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Summary: This multi-institutional clinical trial for patients with newly diagnosed high grade
glioma treated with 2 immunotherapies and standard of care discovers molecular and

immunologic signatures in subjects with improved survival.
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Abstract

Background: For newly diagnosed glioblastoma (GBM), combination of surgical upfront
immunotherapy with aglatimagene besadenovec (CAN-2409), followed by chemoradiation and
then adjuvant nivolumab has not been tested. The aim of this study was to test the safety of
this regimen and determine metrics of immune activation that may correlate with clinical

outcomes.

Methods: 41 patients with suspected newly diagnosed GBM by imaging were enrolled in this
multi-institutional, open label, phase 1b clinical trial before surgical resection. Frozen section
confirmation of high-grade glioma was required for administration of aglatimagene
besadenovec. This was then followed with chemoradiation and adjuvant nivolumab. Tumor

and blood were assayed for genetic and immune markers before and during treatment.

Results: The regimen was well tolerated and generated measurable immune activation. Factors
linked to survival were identified, such as baseline mutated gene pairs (e.g. MED15/ HRC),
tumor immune cell composition, and changes in systemic cytokine, immune cells, and T cell
diversity. The most significant serial systemic immune changes were observed in a long-term
survivor subset of patients with gross total resection (GTR)/ methylated methylguanine
methyltransferase (MGMT) promoter tumors. Median overall survival (mQOS) in these patients

was 30.6 months, while it was less for patients with unmethylated or subtotal resections.
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Conclusions: These findings suggest the opportunity for patient stratification and the potential
for more durable antitumor immune responses in future clinical trials of this multimodal
standard of care and combined immunotherapy regimen. ClinicalTrials.gov identifier:

NCT03576612.

Key words: Clinical trial, gene therapy, immunotherapy, brain tumor, glioma..
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Key points:

e Two immunotherapies with standard of care were safe in 41 newly diagnosed

GBM/HGG.

e Genomics and tumor immune cell composition at baseline associated with outcomes.

e Blood changes in cytokines, immune cells, and T cell diversity linked with outcome.
Importance of the study: Previously we have shown that the immunotherapy, aglatimagene
besadenovec (CAN-2409), administered in newly diagnosed GBM/HGG at the time of surgical
resection was well tolerated and in a prospective phase 2 cohort-matched study had shown
preliminary evidence of efficacy. Mouse studies had shown evidence that immune-evasion via
the PD-1/ PD-L1 pathway was likely. This provided the immunologic rationale to add a PD-1
checkpoint inhibitor. In this current trial, conducted via the American Brain Tumor Consortium
(ABTC) multi-institutional group, the regimen was safe and well tolerated. We further evaluated

the presence of possible tissue and blood correlates of outcome.
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INTRODUCTION

High-grade gliomas (HGG) are malignant primary brain tumors characterized by poor
prognosis'. The most aggressive subtype is glioblastoma (GBM), affecting more than 13,000
new cases in the US annuallyl. Hypermethylation of the promoter for methylguanine
methyltransferase (MGMT) is a biomarker associated with better response to treatment and
improved survival®. Despite optimal therapy with standard of care (SoC) surgery, radiotherapy,
temozolomide (TMZ) chemotherapy, and tumor-treating fields (TTF), the median overall
survival of GBM patients remains approximately 20 months for GBMs without MGMT promoter
hypermethylation® and about 2 years for patients with MGMT promoter hypermethylation.
Poor survival is associated with paucity of intratumoral T cell infiltrates and highly
immunosuppressive tumor microenvironment (TME)*. To date, trials of tumor vaccines and

checkpoint inhibitors have failed to demonstrate benefit in this indication®®.

Aglatimagene besadenovec (CAN-2409, gene-mediated cytotoxic immunotherapy, GMC)*is a
genetically modified, replication-defective adenoviral vector expressing the herpes simplex
virus (HSV) thymidine kinase (tk) gene. CAN-2409 is injected directly into the tumor and
administered in combination with a prodrug (valacyclovir or acyclovir), leading to local
production of nucleotide analogs that, once intercalated in the tumor cell DNA, induce
immunogenic cell death with release of tumor (neo)antigens in the TME. The presence of highly

immunogenic proteins present in the adenovirus backbone contributes to antigen presentation
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and activation of resident and newly recruited cells in the TME, thought to foster the

development of responses against the patient’s tumor antigensll'B.

A previous phase 1b/2a clinical trial of CAN-2409 plus valacyclovir (NCT0O0589875) in 48 newly-
diagnosed HGG patients undergoing standard radiochemotherapy showed improvement in
median overall survival (mOS) (17.1 months in CAN-2409 treated patients compared to 13.4
months in a pre-planned matched case contemporaneous cohort who received SoC onIy)lO.
Improved survival was most evident in patients undergoing gross total resection (GTR), at 25
months with CAN-2409 versus 16.9 months for SoC. A subsequent preclinical study suggested
the ability of CAN-2409 to further increase survival and induce tumor regression when
combined with anti-PD1 antibodies in two distinct syngeneic mouse models of GBM™. Analysis
of post-treatment tumor samples demonstrated an increase in interferon-y positive T cells and
a lower proportion of exhausted CD8+ PD1+ TIM-3+ T cells in the group receiving combination
therapy, suggesting that the addition of CAN-2409 to immune checkpoint inhibitors (ICl) could

overcome resistance to immunotherapy.

Those studies supported the rationale for a phase 1 clinical trial (NCT03576612) of CAN-2409
plus valacyclovir in combination with nivolumab and SOC surgery and radiochemotherapy in
patients with newly diagnosed GBM/HGG. Our results suggest that this therapeutic approach is

feasible, well tolerated, and results in systemic immune activation.
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Materials and Methods (see also Supplemental Methods)

Ethics. Institutional review board approval was obtained from all participating institutions. All
patients provided written consent prior to study, screening evaluations and enrollment. Patient
management and assessment were performed by the investigators and reported to the
sponsor. Reporting to the FDA and other regulatory entities was performed as required. This
study was monitored by the sponsor and ABTC, who was responsible for compiling and
submitting data to the Cancer Therapy Evaluation Program (CTEP) for all patients and for

providing the data to the principal investigator for review.

Patient population. Eligible patients were >18 years of age presumed to have newly diagnosed
HGG (nHGG)/ newly diagnosed GBM (nGBM) based on clinical and radiographic evaluation with
a planned intent to undergo a gross total surgical resection by the neurosurgeon. During
surgical resection, the neuropathologist had to confirm the presence of tumor on frozen section
analysis for enrollment prior to intraoperative CAN-2409 peritumoral injection. Tumor sites
were required to be supratentorial and suitable for injection. All patients with neuropathologic
frozen identification of tumor were injected. Confirmation of extent of resection was obtained

by MRI scan after the procedure.
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Study design. This was an open-label, multicenter, phase 1 clinical trial in patients with
NHGG/nGBM (NCT03576612) conducted by the American Brian Tumor Consortium (ABTC). It
evaluated safety and initial efficacy of CAN-2409 plus valacyclovir and SoC plus nivolumab. In
addition, exploratory analyses of scientific correlates on tumor and longitudinal peripheral
blood samples were performed by the Cancer Immune Monitoring and Analysis Centers
(CIMACs) and Cancer Immunologic Data Center (CIDC) Network at the NCI’s Division of Cancer
Treatment and Diagnosis to characterize local and systemic immune response to treatment

(https://dctd.cancer.gov/ResearchNetworks/cimacs_cidc_network.htm).

CAN-2409 was “free-hand” injected by the neurosurgeons at the time of surgery to the tumor
bed at a dose of 2.5x10"! viral particles (vp) in a total volume of 1ml solution which could be
divided across up to 10 sites (approximately 100uL per site in the wall of the resection cavity)
based on previous phase 1 and 2 monotherapy trial data®*°. Valacyclovir (prodrug) was given
orally 1-3 days after the CAN-2409 injection and continued for fourteen days at a dose of 2g
three times daily or adjusted based on the calculated creatinine clearance. Radiation was
started within 8 (+4) days of surgery. Concomitant treatment with TMZ started within 15 (+3)
days of surgery and about one week after the start of radiation. All patients began treatment
with TMZ unless already known to be MGMT unmethylated. TMZ subsequently was
discontinued in patients found to have an unmethylated MGMT promoter. Nivolumab was
administered by intravenous infusion on an outpatient basis within 15 (+3) days of surgery at a

dose of 240mg every 2 weeks (12-16 days from prior dose) for up to 52 weeks.
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Safety. Patients were continuously monitored throughout the study for determination of
safety. All patients who received one of the study drugs were counted for safety and toxicity

evaluation of the combination regimen.

Assessments. Pre-treatment evaluations included medical history, clinical examination, KPS,
corticosteroid dosage, brain MRI, 12-lead ECG echocardiogram and laboratory analyses.
Patients underwent surgery with the intent for gross total resection defined as removal of >95%
of the contrast-enhancing area’®. To assess tumor and progressive disease, patients were
evaluated 1 to 3 days after surgery and re-evaluated at the end of every second cycle
(approximately every 8 weeks) and after completion of radiation with a gadolinium-enhanced
cranial MRI scan following RANO (radiographic assessment in neuro-oncology) criteria with

15,16

special consideration for clinical trials with immunotherapies (iRANO criteria)™~". There was no

central review of pathology or imaging for this phase 1 trial.

Exploratory scientific analyses (see supplemental methods). The following methodologies
were used: cytometry time of flight (Cytof) for cells (Cytof), Olink for cytokines, Nanostring for
transcripts on blood, whole exome sequencing (WES) for genomics, T-cell receptor sequencing

for T cell clonotypes on blood/tumor and MIBI for immune cell identification on tumor.
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Statistical Analyses (see supplemental methods)

RESULTS

Patient Demographics and Baseline Characteristics

This multi-institutional, phase 1 clinical trial for patients with (magnetic resonance imaging
(MRI) consistent with nHGG/nGBM involved intraoperative peritumoral injection of CAN-2409
after histologic confirmation of glioma on frozen tissue. Injections were followed by treatment
with two weeks of valacyclovir, standard of care (SOC) chemoradiation therapy (initiated within

a week of surgery”*°

) and nivolumab 240 mg every 2 weeks (beginning 3 weeks after surgery)
(Figure S1a). Patients were enrolled before surgery (intent to treat, ITT, population) and treated
only if the frozen tissue confirmed presence of tumor (Safety Population). While this phase 1
trial was not statistically designed to test efficacy or correlates of responses, we retrospectively
attempted to determine if there were genetic or immunologic profiles that significantly
correlated with patient outcome. These correlative studies included baseline tumor whole
exome sequencing (WES), baseline tumor immunophenotyping, longitudinal peripheral blood

immune cell and cytokines phenotyping and longitudinal peripheral blood T cell receptor (TCR)

analysis (Figure S1b).

Between February 2019 and March 2021, 41 patients were enrolled and treated at five

participating sites (Figure 1a). Demographic and baseline clinical characteristics are reported in
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Table S1. Median age was 62 years (IQR 28-81), with 27 males (66%) and 14 females (34%).
Because of the timing of trial initiation, enrolled patients were classified using WHO 2016%.
One of the patients originally classified as GBM, would now be classified as IDH-mutant grade IV
diffuse astrocytoma, based on WHO 2021, Twenty-five patients (61%) had an unmethylated
MGMT promoter and 16 patients (39%) had a methylated MGMT promoter. The neurosurgeon
preoperatively assessed that a GTR was possible and thus all 41 patients received CAN-2409
injection after tumor resection. However, postoperative MRI confirmed that GTR was achieved
only in 30 patients (73%) with subtotal resection occurring in 11 patients (27%). Thirty-five
patients completed treatment per protocol, 6 received less than 80% of the valacyclovir and

nivolumab regimen and thus were considered mid-treatment dropouts.

In this study, the use of corticosteroids was left to physician’s choice. At baseline, 22 out of 35
patients (62.9%) were treated with steroids. This percentage increased to 91.4% after surgery,
representing 32 out of 35 (91.4%) evaluable patients. At day 15 post-surgery, 29 out of 35
patients (82.9%) were still receiving corticosteroid, with 62.9% receiving a high dose (>8
mg/day dose) of dexamethasone. At days 43 and 71 of study, 57.1% and 22.9% of 35 evaluable

patients were still receiving glucocorticoid therapy, respectively (Table S2).
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Safety

The safety population included 41 treated patients. No dose limiting toxicity (DLTs) related to
CAN-2409 were reported. However, five events unrelated to CAN-2409, met the criteria during
the evaluation period: a grade 3 stroke (related to the surgery), a grade 4 neutropenia, and
three cases of grade 4 thrombocytopenia that were considered related to TMZ, with a possible
contribution of nivolumab in one case (Table $S3). With 15.1 months of median follow-up, the
most common adverse events (AEs), attributable to the combination of CAN-2409, valacyclovir,
nivolumab, and radio chemotherapy, occurred in 210% of patients and these were anemia,
nausea, vomiting, fatigue, fever, increased aspartate transaminase (AST)/ alanine transaminase
(ALT), increased blood bilirubin, hyponatremia, anorexia, and headache (Table S4). Most of the
events were grade 1 and 2. Other grade 3 or higher treatment-related AEs that occurred in
more than one patient included lymphopenia, acute kidney injury, and hypertension. No
treatment-related deaths or unexpected serious adverse events were observed. Nine patients
discontinued treatment due to AEs unrelated to CAN-2409 plus valacyclovir. Two
discontinuations were considered possibly related to nivolumab, including one with increased
ALT and AST, and one grade 3 case of aseptic meningitis. Among the remaining
discontinuations, one case of pancytopenia was attributed to nivolumab, while the rest were
attributed to TMZ and/or underlying disease. Aseptic meningitis was reported in a 65-year-old
male (IDH wild-type, MGMT methylated with GTR) approximately three months after CAN-2409
treatment and the sixth cycle of nivolumab. A biopsy was performed at the time of symptom

onset and revealed presence of necrotic tissue. After treatment with dexamethasone and
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improvement of the clinical presentation, the patient survived more than 30 months, even after

nivolumab discontinuation.

Clinical outcome

Figure 1b shows the clinical course and treatment timelines for the evaluable (n=35) patients.
Median OS (mOS) for the evaluable (n=35) and the intent-to-treat (ITT) population (n=41) was
similar at 15.1 months (Figure 1c, Figure S2). mOS for patients with unmethylated MGMT
promoter was 13.2 and 15.9 months for patients with GTR and STR, respectively (Figures 1d).
mOS in patients with methylation of the MGMT promoter was 30.6 and 12.6 months for

patients with GTR and STR, respectively.

Baseline tumor gene mutations association with mortality

We asked if there were gene mutations that correlated with outcome. WES was performed on
baseline tumors. Missense mutations were the dominant variant classifications (Figure S3a).
Single nucleotide polymorphisms and deletions represented the most common variants. . The
median number of variants identified per sample was 247 (Figure S3b). Commonly altered
genes included MUC16 (64% of the patients), ARID1B (82%), PABPC3 (50%), and PAXIP1 (55%)
(Figure S3c). Tumor mutational burden in our dataset was compared to The Cancer Genome
Atlas (34 available GBM datasets) and found to be fourth highest of the available datasets with

a median of 4.8 per Mb (Figure S3d). Nanostring expression analysis revealed visual clustering
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of patients based on high expression of a subset of genes but no correlation between gene

expression, baseline clinical features or outcome (Figure S3e).

There was a subset of mutated gene pairs that negatively associated with survival. These
included MED15/HRC, SKIDA1/ARID3A, SKIDA1/CACNAI1A, and PAXIP1/ARID3A (Figure 2a).
While these combinations were more frequently present in unmethylated MGMT patients, this
frequency was not statistically different, except for a trend for the SKIDA1/CACNA1A pair (p =
0.052) (Figure 2b). To discriminate if the increased mortality association of the combined
mutated genes was a consequence of their lower frequency in the methylated tumors, we
focused on the unmethylated cohort. Despite the small number of patients, a statistically
significant association for the MED15/HRC pair was observed (p=0.036) (Figure 2c), suggesting a
novel association between the mutational pair MED15/HRC with mortality, in addition to the

known association between mortality and MGMT promoter hypomethylation.

Baseline tumor immune cell composition associates with survival

We next asked if tumor immune cell populations were linked to outcome. Resected tumors,
before CAN-2409 injection, were stained by Multiplex lon Beam Imaging (MIBI). Cluster
abundance analysis performed using the elastic net model®® unveiled positive associations
between patient survival and abundance of B cells/Dendritic cells (DC), HLA-DR high
macrophage clusters, and Memory CD4+ T cells. Conversely, negative association was observed

between survival and abundance of HLA-DR low monocytes (c=0.72; Figure 3a, b). Importantly
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individual cluster frequencies were not associated with survival (Figure 3c). Correlations
between expression analysis and survival were then performed for each meta-cluster identified
in at least 20 baseline specimens. The c statistic for specific clusters was found to be below 0.7
(data are not shown). Overall, these data suggest that patient outcome positively associates

with the presence, at baseline, of proinflammatory immune cells infiltrates.

Longitudinal peripheral cytokine and immune cell profiles characterize survivors

Next, we investigated the presence of possible associations between changes in peripheral
cytokines and clinical outcome. Cytokine profiling was performed via O-link at baseline, before
surgery and CAN-2409 treatment and at the 3 (day 15), 5 (day 29), 11 (day 71) week timepoint
after craniotomy and peritumoral CAN-2409 injection and then at progression (see Figure S1).
At the 3-week (day 15) timepoint, patients had been treated with surgical resection of tumor,
CAN-2409 injection, had received almost a full course of valacyclovir (VCV) and started
radiation (day 4-7 days). By the 5-week (day 29) timepoint, patients had also received 14 days
of radiation, 7 doses of TMZ (for patients with MGMT methylation), and one dose of nivolumab.
By week 11 (day 71), patients had received the full course of RT, were on TMZ maintenance (if

applicable) and received 3 doses of nivolumab.

Levels of 45 circulating cytokines and proteins were analyzed for their association with overall

survival (Figure 4a, b). At each time point, some of these significantly associated with changes
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in survival (Figure 4a, b). Volcano plots of cytokine frequency comparisons from week 3 to
baseline and week 5 to week 3 further validated the finding of changes in cytokine levels in
peripheral blood during the trial (Figure 4c). However, by the week 11 timepoint, there were

no significant differences with baseline pre-treatment cytokine profiles.

Next, we sought to determine changes in peripheral blood immune cells using Cytometry by
time of flight (CyTOF) and possible associations between post treatment changes and clinical
outcome (Figures S4a, b). At the week 3 (day 15) timepoint, we found a significant increase (as
compared to pre-treatment baseline) in several naive and effector T cell populations, including
CD69+CD4+ T cells (FDR adjusted p=0.0379) and naive CD4+ T cells expressing CD28, CD69, PD-
L1 and CD161 (p<0.05) (Figure S5a and S6a). At the week 5 timepoint, after the first cycle of
nivolumab, we detected a significant increase in activated HLA-DR+CD38+CD4+ T cells
(p=0.0011), activated HLA-DR+CD38+CD8+ T cells (p=0.0189), CD69+ CD4+ T cells (p=0.0228),
CD69+ Central Memory (CM) CD4+ T cells (p = 0.0324), CD69+ Effector Memory (EM) T cells
(p=0.0324), and inducible costimulator (ICOS)+ Effector Memory (EM) CD4+ and CD8+ T cells
(p=0.0134 and p=0.0326, respectively. PD1+ T cells and PD1+ NKT cells were also
downregulated at week 5 in conjunction with initiation of nivolumab treatment (p < 0.0001)
(Figures S5a and S6b). At week 11, HLA-DR+CD38+CD4+ (p=0.0011), CD28+ EM CD4+
(p=0.0375), and ICOS+ EM CD4+ (p=0.0036) were significantly increased from baseline (Figure
S5a). By the time of progression these percentages had returned to baseline. This analysis was

also validated by Uniform Manifold Approximation and Projection (UMAP) clustering on T cells,
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showing an increased expression of the activation markers CD38, HLA-DR, CD69, and ICOS
(Figure S5b). Both week 3 and week 5 timepoint samples showed a decrease in frequency of
immunosuppressive TIM3+ NK cells (p=0.0337 at week 3; p=0.0324 at week 5) (Figure Sé6c),
consistent with evidence of systemic activation following treatment with CAN-2409 and
nivolumab. At the week 11 timepoint, the TIM3+ NK cell immune cell changes were not

significantly different compared to pre-treatment baseline.

Taken in conjunction, the longitudinal changes in both cytokines and immune cells in peripheral
blood were consistent with systemic immune activation during the early phase of the clinical
trial; while immune cell changes were still present at week 11, peripheral blood cytokine levels

had returned to baseline values at this timepoint.

Longitudinal changesin peripheral T cell clonotypes

We then investigated the relationship between systemic longitudinal immune changes and
changes in the peripheral T cell clonotypes. Beta chain T-cell receptor (TCR) sequencing was
performed in the peripheral blood for the timepoints described. Consistent with the activation
markers seen in protein analyses, we observed a significant increase in TCR density, a marker of
individual cell activation (p=0.0066), and of T cell richness, a marker of overall TCR diversity
(p=0.021), after CAN-2409 injection (week 3 as compared to baseline) (Figure 5a). TCR density

continued to be significantly different up to week 11 (p =0.0046) but had returned to baseline
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at the time of progression. TCR richness was not significantly different at either week 5 or 11.
We observed no significant changes in clonality after week 3, suggesting that the systemic
immune activation observed in the periphery was not driven by specific tumor clones. This was
confirmed by analyses of tumor-derived clones in PBMCs, which did not demonstrate a
particular clone expansion after treatment initiation or the addition of nivolumab to the
therapeutic regimen (data not shown). The observed significant changes in peripheral T cell
clonotype density, richness, and clonality at week 3 were also associated with patient survival
(p = 0.032, 0.044, and 0.003 respectively) (Figure 5b). However, these associations were not
statistically significant at later timepoints, except for density, which was significant at Week 11
(p = 0.017) (Figures S7a, b). This result suggests that changes in immune activation, observed
through cytokines profiling and peripheral.immune cell analysis were reflected in systemic

increases in T cell clone density and richness.

Changes in discrete cytokines, immune cell sub-populations, and T cell metrics characterize

survivors in the MGMT methylated/ GTR sub-population.

Finally, we focused our analyses on the small patient cohort characterized by methylation of
the MGMT promoter who had undergone GTR. Of note, there were 10 patients with methylation of the MGMT
promoter who had a GTR: six of these lived more than 30 months and 5/6 were still alive at the time of data cut (see

Figure 1d). Four out of 10 survived less than 25 months (Table S5). We thus queried our data to evaluate differences in the

biomarker profile of long-term (>30 months) vs. short-term (< 25 months) survivors in this population. Longitudinal changes in
cytokine levels in peripheral blood, detected at week 3 and 5 post-treatment, were indeed associated with outcome (Figure

6a). PDCD1 (week 3 log-rank p = 0.0018), MMP12 (week 3 log-rank p = 0.032) and EGF (week 5 log-rank p = 0.0049) were
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statistically significantly associated with survival (Figures 6b-d) and CD40L and ANGPT1 showed a trend towards association

with survival (Figure S8c). The time course analysis of average fold changes for key cytokines is illustrated in Figures S8a, b.

We next evaluated differences in peripheral blood immune cell sub-populations in the long- vs.
short-term survivors in the MGMT methylated/GTR patients. Changes in ICOS+CD4+ TEMRA
cells, detected at the Week 3 timepoint were significantly associated with survival (t-test p =
0.017), while there was a non-significant trend for a positive association between changes in
CD137+ CD4+ TEMRA cells and survival (p = 0.057) (Figure 6e, Figures S9a, b). At the Week 5
timepoint, there was also a trend for changes in 0X40+, CD4+ TEMRA cells in relationship to
survival (p = 0.052) (Figure 6e, Figures S9c). Additional changes associated with survival were
detected at the Week 11 timepoint, among which ICOS+ CD4+ TEMRA (p = 0.0001), ICOS+NKT
(p = 0.002), CD28+CD4+ (p = 0.023), Tregs (p = 0.035), CD28+CD4+CM (p = 0.037), CD137+NKT

(p=0.041) and Tim3+ CD4+ T cells (p =0.047) (Figure 6e, Figures S4b, S9d-i).

Finally, we also characterized T cell diversity metrics: there was a significant difference in TCR
richness and clonality at baseline (Figure 6f) and at the Week 3 timepoint (Figure 6g) between
the short- vs. long-term MGMT methylated/ GTR survivors, but not at later timepoints (data

not shown).
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Taken together, these data suggested that immunological changes in terms of cytokines,
effector cells and TCR diversity were associated with long term survival in the population of

patients undergoing GTR presenting with methylated MGMT promoter.

Discussion

Effective treatments for nHGG/ nGBM are being investigated through several approaches
including local intratumoral therapieszo'23 CAN-2409 is a locally delivered gene-based
immunotherapy thought to induce in situ vaccination against patients’ own antigens>*. Evidence
generated both in preclinical models and in clinical trials suggests that CAN-2409 directly
injected into the tumor may induce tumor regression via a multimodal mechanism of action
that combines direct oncolysis with local and systemic activation of the immune response™™
1325 and may potentially synergize with PD1 blockade®. These findings supported the rationale
for exploration of the effects of CAN-2409 plus prodrug in combination with nivolumab in
patients with nHGG/ nGBM. In this phase 1 clinical trial, the combination of CAN-2409 plus
prodrug with nivolumab was well tolerated, when administered in the context of SOC
treatment for nHGG/nGBM patients. DLTs were generally not attributed to CAN-2409 or

prodrug; AEs, including immune-related AEs, were as expected in patients treated with ICl and

SOC radio chemotherapy and surgery.

While this phase 1 trial was not statistically designed to test efficacy, exploratory immune
profiling and scientific analyses unveiled some significant correlations with patient outcomes.
There was worst outcome in patients presenting with MED15/HRC mutations at baseline. We

also observed improved survival in patients presenting with enrichment in B cells, dendritic

GZ0Z YoJe|\ GZ UO Jasn [ UIS JUNOJA 1B SUIDIPa 10 [00YoS uyeo| Aq 9/+0608/6.0480U/oUONBU/SE0 "0 L/I0p/8]o1ie-e0ueApe/ABOj0oU0-0iNaU/Wwoo dno olwapese//:sdiy Woly papeojumod



cells, HLA-DRhigh macrophages, memory CD4+ T cells and relative scarcity of LAG+, ICOS+
antigen presenting CD163+ mononuclear cells in pre-treatment tumors. These observations
suggest that a subpopulation of nHGG/nGBM patients may exhibit increased responsiveness to
this combination of immunotherapies, administered in the context of SOC. . Correlation of
mortality with the MED15/HRC mutation profile with other databases was limited: in GLASS?,
only 5 patients had the MED15 mutation, 6 patients had the HRC mutation, and none of these
were co-occurring and in TCGA, only 3 patients had the MED15 mutation, and none had a

mutation in HRC.

Treatment with CAN-2409 plus prodrug and addition of nivolumab was associated with discrete
longitudinal changes in peripheral cytokines, immune cells, and T cell clone diversity,
particularly at the early timepoints of 3 and 5 weeks, after patients had been treated with
surgery and CAN-2409/VCV but before full courses of radiation, TMZ or nivolumab. The
relationship between expansion and diversity of the TCR repertoire with improved prognosis
has been previously demonstrated in patients with cancer; low TCR diversity being associated

with more aggressive tumor phenotypes and poor prognosis”29

. By week 11, cytokine levels,
immune cells, and T cell diversity in the periphery were found to be like those at baseline.
Interestingly, patients at this timepoint were also treated with nivolumab and TMZ, as well as
dexamethasone. This added therapeutic regimen either could not sustain the early immune

response elicited by CAN-2409 or was inhibiting the acute stimulatory effect. Based on our

preclinical data'®, we would have expected that the addition of nivolumab after the
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intratumorally delivered CAN-2409 would sustain an immune activating effect over a much
longer period of time, as has been observed in other clinical trials of CAN-2409 in combination
with immune checkpoint inhibitors®. Several factors might have contributed to the finding in
this clinical trial. First, inhibition of the PD-1 pathway may not lead to effective antitumor
immunity in nHGG/nGBM, as compared to other indications, perhaps due to epigenetic

mechanisms of regulation®"*?

or potentiation of regulatory T-cell function dampening the anti-
tumor immune response>>. Our finding of increased expression of 1COS, CD38 and HLA-DR in
the T-reg CyTOF analysis may support this hypothesis. This may also be pertinent to the
observation that anti-PD1 monotherapy was unable to improve patient survival in HGG/GBM in
a separate clinical trial of immune-based gene therapy**. Co-administration of TMZ and
dexamethasone (used in this trial to mitigate tumor associated symptoms), and both known as
potent immunosuppressors, might have played an additional immunosuppressive role, silencing
the immune response and subsequent loss of clinical activity. Finally, in this trial, patients
received only a single course of CAN-2409 plus prodrug. Though this yielded some encouraging
survival advantages in _our previous study without nivolumab™, in other indications we have
demonstrated that a second course of treatment is required to promote the maturation of the
antitumoral immune response associated with survival®®. Therefore, additional courses of CAN-
2409 and or VCV may be beneficial. Finally, others have demonstrated that the sequential
timing of therapeutic intervention when adding immune checkpoint inhibitors can be critical.

In a GBM clinical study comparing neo-adjuvant to adjuvant use of PD-1 blockade, the

neoadjuvant group showed a median survival of 13.7 months versus 7.5 months (HR 0.39) for
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the adjuvant only group®. Further analysis of the relative timing of CAN-2409 and anti-PD-1

may improve the outcome of this combination in a larger subgroup of GBM patients.

In the cohort of patients with GTR and methylation of the MGMT promoter, we observed a
small subgroup of patients with mOS >30 months, significantly exceeding the mOS of 24

months, reported for patients receiving optimal SOC**®.

Comparing the immune response
elicited in these “long survivors” with the response observed in the same group of patients
(methylated MGMT undergone GTR) surviving less than 25 months, we demonstrated evidence
of significant systemic immune activation in the former, with increase in cytokine levels,
immune cell frequency, and T cell clonotype profiling. Despite the small numbers of patients
evaluated and the exploratory nature of this analysis, these data suggest that there may be a

subgroup of patients with nHGG, methylation of the MGMT promoter and GTR who might

benefit from this multimodal therapy.

The mOS observed in the small group of patients with methylated MGMT promoter undergone
GTR in the current study is similar to that reported in Checkmate 548, a large phase 3 clinical

trial evaluating the effects of adjuvant nivolumab in GBM"?’

. Despite the clear distinctions
between this small, open-label phase 1 clinical trial and the larger phase 3 trial, comparing the
two studies may vyield interesting insights. In contrast to Checkmate 548, which limited steroid

dose at the time of enrollment to < 3mg daily, there was no limitation in the use of steroids in

the current combination study. On the contrary in the current study, patients often received
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high doses of corticosteroids in the perioperative period, potentially attenuating the immune
response generated by the combination of CAN-2409 plus prodrug and nivolumab and, as
mentioned above, potentially negatively contributing to the efficacy of this therapeutic
regimen. Importantly, in the current study there was no preselection for patients with favorable
prognostic markers after treatment initiation. Patient enrollment in our clinical trial occurred at
the time of surgery, while in Checkmate 548 it occurred after radio chemotherapy, and
excluded patients whose imaging or clinical status deteriorated after SOC. In our trial, no post-
SOC exclusion was applied. In the present study patients received both chemo (TMZ) and
radiation, therapeutic approaches historically associated with poor response to immunotherapy
due to induction of lymphopenia. Lymphopenia was observed in seven patients in the current
study (2 methylated, 1 partial methylated and 3 unmethylated) without a clear association with
survival in either population. Evidence in preclinical models indicate that radiation therapy, that
stimulates DNA repair mechanism .in tumor cells, can synergize with CAN-2409 mechanism of
action that induces the formation of an intercalate that blocks DNA repair and promotes cell
death. In support of this preclinical evidence, biomarker analysis and clinical data in pancreatic
cancer support the synergistic effect between the two modalities*®. However, it is not possible
to exclude that this modality interferes with the classic immunostimulatory mechanism of

action of nivolumab.

In conclusion, the findings of this study indicate that experimental therapeutic approach using

CAN-2409 and nivolumab in HGG is both feasible and well tolerated. Although the study was
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not designed to explore clinical efficacy, correlative scientific analyses demonstrate the ability
of this combination of immunotherapies to induce systemic immune activation, with
encouraging outcomes observed in a mall subgroup of patients. Various opportunities to
further potentiate this regimen, including sequential timing of the therapies, genetic and
protein-based subgroup stratification, and limited administration of immune-suppressant
medications are suggested by the data. Of note, recent biological biomarkers and encouraging
clinical activity data were presented for a therapeutic regimen consisting of two courses of
CAN-2409 plus prodrug in combination with ICl in stage lll/IV non-small cell lung cancer with an
inadequate response to ICl alone®. In that indication, activation of the immune response after
the second administration for CAN-2409 was significantly associated with survival, providing
the biological rationale for the “booster effect” provided by the second course of CAN-2409°°.
The data presented here along with our previous clinical studies in GBM, provide strong
rationale for future work exploring CAN-2409, in particular in the patient population able to

undergo GTR.
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Abbreviations: AEs— adverse events; ALT - alanine transaminase; AST — aspartate
transaminase; CM — central memory; CyTOF — cytometry by time of flight; DC — dendritic cells;
EM — effector memory; GBM — glioblastoma; GTR — gross total removal; HRs — hazard ratios;
HGG - high-grade gliomas; HSV —herpes simplex virus; ICI —immune checkpoint inhibitors; ICOS
— inducible costimulator; IDH — isocitrate dehydrogenase; ITT — intent to treat; IQR -
interquartile range; MGMT — methylguanine methyltransferase; MIBI' — multiplex ion beam
imaging; mOS — median overall survival; nHGG (newly diagnosed high-grade glioma); nGBM
(newly diagnosed glioblastoma) OS — overall survival; SoC — standard of care; STR — subtotal
resection; TCR — T cell receptor; TME — tumor microenvironment; TMZ — temozolomide; TTF —
tumor-treating fields; UMAP — Uniform Manifold Approximation and Projection; VCV —

valacyclovir; WES — whole exome sequencing.
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Figure Legends

Figure 1- Trial schematic and patient survival. (a) CONSORT diagram. Trial safety population
(n=41) represented by methylation status. (b) Representation of time of survival (months) since
treatment started for each evaluable patient (n=35). (c) Kaplan-Meier survival analysis for all
evaluable patients (n=35) by months. (d) Kaplan-Meier survival analysis for evaluable patients

(n=35) split by resection and methylation status.

Figure 2- WES analysis reveals combinations of mutated genes associated with mortality. (a)
Double mutation status assessed in baseline tumor tissue of the 24 evaluable patients with
available samples reveal presence of gene pairs significantly negatively associated with survival.
(b) Identified mutation pairs are more frequently present in patients with MGMT unmethylation
than those with methylated MGMT. Fisher’s exact test showed the proportions of the two
patient groups that do not have the mutation pair not to be significantly different from those
that had the mutation pair (p=0.118 for MED15/HRC, p=0.052 for SKIDA1/CACNA1A, p=0.351
for SKIDA1/ARID3A and PAXIP1/ARID3A). (c) When patients with methylated MGMT were
removed from the analysis, only mutation pair (MED15, HRC) was still negatively associated

with survival (p=0.036).

Figure 3- MIBI Analysis of baseline tumors. (a) Cell clusters whose frequencies were shown
by the Elastic Net model to be predictive of increased (blue) or decreased (red) survival.

Coefficients and the optimistic ¢ coefficient are shown. (b) Example of cellular infiltrate
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staining for patients in high and low survival group, and corresponding high vs. low coefficients
for the B cell/dendritic cell cluster. (¢) Survival curves based on frequencies of individual
clusters from the Elastic Net model of panel A, comparing patients above and below the median

frequency. No individual cluster frequencies were statistically significantly predictive of OS.

Figure 4- Longitudinal cytokine analyses, n=41. (a) Circulating proteins that showed associations
with survival at each of the timepoints assessed for all patients. High hazard ratios (HR) with
significant p values (circled and marked by asterisks) include PDCD1 and KLRD1 at baseline. Low
hazard ratios at week 3 and week 5 include TNFRSF21, CD5, and IL13. (b) Kaplan Meier survival
curves revealed cytokines that were significantly associated with survival at baseline, week 3,
and week 5; (c) Volcano plots of immune subsets frequency comparisons between week 3 and

Baseline (CAN-2409+VCV only) and week 5 and week 3.

Figure 5- Longitudinal peripheral T cell clonotype analyses. (a) Density, richness and clonality
of the TCR frequencies among the T cells from the PBMC at the indicated timepoint. P values <
0.05 are indicated. (b) Survival probability depending on Density, Richness and Clonality
evaluated by TCR sequencing at Week 3 by Cox regression analysis. The high/low cut-off was
determined using the median of the total values for each parameter. Nominal p-values are
shown without any multiplicity adjustment and nominal p-value less than 0.05 indicates

meaningful difference.
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Figure 6- Analyses of the MGMT methylated, GTR patients (a) Selected cytokines that showed
significant fold increase in peripheral blood at the 3 (before start of SOC TMZ and nivolumab), 5
(after CAN-2409, SOC, and first Nivolumab cycle), and 11 (after CAN-2409, SOC, and third
Nivolumab cycle) week timepoints. Cytokines in bold (PDCD1, PGF, CD40-L, ANGPT1, PDGF
subunit B) were characterized by a significant change at week 3 or 5 from previous timepoint
(see also Figure S8a-d). Cytokines in blue (PDCD1, MMP12, EGF) were also identified as
significant predictors of survival outcome at the 3 for PDCD1 and MMP12 (b, c) or 5 (d) week
timepoints. (e) CyTOF profiles of significant immune cell sub-population changes in MGMT
promoter methylated /GTR long vs. short term survivors (see also Figure S8a-i). (f, g) T cell
metrics at baseline (f) and 3 week timepoint (g) between the short vs. long-term MGMT

methylated GTR patients.
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Figure 6
a.
Average fold change - p values
Week3 Week5 Week 11
PDCD1 0.012 0.019 0.059
MMP12 0.023 0.079 0.123
PGF 0.047 0.376 0.441
CD40-L 0.114 0.021 0.552
EGF 0.431 0.017 0.770
ANGPT1 0.793 0.037 0.967
PDGF subunitB  0.836 0.032 0.889
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