation therapy for tumors
at a range of sites. The liposomal preparation was given as
twice weekly intramuscular injections for 3 weeks. The
authors reported significant clinical benefit in the reduction
of the long-standing post-irradiation fibrosis.

Despite these successes, the pharmacological value of
native bovine SOD as a radioprotectant was undermined

by four factors: large molecular size which impaired per-
limited half-life,
Recognizing the therapeutic potential of SODs and seek-

meability, antigenicity, and cost.
ing to bypass the drawbacks associated with simply infus-
ing the enzyme, two approaches emerged: using gene
therapy to boost host expression of SOD;'? and developing
small molecule mimetics which not only avoided the lim-
itations of the native enzymes but also could be engineered

for improved behavior and efficacy.*

SOD Gene Therapy

In 1991, Inoue et al described the delivery of a fusion gene
coding for Cu/Zn SOD to harness the protective effects of
SOD against tissue injury in an animal model of postis-
chemic reflow arrhythmias.?!

Subsequent applications of gene therapy to enhance
SOD function have used both non-viral and viral vectors.
As noted by Maier et al,'” each approach has both merits
and drawbacks. While viral vectors tend to more effi-
ciently affect gene transfer (and are therefore more popular
in animal models), they come with baggage as they may
invoke inflammatory and immune responses and are not
easily produced. In contrast, non-viral vectors such as
plasmid/liposomes are more biologically benign and
cheaply produced, but at the expense of being less
efficient.

Using topically applied MnSOD-plasmid liposome
gene therapy, Greenberger’s group successfully demon-
strated radioprotective activity in the absence of adverse
tumor outcomes for a range of radiation-induced tissue
injuries in animal models, including oral mucositis.
Application of the HuSOD?2 transgene by orally adminis-
tering a plasmid/liposome vector to mice an hour before
a single 30 Gy radiation dose reduced the development of
mucosal ulceration 5 days later compared to controls.
Importantly, there was no radioprotection of orthotopic
xenografts in mice overexpressing HuSOD?2 after trans-
gene administration.”” The same group demonstrated
radioprotective effects on normal lung tissue using the
MnSOD transgene. They also observed prolonged survival
of mice radiated for the treatment of orthotopic tumors
with intravenously transgene-treated animals, showing
a reduction in the trajectory of tumor growth. This tumor
growth inhibition was attributed to a radiosensitizing
action on tumor cells due to H,O, produced from O,*",
in contrast to the radioprotective effect on normal tissue

from removing 0,°".%
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Greenberger subsequently tested the clinical safety and
feasibility of a HuSOD2 plasmid liposome approach in
a small (n=10) Phase 1 dose-escalation study in patients
receiving concomitant chemoradiation for the treatment of
locally advanced non-small cell lung cancer.* The objec-
tive of the trial was to identify a potential transgene dose
which could be used to mitigate radiation-induced esopha-
this
indication.?>*® The plasmid liposome approach was safe

gitis as earlier pre-clinical results supported
in these patients but unfortunately failed to demonstrate
expression of the plasmid.

Viral vectors have also been used to transfer SOD2
genes for radioprotection. Mice injected intraluminally
with human MnSOD gene using a herpes virus vector
were protected from injurious changes of the small intes-
tine as evidenced by villi morphology after irradiation.?’
Radioprotection of hematopoiesis was also reported with
retroviral transfer of the SOD2 genes in an erythroleukae-
mic cell line.”® And Yan et al confirmed the radioprotec-
tive potential of MnSOD using a murine model in which
recombinant adeno-associated virus 2 was the gene trans-

fer vector in a radiation skin injury model.*

Development and Characterization
of M40403 - A Small Molecule

Superoxide Dismutase Mimetic

While the potential therapeutic value offered by the anti-
inflammatory actions of the bovine SOD enzyme,
Orgotein, was significant, this drug had several properties
that limited its clinical utility. Most troubling was the
immunogenicity of the whole protein which was sourced
from cows and resulted in reported hypersensitivity reac-
tions, the cessation of clinical trials, and ultimately
removal from the market.>® Its large size (MW of 32K),
limited cell permeability, short circulating half-life, and
bell-shaped dose-response were also problematic.’’ But
the mechanistic potential of increasing SOD activity as
an anti-inflammatory and radiation cytoprotective agent
remained obvious.

With the challenges facing gene therapy approaches to
increasing SOD activity, especially when treating an acute
syndrome such as radiation exposure rather than chronic
disease, attention was focused on small molecule SOD
mimetics. Following the acquisition of G.D. Searle in
1985,
Monsanto led by Riley to seek to develop a synthetic

these observations spurred researchers at

SOD enzyme, or “dismutase mimetic,” building on the

chemical company’s expertise in catalysts. Their objective
was to overcome the limitations of the naturally occurring
SODs as human drugs, while simultaneously maintaining
or increasing enzymatic activity and selectivity. In addi-
tion, they also noted that if the compound was to have
therapeutic value, it needed to have chemical and kinetic
stability.>? And in 1994, the group reported on their suc-
cessful synthesis of a prototypical dismutase mimetic
manganese pentaazamacrocyclic (MnPAM) complex.*”
Further development of this class increased SOD activity
and stability, ultimately resulting in the first MnPAM
dismutase mimetic to enter the clinic, M40403. This
molecule’s dismutation rate of O,*" was comparable to
natural SODs, its molecular weight was only 483, it was
stable for up to 10 hours in whole blood at body tempera-
ture, and it demonstrated anti-inflammatory activity in
animal models.

Further characterization of M40403 revealed its biolo-
gical activities and its specificity.>* Using a rat model for
carrageenan-induced pleurisy, Salvemini®> and her collea-
gues reported a reduction in pleurisy-associated histo-
pathologic changes in M40403-treated rats which was
accompanied by a reduction of pro-inflammatory cyto-
kines, ICAM-1, P-selectin, nitrotyrosine and PARS.
Importantly, and in contrast to other dismutase mimetics,
M40403 demonstrated a selective effect on the removal of
0,°* and did not react with other oxygen species, such as
°OH and H,0,. Functionally, such specificity avoided
reactions with dismutation by-products and thus avoided
the potential to produce more injurious radicals.>®

Recognizing the importance of oxidative stress as
a common initiator, facilitator and catalyst of many dis-
eases and the value of superoxide dismutase as a mitigator,
M40403 was tested in animal models for a broad range of
indications. Using a standard chemically induced IBD rat
model (TNBS), rats receiving daily intraperitoneal admin-
istration of M40403 were observed to have a reduction in
weight loss and bloody diarrhea, which coincided with
amelioration of intestinal pathohistologic changes, fore-
shadowing the MnPAM class’ potential to protect oral
mucosa.®’ Similar evidence of clinical potential was
reported when the drug was used as monotherapy or
synergistically with an immunosuppressive agent. In
a ligature-induced model periodontal disease, a course of
i.p. administered M40403 resulted in a reduction in indu-
cible nitric oxide synthase activity, lipid peroxidation,
infiltration.*®

nitrotyrosine formation, and neutrophil

Concomitant administration of M40403 with methotrexate
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also protected rats from the induction of erosive changes
in articular cartilage and bone resorption following col-
lagen challenge in an established rat model.’” Similar
findings were reported in the same model when M40403
was paired with dexamethasone.*’

M40403 and Avasopasem
Manganese (GC4419) in the
Mitigation of Radiation
Therapy-Induced Mucosal Injury

Radiation therapy is a staple of current cancer therapy and
will be used in half of the over 1.8 million patients with
newly diagnosed cancers in 2021. While radiotherapy is
critical to cancer management, its inability to differentiate
between normal and cancer cells results in a significant
toxicity profile. For patients treated with radiation therapy
for cancers of the head and neck, or of the central lung,
damage to the mucosa of the upper aerodigestive tract is
common. Virtually all such patients develop ulcerative
forms of mucositis, while two-thirds have such severe
forms that their ability to eat solid foods is compromised
and as many as one-third cannot drink liquids. This con-
dition results in uncontrollable pain, loss of function,
increased local and systemic infection risk, and increases
in the cost of care. Additionally, patients’ inability to
tolerate these toxicities leads to breaks in the treatment
continuity or the decision to stop treatment altogether.

Much has been learned about mucositis pathogenesis in
the past two decades.*' It is now clear that the major
impact of radiation on renewing epithelial stem cells is
derived from the activation and potentiation of a biological
cascade in which oxygen-free radicals such as 0,° play
a critical initiating and potentiating role. Subsequently,
activation of key transcription factors (NF-kB) results in
enhanced gene expression and pathway enablement which
provide mediators leading to epithelial apoptosis and
necrosis. Based on the impact of radiation on O,*" forma-
tion, the links between ROS, NF-«kB and tissue injury and
M40403’s mechanism of action and clinical impact, the
molecule seemed to be a rational intervention for
mucositis.

In 2006, Murphy et al reported using a highly transla-
table animal model** to demonstrate the ability of M40403
to interfere with mucositis incidence, severity, and
trajectory.*> The cheek pouch mucosae of golden Syrian
hamsters were irradiated with a single dose of 40 Gy in
this model and the course of radiation-induced ulcerative

oral mucositis was consistent with peak ulceration occur-
ring between 14 and 18 days after challenge. The clinical
presentation of mucositis in the hamsters was also virtually
identical to that seen in cancer patients, supporting the
translatable value of the model. Mucosae were evaluated
daily, and photographs were taken on alternate days begin-
ning 6 days after radiation and continuing until day 28. At
the conclusion of the in-life phase of the investigation,
photographs were graded for mucositis severity by obser-
vers blinded to study group assignment. In addition to
a vehicle control, three dose levels of M40403 were stu-
died using different dosing schedules, and the results were
compelling. M40403 significantly attenuated both the
severity and duration of ulcerative mucositis across the
range of schedules and doses tested compared to controls.
M40403’s
a radioprotectant of normal tissues was provided by

Confirmation  of effectiveness  as
Thompson et al in a subsequent pre-clinical assessment
in which the molecule was shown to favorably impact the
survival of mice receiving otherwise lethal doses of total
body irradiation.** At the top M40403 dose in this study,
100% of treated mice survived, while all the saline control
mice were dead within 18 days. Saline control mice also
exhibited massive damage to intestinal mucosa, while the
intestinal mucosa appeared normal in the M40403-treated
mice. Subsequent experiments with other MnPAM dismu-
tase mimetics, such as GC4401, have demonstrated that
this radioprotection of normal tissues is a class activity.*

Based on this extensive mechanistic and preclinical
support, in 2013, the enantiomer of M40403, avasopasem
manganese, was taken forward into clinical trials for
reduction of radiation therapy normal tissue toxicity. Like
M40403, avasopasem is a highly stable, low molecular
weight (483) MnPAM dismutase mimetic with specificity
for removing superoxide anions. Also, like M40403, Sishc
has demonstrated that avasopasem is effective at prevent-
ing and mitigating radiation normal tissue toxicity in
mouse models of radiation-induced pulmonary fibrosis
and oral mucositis.***’ Intriguingly, these reports also
suggest potential for avasopasem in the particularly refrac-
tory setting of reirradiation. In addition, the question of
whether older cancer patients are more susceptible to
treatment toxicities has been ongoing for many years,
with potential relevance in HNC radiation therapy given
the age of some patients. So, it might be significant that
Mapuskar noted a superoxide-driven difference in radio-
sensitivity in human fibroblasts the age of cell donors, and
that avasopasem reverses that sensitivity.** Importantly,
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a paper by EI-Mahdy et al reported avasopasem’s concur-
rent ability to protect normal epithelial cells, while sensi-
tizing tumor cells to radiation-induced destruction.*’

As reported by Anderson et al in 2018, to assess the
safety and preliminarily evaluate efficacy in patients at risk
for severe oral mucositis (SOM), avasopasem was first
tested in a trial of eleven different dose and schedule
cohorts in patients being treated with chemoradiation for
selected cancers of the head and neck.’® The study popula-
tion consisted of 46 patients who received concomitant
chemoradiation (cisplatin weekly or tri-weekly with
schedule).

Avasopasem was administered by a one-hour IV infusion

a standard daily 2 Gy fractionation

before the delivery of each radiation fraction. To assure
equivalence of mucositis risk, all patients had to have had
two oral mucosal at-risk sites within the 50 Gy isodose
line of the initial radiation therapy plan. Although the
number of patients within each cohort was small because
of the pilot nature of the study, both the incidence and
duration of SOM (defined as WHO grade 3 or 4) were less
than historical controls in the three cohorts totaling 14
patients who were treated throughout their total radiation
course. While dosing for shorter periods during the earlier
weeks of the radiotherapy course favorably impacted dura-
tion, the effect was not as consistent or dramatic compared
to in these three cohorts dosing throughout the entire
course.

These encouraging pilot Phase 1b/2a results supported
a subsequent a Phase 2b double-blind, placebo-controlled
trial in which two doses of avasopasem (30 mg and 90 mg)
were compared to placebo in 223 patients recruited at 44
different North American study sites. As in the earlier trial,
patients in the Phase 2b were those who received the
highly stomatotoxic regimen of concomitant chemoradia-
tion for the treatment of locally advanced oral cavity or
oropharyngeal squamous cell cancers. Radiation was
administered using standard intensity modulating techni-
que (IMRT) in 2 Gy fractions for a minimum cumulative
dose of 60 Gy (maximum 72 Gy) again with at least two
oral sites at risk included in the 50 Gy isodose line.
Radiation dosing was also confirmed by an independent
radiation oncologist. Avasopasem or placebo was adminis-
tered by a one-hour IV infusion immediately before each
radiation dose. Oral mucositis was assessed twice weekly
using WHO scoring criteria by a cadre of uniformly
trained assessors at each study site. Scoring accuracy was
evaluated for each visit by an independent subject
exper‘c.5 !

Avasopasem impacted SOM in a dose-responsive man-
ner with the 90 mg dose significantly attenuating both the
duration (the study’s primary clinical endpoint), incidence
and severity of SOM. Improved (reduced) SOM duration
was statistically significant for the 90 mg group compared
with the placebo group by a non-parametric test (p=0.024)
but not significant for the 30 mg group vs the placebo
group. The median SOM duration was 19 days for patients
treated with placebo, but only 1.9 days in patients who
received the 90 mg avasopasem dose and 8 days for
patients receiving the 30 mg dose. Because study subjects
who never developed SOM were considered to have an
SOM duration of 0 days in this analysis, the difference in
duration was partly attributable to the observation that
90 mg of avasopasem effectively prevented the develop-
ment of SOM. Whereas 65% of placebo patients devel-
oped SOM at any time during IMRT, the incidence was
reduced to 43% in individuals who received 90 mg of
avasopasem (nominal p = 0.009). Incidence results for
the 30 mg group were intermediate between those for
90 mg and placebo. While both WHO grades of 3 and 4
were included in the definition of SOM, a closer assess-
ment demonstrated that the incidence of grade 4 mucositis
(an assessment which has been described as the “severity”
of SOM) was significantly blunted (16% for 90 mg ava-
sopasem vs 30% for placebo; nominal p=0.045). This
finding is of particular importance relative to its potential
impact on mitigating the incremental cost of treatment
(over $32,000US)*? associated with the development of
SOM in the study population. There was no apparent
relationship between SOM results and patients’ HPV sta-
tus, cisplatin regimen, smoking status, or whether IMRT
was given as definitive or adjunctive (ie, post-surgical
resection) treatment. Safety was comparable between
study groups. No significant avasopasem-specific toxicities
were identified, nor were cisplatin-radiation toxicities exa-
cerbated by the study drug. The incidence of the three
most common adverse events (lymphopenia, nausea and
fatigue) was equivalent across cohorts and consistent with
those anticipated with concomitant chemoradiation.

Additionally, the results of the Phase 2b trial suggest
that, in addition to its radioprotective impact on oral
mucositis, avasopasem also reduced the incidence and
severity of cisplatin-related nephrotoxicity.>® This is con-
sistent with the reported role of O,* in cisplatin nephro-
toxicity and avasopasem’s ability in mouse models to
prevent this.>* Given the significant role of high-dose
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cisplatin chemoradiation in this population, this could be
an attractive additional benefit.

In addition to confirming the safety of GC4419, the
Phase 2b trial answered two other pragmatic questions,
one of formulation and route of administration, and the
other of impact on tumor response. With respect to the
first, daily IV infusion of GC-4419 was not a significant
barrier for either site or patient study participation. In
addition, clinical trial enrollment, subject retention, and
adherence to the study treatment were excellent.

Mitigation of any supportive care indication which
is based on the protection of normal cells from
a cytotoxic challenge comes with the hypothetical risk
that tumor tissue may also be protected. Earlier animal
model studies have suggested that avasopasem not only
does not decrease the anti-cancer efficacy of radiation,
but with higher dose per fraction can increase it
substantially*® and, while simultaneously protecting
the mucosa can enhance tumor kill following radiation
and immunoradiotherapy.47 In 2020, Anderson reported
that long-term follow-up of Phase 2b participants con-
firmed that GC-4419 did not negatively impact tumor
response (overall survival, progression-free survival,
locoregional control, distant metastases) one and two
years>>>® following treatment.

A phase 3 trial of avasopasem to reduce SOM in this
same population (NCT03689712) is ongoing.

Conclusion

Oxidative stress driven by superoxide formation plays
a critical role in the development and perpetuation of
a broad range of maladies. Maintenance of homeostasis
in the face of the controlled normal trickle of free radicals
is largely provided by a series of enzymes of which the
SODs are critical. While three human isoforms of SOD
exist, it is the manganese metalloprotein which may be the
most essential — its absence is incompatible with life.
Given its value as in the neutralization of toxic free radi-
cals, harnessing natural and synthesized forms for thera-
peutic use has been of interest for more than three decades.
While naturally occurring proteins or gene transfer techni-
ques have validated the potential therapeutic value of
SODs, logistical, biological, functional and toxicity issues
have limited their clinical applicability.

The development of a novel class of dismutase
mimetics which provide superior pharmacokinetics, safety,
duration, and enzymatic activity seems likely to serve as
the therapeutic basis for an effective approach to intervene

in a range of pathologies. Among these is the tissue injury
complex associated with the use of cytotoxic cancer thera-
pies, and particularly toxicities associated with radiother-
apy. In these settings, the superoxide levels may be very
high, and that SOD mimetics have potential in this indica-
tion is recognized by interest in the area.’”->®

Of the compounds in the broad area of dismutase
mimetics, the MnPAM class, and specifically avasopasem
manganese, have the advantage of being both highly active
and specific for the superoxide moiety. The utility of
avasopasem to mitigate highly toxic radiation normal tis-
sue injury has been suggested by the results of clinical
trials in patients receiving chemoradiotherapy for cancers
of the head and neck, without evidence that antitumor
efficacy is at risk of being compromised. Accordingly,
avasopasem has the potential to meet the unmet clinical
need for an effective mucositis intervention. Separately,
the observation of mechanism-related increased antitumor
effect with high dose per fraction radiotherapy suggests
promise for drugs of this class when used in combination
with ultrahypofractionated radiotherapy, that is, radiother-
apy regimens in which prescribed doses of 7-8 Gy or
greater are administered for 1-5 fractions.
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