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ABSTRACT
◥

Purpose: Activation of STING (stimulator of interferon genes)
can trigger a robust, innate antitumor immune response in immu-
nologically “cold” tumors such as glioblastoma.

Patients andMethods:A small-molecule STING agonist, IACS-
8779, was stereotactically administered using intraoperative nav-
igation intratumorally in dogs with spontaneously arising glio-
blastoma. The phase I trial used an escalating dose design,
ascending through four dose levels (5–20 mg). Treatment was
repeated every 4–6 weeks for a minimum of two cycles. Radio-
graphic response to treatment was determined by response
assessment in neuro-oncology (RANO) criteria applied to iso-
voxel postcontrast T1-weighted MR images obtained on a single
3T magnet.

Results: Six dogs were enrolled and completed ≥1 cycle of
treatment. One dog was determined to have an abscess and was
removed from further analysis. One procedure-related fatality was
observed. Radiographic responses were dose dependent after the
first cycle. The first subject had progressive disease, whereas there
was 25% volumetric reduction in one subject and greater than 50%
in the remaining surviving subjects. The median progression-free
survival time was 14 weeks (range: 0–22 weeks), and the median
overall survival time was 32 weeks (range: 11–39 weeks).

Conclusions: Intratumoral STING agonist (IACS-8779) admin-
istration was well tolerated in dogs with glioblastoma to a dose
of 15 mg. Higher doses of IACS-8779 were associated with radio-
graphic responses.

Introduction
STING (stimulator of interferon genes) agonists can increase T-cell

infiltration into immunologically “cold” tumors, such as gliomas,
through proinflammatory activation of suppressive tumor stroma,
and can reverse the suppressive phenotype of myeloid-derived sup-
pressor cells (1). STING is a widely expressed sensor of cellular stress,
specifically the presence of DNA in the cytoplasm, that bridges the
innate and adaptive immune systems by triggering interferon (IFN)
release and through cis-activation of myeloid cells. STING is activated
by cyclic dinucleotides, either originating directly from invading
bacteria or generated by the protein cGASupon binding to cytoplasmic
DNA—a hallmark of viral infection. Tumor-cell DNA in host antigen-
presenting cells has been shown to correlatewith STING activation (2).
Activation of STING culminates in increased production of IFNb and

other pro-inflammatory cytokines. STING activation can reeducate
tumor-supportive M2 macrophages toward a proinflammatory M1
phenotype (3), and is also required for optimal priming of cytotoxic
T cells against tumor antigens (4). Even in malignancies that lack
STING expression, in vivo antitumor response can be mediated by the
myeloid and endothelial stroma (5), which is particularly significant in
glioblastoma.

Orthotopic gliomas grow faster in STING knockout mice, demon-
strating the critical role of this pathway in limiting tumor progres-
sion (6). Such mice also lack effective spontaneous CD8þ T-cell
priming against tumors (2). Prior studies have demonstrated a remark-
able capacity for intratumorally injected STING agonists to eliminate
not only the treated tumor, but also distant, untreated sites of
disease (1, 7). STING agonists activate many of the same innate
pathways as oncolytic viruses but in a vastly more potent and focused
fashion. Early clinical trials of viral therapy have achieved sporadic
clinical responses in glioblastoma patients, but these therapeutics are
complex to manufacture, challenging to administer, and are often
limited to a single, direct intratumoral (i.e., surgical) treatment. In
contrast, STING agonists are free from the complexities and high costs
of viral therapy and are easy to generate in accordance with good
manufacturing practice standards.

Preclinical murine glioma models have not predicted immuno-
therapy responses in human glioma subjects, in part because of poor
correlative immunobiology, but recent “omic” profiling has dem-
onstrated a marked association of spontaneously arising canine
gliomas with those in human subjects (8). Dogs experience a high
rate of spontaneous gliomas, and their more comparable size
and shared environment with humans make them ideal for trans-
lational clinical trials involving intratumoral treatment. Using a
previously developed small-molecule STING agonist shown to be
effective in murine glioma models, IACS-8779 (9), we treated dogs
with spontaneous glioblastoma with at least two intratumoral
injections and measured radiographic response at 4–6 weeks after
each treatment.
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Patients and Methods
All procedures were performed in accordance with an approved

animal use protocol under the auspices of the Texas A&M Institutional
Animal Care and Use Committee. The study drug was manufactured
as we have described previously (9). The purity and identity of the
compounds are validated by LC/MS and nuclear magnetic resonance
and their biologic activity is validated using the InvivoGen THP1-Dual
KO-STING Cells. Prior to administration, the agents were assessed as
≥99% pure and were endotoxin free.

Preclinical safety testing
Three purpose-bred Beagle dogs were acquired from a commercial

vendor. The dogs were female, intact, and healthy. All three dogs
weighed between 6 and 10 kg. Each dog was administered two doses of
100 mg IACS-8803, a compound closely related to IACS-8779 (9), in a
volume of 500mL, separated by 14 days, subcutaneously over the lateral
aspect of each pelvic limb. Dogs were observed every 4 hours for the
first 12 hours after injection, and at least twice daily for the next 7 days.
Within 1 hour before each injection, and 48 hours after each injection,
complete blood counts and routine chemistry panels with electrolytes
were collected from each dog. Photographs of the injection site were
taken at 24 and 48 hours after each injection. Adverse events (AE)were
scored according to the Veterinary Comparative Oncology Group
Common Terminology Criteria for Adverse Events (VCOG-CTCAE
v1.1) rubric (10), and were reported to the principal investigators
within 12 hours of first observation.

Study design and participants
Six dogs with suspected spontaneously arising glioblastoma were

recruited fromThe Texas A&MUniversity VeterinaryMedical Teach-
ing Hospital (TAMU-VMTH). All subjects were enrolled with fully
informed and written consent of their owners. This was an open-label,
single-arm phase I dose-escalation trial in dogs with newly diagnosed
glioblastoma. All enrollees were required to be at least 1 year of age and
weigh over 8.5 kg. Dogs were permitted to have mild neurologic
impairments, similar to human subjects, according to the modified
Glasgow Coma Scale score (11). All dogs were screened for metabolic
or bone marrow dysfunction using a biochemistry panel and complete
blood count before each treatment cycle. Dogs that had previously
received definitive treatment (surgical resection or radiotherapy), or
had imaging findings inconsistent with a high grade were excluded
from enrollment. Following injection and a minimum of 24 hours
observation for AEs, dogs were discharged under their owners’ care,
with instructions to return to the hospital for general anesthesia and

MRI at 4–6 weeks after injection. At the recheck visit, dogs were
assessed for general health and neurologic status. A venous blood
sample was drawn for evaluation as indicated above. FollowingMRI, a
second image-guided injection of IACS-8779 was given as described
above. The skin, subcutaneous tissues, and muscle were reopened and
the second injection was administered through the same craniotomy
site as the first injection. Dogs returned again for evaluation, general
anesthesia, and brain MRI at approximately 15 weeks after the first
injection (�10 weeks after the second injection). At that time, the dogs
were also evaluated for overall health and neurologic function. No dog
received a third injection of IACS-8779.

Neurosurgical procedures
Following presumptive diagnosis of a high-grade, gadolinium-

enhancing space-occupying glial brain tumor by MRI criteria (12),
and confirmation of normal organ and bone marrow function, dogs
were placed under general anesthesia and positioned in a custom-
made MRI-compatible bite plate in sternal recumbency and secured
with dental putty conformed to themaxillary dentition. Aminimumof
six gadolinium-impregnated fiducial rings were fixed in place as close
to the head as possible with offsets in three planes. Dogs were imaged
on a 3T Siemens Verio MR system (see Imaging Protocol below). The
postcontrast T1-weighted images were used for reconstruction and
trajectory planning using the Brainsight system (13). A single, approx-
imately 5-mm-diameter burr hole craniectomy was made at an entry
point determined using the images obtained as described above. The
durawas directly visualizedwithin the craniectomy and opened using a
#12 scalpel blade. Prophylactic administration of 0.5 g/kg of mannitol,
through afilter needle on a constant-rate infusion over 15minutes, was
initiated at the time of the dural opening. A 100 mL Hamilton syringe
secured in a calibrated holder on an x-y stage, containing 50 mL of
IACS-8779 at varying concentrations, was positioned along the select-
ed trajectory and lowered to a depth calculated using the MR image
reconstruction (Fig. 1). IACS-8779 was injected at a rate of 2 mL/
minute. After completion of the entire 50 mL injection, the syringe was
withdrawn, and the craniectomy and durotomy were examined for
evidence of hemorrhage or swelling. Minor dural hemorrhage was
controlled with a hemostatic sponge, and hemostasis was confirmed
before replacement with a dry piece of hemostatic sponge, over which
the tissues were then closed. Dogs were recovered from anesthesia and
maintained in the TAMU-VMTH ICU for a minimum of 24 hours
following each injection. Medications (corticosteroids and anticon-
vulsants) previously prescribed for control of clinical signs related to
their intracranial disease were continued without interruption during
hospitalization.

Outcomes
One dog was determined to have had an abscess rather than a

glioblastoma postmortem andwas removed from further analysis. One
dog did not survive the initial post-injection period, developing clinical
signs of increased intracranial pressure that was unresponsive to
medical management within the first 24 hours after the procedure.
This dog was ultimately euthanized within 48 hours of the procedure.
In the surviving dogs, responses were assessed by clinical examinations
andMRI scans every 4–6 weeks to coincide with the next intratumoral
injection. The brain MRI used for initial image-guidance planning
was considered the baseline MRI for evaluation of treatment response.
Toxic effects were assessed at baseline and before each cycle. AEs
were measured according to the VCOG CTCAE v1.1. Treatment
was continued for at least two cycles and until objective disease
progression (PD) occurred, intercurrent illness prevented further drug

Translational Relevance

Preclinicalmurinemodels of gliomas have not been predictive of
responses to immunotherapy in human subjects. As one of the few
species that develop spontaneous intracranial gliomas with a
frequency similar to that seen in humans, and that recapitulate
the size, genetic, molecular, and immunologic tumor landscape of
human tumors, dogs are an especially relevant large animal clinical
model for testing novel glioma therapies. Dogs with intracranial
glioblastoma are able to tolerate repeated intratumoral adminis-
tration of IACS-8779 at doses that produce radiographic response,
thereby extending the results from orthotopic rodent models to a
more rigorous species for vetting therapeutic potential.
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administration, unacceptable AEs occurred, or consent was with-
drawn. A toxicity evaluation endpoint was defined as treatment-
related unmanageable toxicities, including grade 3 or 4 AEs that
require termination of the treatment during the first cycle. Overall
survival (OS) was defined as the time from onset of clinical signs
related to intracranial disease to the time of natural death or euthanasia
for any reason. Subjects whowere alivewere censored at the time of last
contact.

Imaging protocol and imaging response-assessment criteria
MRI scans were acquired on a 3.0 T Siemens Verio MRI scanner

using the standard protocol: for each subject, 3-plane T2-weighted,
transverse T2-FLAIR, transverse T2�, and isovoxel T1 (RAGE) pre-
and post-gadolinium were obtained (Supplementary Table S1). The
postcontrast T1-weighted sequences were used to assess response to
therapy via the response assessment in neuro-oncology criterion
(RANO) criteria (12). Contrast-enhancing lesions with volume mea-

surements of >0.5 cm3 were considered as measurable lesions, whereas
smaller lesions and those with nonenhancing T2/FLAIR hyperinten-
sity were considered to be nonmeasurable lesions. Subjects were
categorized based on best response as having: (i) progressive disease
(PD) as defined by a ≥25% increase in the sum of the products of the
perpendicular diameters of contrast enhancement; (ii) stable disease
(SD) as defined as no substantial change; (iii) partial response (PR) as
defined by ≥50% decrease in the baseline of the sum of products of the
perpendicular diameters of contrast enhancement; or (iv) complete
response (CR) as defined as complete disappearance of all enhancing
measurable disease.

Histopathology
Formalin-fixed, paraffin-embedded sections of canine central ner-

vous system were cut at 4 mm and mounted on charged slides. The
sections were deparaffinized in xylene and rehydrated through graded
alcohols.
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Figure 1.

Intraoperative image of direct intratu-
moral administration of IACS-8779
using navigational guidance.
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Myeloperoxidase
Antigen retrieval was performed by immersing the slides in a citrate

buffer and heating them in a pressure cooker (Decloaking Chamber,
Biocare Medical). After retrieval, the slides were washed with Tris
buffer prior to beginning the immunostaining procedure. The IHC
procedure was run on an automated platform (intelliPATH FLX,
Biocare Medical). All incubations were carried out at room temper-
ature. Endogenous peroxidase activity was blocked by incubating the
slides with 3% hydrogen peroxide for 10 minutes. A non-serum
reagent (Background Punisher, Biocare Medical) was used to block
non-specific protein binding. The sections were then incubated with
the primary antibody (rabbit anti-human myeloperoxidase, dilution
1:1,000, Agilent Technologies) for 30 minutes. Next, the slides were
incubated with a polymer detection reagent (Mach 2 Rabbit HRP-
Polymer, Biocare Medical) for 25 minutes. Sites of antibody–antigen
interaction were visualized by incubating with a DAB chromogen
(ImmPACTDAB Substrate kit, peroxidase, Vector Laboratories) for 5
minutes.

Hematoxylin and eosin
The staining procedure was run on a Leica automated stainer.

Slides were heated to 65�C for 9 minutes, then cleared [with Pro-Par
xylene substitute (Anatech Ltd)], and rehydrated before treatment
with SPECTRA Hemalast (Leica) and sequential staining with
hematoxylin for 4 minutes, bluing for 30 seconds, and eosin for
1 minute following a 1-minute 80% ethyl alcohol wash. Slides were
then dehydrated, recleared with Pro-Par, and cover slipped using
Permount.

Statistical analysis
Median progression-free survival (PFS) and OS times from onset of

signs were estimated by Kaplan–Meier analyses. AEs were recorded
and tabulated according to type and grade. Data were analyzed using
Matlab for Windows version R2020a (Mathworks). Tumor volume
measurements were made using OsiriX MD version 12.0.0 (Pixmeo).

Results
Preclinical safety study

Three intact female beagle dogs between 6 months and 1 year of age
were treated as described above. Mild (VCOG CTCAE v1.1 grade 1)
local erythema was identified at all injection sites between 4 and
24 hours after injection. All injection site reactions were transient

and resolved without intervention. No dog showed changes in com-
plete blood count or serum chemistry panel values, relative to baseline,
after either the first or the second injection. One dog experienced grade
1 diarrhea of <48 hours duration that was responsive to oral probiotics
during the trial.

Clinical trial
We screened and obtained consent from the owners of six dogs

between February 2020 and November 2020. The cut-off date for data
analysis was December 2020. There were no treatment-related deaths.
Two dogs experienced post-procedure complications that resulted in
euthanasia prior to discharge; one of these was determined to have an
abscess, rather than a glioblastoma postmortem. One additional dog
(Dog 4) experienced an AE possibly related to treatment that consisted
of grade 2 regurgitation within 24 hours after each injection. This AE
was managed symptomatically with prokinetics, proton-pump inhi-
bitors, and acid buffers. These symptoms resolved within 48 hours on
both occasions. There were no metabolic or hematologic adverse
effects identified in any dog as assessed by complete blood count or
serum chemistry panel values on samples drawn as indicated in the
Patients and Methods. No subjects that survived to discharge discon-
tinued the study because of drug-related toxic effects.

Table 1 shows the baseline demographic and outcome data.Table 2
shows detailed outcome and radiographic response data. All enrollees
were followed until date of death. The longest PFS was 22 weeks. The
first subject treated at the smallest dose of 5 mg was euthanized because
of clinical disease progression. The second dog died from seizure-
related complications (aspiration pneumonia). The median PFS time
for enrolled subjects that survived 48 hours after injectionwas 14weeks
(range: 0–22 weeks) and themedian OS time was 32 weeks (range: 11–
39 weeks).

Imaging response
All subjects had a baseline MRI prior to treatment, and survivors

underwent follow-up MRI every 4–6 weeks for response assessments.
Within the dose-escalation cohort, the subject receiving the lowest
dose (Dog 1) had PD at all timepoints. A small reduction in tumor
volume (25%) was detected in the next subject (Dog 2) at the next
highest dose 4–6 weeks after the first injection, which was classified as
SD (Table 2). Dog 3 had a reduction in the contrast-enhancing region
of the tumor, but little change in T2 FLAIR appearance of the mass,
which was taken to indicate SD (14). Dog 4, treated at 20 mg, showed a
volumetric change of 0.79 cm3 pretreatment to 0.19 cm3 (>75%; PR)

Table 1. Clinical demographics and outcomes of dogs enrolled in the STING clinical trial.

Dog identifier 1 2 3 4 5
Breed French bulldog French bulldog Cane Corso mastiff American pit bull terrier French bulldog
Gender/neuter status MN MN FI FN MN
Age at onset of
signs (years)

9 9 4 10 5

Presenting sign Seizures Seizures Seizures Seizures Seizures
Duration of signs at
first treatment

4 months 1 month 6 months 2 months 1 month

Anatomic location of
tumor

Left forebrain Left forebrain Right forebrain Right forebrain Right forebrain

Tumor type/grade GBM/grade 4 Small-cell GBM/
grade 4

No tissue Small-cell GBM/
grade 4

GBM/
grade 4

Outcome Euthanized
(progressive disease)

Deceased (aspiration
pneumonia)

Euthanized
(progressive disease)

Euthanized
(progressive disease)

Deceased (loss of
cerebral perfusion)

Abbreviations: F, female; GBM, glioblastoma; I ¼ intact; M, male; N, neutered.
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after a single dose 5 weeks after the first injection (Table 2; Fig. 2). The
dog then received a second dose of 20 mg;MRI 5 weeks later showed no
contrast-enhancing tumor volume (CR). Fifteen weeks after the
second injection, the glioblastoma recurred (Fig. 3A). At autopsy,
recurrent glioblastoma was confirmed displaying typical features of
neovascular proliferation (Fig. 3B) and abundant hemosiderin laden
macrophages (Fig. 3C). The radiographic and outcome data suggest
that there was evidence of efficacy for intratumoral injection of IACS-
8779 at a dose of 20 mg.

Inflammatory responses
The last two subjects enrolled in the study fully recovered after

anesthesia but began experiencing rapid neurologic decline within
8 hours after the procedure. The owner of the second dog treated at
20 mg of IACS-8779 (not included in Table 2) requested that the
animal be compassionately euthanized following continued neurolog-
ic decline despite medical management for presumed intracranial
hypertension. This dog was determined to have had an abscess, rather
than a glioblastoma, postmortem. Because this underlying pathology
was not yet known in the clinical study, the next and final dog (Dog 5)
received a de-escalated dose of 15 mg IACS-8779. In Dog 5, sequential

imaging showed evolution of an acute inflammatory response follow-
ing a single intratumoral injection of 15 mg IACS-8779 as monitored
through serial contrast CT (Fig. 4A). Midline shift and increased
contrast enhancement are evident by 20 hours after injection and
persisted despite medical management. Postmortem evaluation of the
mass and surrounding tissues on Dog 5 showed perivascular inflam-
mation (Fig. 4B), leptomeningeal inflammation (Fig. 4C), and amixed
inflammatory infiltrate of polymorphonuclear (PMN) leukocytes
(Fig. 4D). The inflammatory response was myeloperoxidase positive
(Fig. 4E).

Discussion
Activation of the STING pathway has tremendous potential

to improve antitumor immunity through multiple mechanisms.
STING activation has been shown to produce efficacious antitumor
immunity in a variety of rodent models of malignancy and as such
there are several ongoing early-stage clinical trials (NCT04144140,
NCT04109092, and NCT04609579) for solid tumors (15). Because of
its key role in trafficking of T lymphocytes in the peritumoral
microenvironment, the STING pathway is often envisioned as a

Table 2. Detailed outcome and radiographic response data for STING clinical trial.

Dog identifier 1 2 3 4 5
Dose—first injection 5 mg 5 mg 15 mg 20 mg 15 mg
Dose—second injection 5 mg 10 mg 20 mg 20 mg —
PFS (weeks) 0 11 16 22 0
OS (weeks) 33 11 39 31 0
Contrast-enhancing tumor volume—baseline (cm3) 1.75 2.42 14.4 0.79 0.025
Contrast-enhancing tumor volume at first recheck (cm3) 2.64 1.8 6.34 0.19 —
Contrast-enhancing tumor volume at second recheck (cm3) 3.31 — — 0.0 —
Contrast-enhancing tumor volume at third recheck (cm3) — — — 1.1 —

T1 precontrast T1 postcontrast T2 FLAIR

T = 0 days
(pre-injection)

T = 6 weeks
(injection #2
given)

T = 12 weeks

Figure 2.

Dog 4 showing radiographic response to injection of 20 mg IACS-8779. Top row: baseline MR images; Bottom rows: congruent images at 6 weeks repeat MRI. From
left to right: T1 precontrast axial, T1 postcontrast axial, and T2 FLAIR axial images.
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modulator that can be leveraged to improve immunotherapeutic
response to primary treatments such as immune checkpoint inhibitors.
Notably, several of the initial clinical trials using STING agonists have
not met expectations. As such, we have created our own STING
agonists with enhanced potency (7). Our preclinical murine data
indicate that these compounds, such as IACS-8803 and the closely
related compound IACS-8779, may be highly effective as monothera-
pies, even for recalcitrant tumors such as glioma. Given the limitations

ofmurine gliomamodel systems, including their clonotypic nature and
small size, we initiated this clinical trial in dogs with spontaneously
arising glioblastomas, based on the presence or absence of radiograph-
ic responses as a go/no-go pivotal study for determining whether we
would advance these STING agonists to clinical trial testing in human
glioma subjects. The cumulative data support our prioritization of
human patients with glioma that have undergone a surgical debulking
for phase I testing; investigational new drug–enabling studies are now

T1 precontrast T1 postcontrast

T2 FLAIR T2*

A B

C

Figure 3.

A, Dog 4 showing radiographic pro-
gression 15 weeks after second injec-
tion of IACS-8779. Top row and from
left to right: T1 precontrast and post-
contrast. Bottom row, left to right:
T2 FLAIR and T2� . Note dark signal
on T2 consistent with hemosiderin
deposition in the tumor.B,Hematox-
ylin and eosin images of glioblasto-
ma with microvascular proliferation
at 100� magnification (scale bar ¼
100 mm). C, Hemosiderin laden
macrophages at 200� magnifica-
tion (scale bar ¼ 50 mm).

2 hours p.i. 20 hours p.i.

25 hours p.i. 35 hours p.i.

A B

PMN

Macrophage

C

D E

Perivascular 
inflammation

Leptomeningeal
inflammation

Myeloperoxidase+

Figure 4.

A, Dog 5 demonstrating progressive midline shift and brain edema post injection of 15 mg IAC-8779. Post-injection, p.i. B, Hematoxylin and eosin images
demonstrating an acute perivascular inflammatory response at 200� magnification (scale bar ¼ 50 mm). C, Leptomeningeal inflammatory response at 100�
magnification (scale bar¼ 100 mm). D, In the region of glioblastoma, there was diffuse infiltrating polynuclear mononuclear cells (PMN; example designated by red
arrow) and macrophages (example designated by black arrow) at 200�magnification (scale bar ¼ 50 mm). E, The inflammation within the tumor shows positive
myeloperoxidase stain at 200� magnification (scale bar ¼ 50 mm).
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underway. Most importantly, given the simple stereotactic delivery
strategy and the marked volumetric reduction of the glioma in Dog 4,
this strategy could suggest a viable treatment approach for deeply
situated, unresectable gliomas that lack significant mass effect.

Clinical trials in dogs with spontaneous glioma can be combined
with surgical resection (16), which may not be financially viable for
most pet owners and comes with the risks of serious postoperative
complications and mortality (17). Other canine clinical trials have
focused on intratumoral delivery of conventional chemotherapeutic
agents that have limited effectiveness in the treatment of glioma in
humans (16, 18, 19). One recent study has shown safety and effec-
tiveness of a novel combination of IL13 and Eph-A2 receptor–
targeting cytotoxins in canines with gliomas (20). However, similar
to human subjects, the challenge of intratumoral treatment of intra-
cranial gliomas with nonimmunologic therapies is ensuring appro-
priate volume of distribution of the drug (21). A major potential
advantage of local delivery of immunotherapy, such as the compounds
used in this study, is that the immune response generated has been
shown in model systems to act beyond the bounds of the initial
injection (6), which could greatly simplify delivery and reduce the
volume of drug needed for clinical effect. In our preclinical and clinical
studies, very small volumes (100 and 50 mL, respectively) of injection
were used, allowing for minimal local tissue disruption, minimal
alteration of intratumoral and intracranial pressure, and little risk of
infusate reflux.

The immunemicroenvironment of spontaneous canine gliomas has
been evaluated by several groups. Immunohistochemically, canine
gliomas have been found to be commonly infiltratedwith CD3þT cells
and IBA1þmacrophages/microglia (22). At least one group has found
a higher degree of CD3þ T cells, as well as FOXP3þ cells in high-grade
gliomas compared with low-grade gliomas (23). Others have con-
firmed the presence of CD4þ, CD8þ, and FOXP3þ T cells in canine
gliomas via flow cytometry (24). The presence of FoxP3þ T cells in
canine gliomas suggests a pro-tumorigenic state of their immune
microenvironment. This is supported by recent functional studies of
glioma-associated macrophages/microglia in canine tumors, showing
upregulation of TGFb signaling and other pro-tumorigenic pheno-
typic markers (25). Only one of the subjects had analysis of the nature
of the immune responses during the therapeutic window, whereas the
others were during disease progression. In this former case, there was
robust influx of both T cells and macrophages in the tumor micro-
environment consistent with the mode of activity of STING agonists.

One limitation of the current study was the presumptive diagnosis
of high-grade glioma based on radiographic features. The clinical trial
was initially designed to obtain a biopsy to confirm the pathologic
diagnosis prior to administration of the STING agonist. However, this
was ultimately judged to add too much risk to the trial, given that the
canine subjects are companion animals, when presented to the owners
for consent. As such, the criterionwas removed from the studywith the
intent that the pathologic diagnosis would be confirmed at the time of
tumor progression and authorized autopsy. Because STING agonists
exert immune modulation within the local tumor microenvironment,
systemic immune monitoring would have been unlikely to be infor-
mative and would have merely increased the cost and lack of com-
pliance with follow-up visits, because these require the owner’s
commitment. However, another limitation of the current study is the
absence of serial local and systemic immune response monitoring
outside of that afforded by serial complete blood count monitoring
every 4–6 weeks. Finally, the small sample size in this trial prevents us
from being able to accurately estimate the expected response rate
and AE rate in dogs with spontaneous gliomas. Although two dogs

in this study experienced early poor outcomes, only one of them was
ultimately judged to have been eligible for the trial. It was not
possible to determine postmortem what, if any, role the clinical trial
procedure or drug played in the patient’s decline who had an
abscess. Because histopathologic and genomic characterization of
human gliomas prior to treatment selection is the standard of care,
it is unlikely that human trial patients would be enrolled with
uncertainty regarding their diagnosis.

Our study used the more potent IACS-8803 analog in healthy dogs
for initial assessments of toxicity and the less potent IACS-8779 in dogs
with spontaneous intracranial gliomas to reduce the expected intra-
tumoral inflammatory response and risk of post-injection intracranial
hypertension. In rodent models, two doses of 25 mg IACS-8803 show
more robust local antitumor immunity and more effective clinical
response than a single dose. We have demonstrated that small-
molecule STING agonists are well tolerated for at least two cycles of
injection, either subcutaneously in normal dogs at doses up to 100 mg
separated by 2 weeks (IACS-8803), or intratumorally in dogs with
spontaneously arising intracranial gliomas at doses up to 20 mg
separated by 4–6 weeks (IACS-8779). The MTD of IACS-8779 in
non-resected dogs was established at 15 mg IACS-8779. These data
support further clinical studies optimizing dose and schedule in dogs
with spontaneously arising gliomas, and translational clinical trials to
human patients with glioma.
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