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Abstract

Background. GSK3p serine/threonine kinase regulates metabolism and glycogen biosynthesis. GSK3p
overexpression promotes progression and resistance through NF-xB and p53 apoptotic pathways. GSK3p inhibits
immunomodulation by downregulating PD-L1 and LAG-3 checkpoints and increasing NK and T-cell tumor killing.
9-ING-41, a small-molecule, selective GSK3p inhibitor, showed preclinical activity in chemo-resistant PDX glioblas-
toma models, including enhanced lomustine antitumor effect.

Methods. Refractory malignancies (n = 162) were treated with 9-ING-41 monotherapy (n = 65) or combined with
8 cytotoxic regimens after prior exposure (NCT03678883). Recurrent gliomas (n = 18) were treated with 9-ING-41
IVTIW g21day cycles at 3.3, 5, 9.3, 15 mg/kg, as monotherapy or combined with lomustine 30 mg/m2 PO weekly
q84day cycles. Primary objective was safety.

Results. RP2D of 15 mg/kg IV TIW was confirmed across all 9 regimens, no accentuated chemotherapy
toxicity noted. Glioma subtypes included: 13 glioblastoma, 2 anaplastic astrocytomas, 1 anaplastic oligo-
dendroglioma, 1 astrocytoma. Median age 52 (30-69) years; 6 female, 12 male; median ECOG 1 (0-2); median
recurrences 3 (1-6). All received upfront radiation/temozolomide (18/18), plus salvage nitrosoureas (15/18),
bevacizumab (8/18), TTFields (6/18), or immunotherapy (4/18). IDH/mutation(3/18); 1p19g/codeletion(1/18);
MGMT/methylated(1/18). Four received 9-ING-41 monotherapy, 14 concurrent with lomustine. No severe
toxicities were attributed to 9-ING-41, only mild vision changes (9/18, 50%), or infusion reactions (4/18, 22%).
Lomustine-related toxicities: G3/4 thrombocytopenia (3/14, 21%), G1/2 fatigue (4/14, 28%). Median days on
therapy was 55 (4-305); 1 partial response (>50%) was noted. Median OS was 5.5 (95% CI: 2.8-11.4) months
and PFS-6 was 16.7%.

Conclusion. 9-ING-41 plus/minus lomustine is safe and warrants further study in glioma patients.
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Key Points

® FIH dose-escalation trial of 9-ING-41, GSK-3p inhibitor, plus/minus lomustine.

¢ No grade 3-4 9-ING-41-related nor accentuated grade 3-4 lomustine toxicities noted.

e Preliminary OS and PFS were promising and warrant further study.

Importance of the Study

This study reports the safety and preliminary
efficacy signal of the first-in-human study of
9-ING-41, a small-molecule potent selective
GSK-3f inhibitor, as monotherapy or in combi-
nation with lomustine in adults with recurrent
gliomas. GSK-38, a serine/threonine kinase, is
a key regulator of metabolism and glycogen
biosynthesis. GSK-3 aberrant overexpression
promotes tumor progression and che-
motherapy resistance through NF-xB and

Based on the Central Brain Tumor Registry of the United
States (CBTRUS), gliomas are the most frequent adult pri-
mary brain tumors with an incidence of 6.03 per 100 000
adults per year. Glioblastoma, WHO grade IV glioma, is
the most frequent adult primary malignant brain tumor ac-
counting for 14.5% of all primary brain tumors.” Malignant
gliomas are the second leading cause of cancer mortality in
adults under 35 years of age.? Despite advances in imaging,
anesthesia and surgical techniques, the prognosis of malig-
nant gliomas treated by surgical resection alone is dismal
with a median survival of 4-6 months.34% Radiotherapy
remains the most effective treatment, extending median
survival to 8-9 months.6”8 Temozolomide therapy ex-
tends median survival to 15 months for glioblastomas and
2-5 years for anaplastic gliomas.>' Tumor treating fields
(TTFs) are low intensity, moderate frequency, alternating
electrical fields that added to adjuvant temozolomide pro-
longed median survival for glioblastomas to 20 months.”
The 5-year survival rate for glioblastoma remains at <10%."?
Cytotoxic agents or other antineoplastic therapies have lim-
ited efficacy in recurrent disease with an expected overall
survival of 3 months for glioblastoma.® Malignant gliomas
remain a significant unmet clinical need with dismal sur-
vival and limited effective treatment options. There is an
urgent need for innovative, safe, and effective therapies for
these uniformly fatal neoplasms.

Glycogen Synthase Kinase-3 (GSK-3) is a serine/threo-
nine kinase initially described as a key regulator of metab-
olism, specifically glycogen biosynthesis.™ It has a role in
diverse disease processes including cancer, immune dis-
orders, metabolic disorders, and neurological disorders
through modulation of a large number of substrates.
GSK-3 has two ubiquitously expressed and highly con-
served isoforms, GSK-3a and GSK-3@, with both shared
and distinct substrates and functional effects.'42°

GSK-3f is particularly important in tumor progression
and oncogene modulation (including beta-catenin, cyclin

p53-mediated apoptotic pathways. 9-ING-41
showed preclinical antitumor activity against
several tumor types, including chemo-resistant
PDX models of glioblastoma, where 9-ING-41
enhanced the antitumor effect of lomustine.
9-ING-41 proved safe as single agent and in
combination with lomustine in adult gliomas.
The combination of weekly low dose lomustine
plus 9-ING-41 warrants further study in patients
with glioblastoma.

D1, and c-Myc), cell cycle regulators (e.g., p27Kip1), and
mediators of epithelial-mesenchymal transition (e.g., zinc
finger protein SNAI1, Snail).’®2'-23 Aberrant overexpression
of GSK-3f has been shown to promote tumor growth and
chemotherapy resistance in various solid tumors including
colon, ovarian and pancreatic cancers and glioblastoma
through differential effects on the pro-survival nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-xB) and c-Myc pathways as well on tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL) and p53-
mediated apoptotic mechanisms.?42°

NF-xB is a transcription factor which is constitutively
active in tumor cells and promotes anti-apoptotic mol-
ecule expression; its activation is particularly important
in chemo- and radio-resistant cancer cells.3® GSK-3f is
a positive regulator of NF-xB and a pro-oncogene, there-
fore, inhibiting GSK-3p could overcome NF-kB-mediated
chemo-resistance in human cancers.

In GBM, molecular analysis of brain tumor biopsies
has identified elevated expression of NF-xB and its target
genes compared to normal brain tissue.’' Constitutive
activation of NF-xB has been reported in human GBM
tumors and found to be important in promoting tumor in-
vasion and resistance to alkylating agents.3? GSK3 inhibi-
tion induces glioma cell death through ¢c-MYC, NF-xB, and
glucose regulation. GSK3 inhibition was accompanied by
downregulation of several NF-xB regulated pro- survival
genes including IL8, IER3, and BIRC2 as assessed by mi-
croarray gene expression analysis and TagMan RT-PCR. In
addition, the inhibition of GSK3 activity results in c-MYC
activation leading to the induction of Bax, Bim, DR4/
DR5, and TRAIL expression and subsequent cytotoxicity
in glioma models. Other tool GSK3 inhibitors and TRAIL
act synergistically in glioma cell cytotoxicity both in vitro
and in vivo. Targeting components of NF-xB signaling
represents a therapeutic strategy to overcome GBM
chemo-resistance.
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9-ING-41 is a first-in-class, intravenously (IV) adminis-
tered, maleimide-based small molecule and a potent se-
lective GSK-3f inhibitor with significant preclinical single
agent antitumor activity that involves G0-G1 and G2-M
phase arrest and induction of apoptosis (Figure 1).233334
The putative antitumor mode of action of 9-ING-41 is
through downregulation of NF-kB and decrease in the ex-
pression NF-«xB target genes cyclin D1, Bcl-2, anti-apoptotic
protein (XIAP), and B-cell lymphoma-extra-large (Bcl-XL),
leading to inhibition of tumor growth in multiple solid
tumor and lymphoma cell lines, as well as patient derived
xenograft (PDX) models.??3%3¢ The mechanism for apop-
tosis is through caspase-3 cleavage.?” In the synthesis and
selection of 9-ING-41, the compound was chosen from a
panel of several GSK3-B inhibitors due to its optimal CNS
penetration.38

In both chemo- and radio-resistant orthotopic PDX
models of GBM, the combination of 9-ING-41 and CCNU
demonstrated significant regression of established in-
tracranial tumors and histologically confirmed cures.?
A chemosensitive GBM model demonstrated durable and
long responses in mice treated with lomustine + 9-ING-41,
with complete tumor regression and increase in mouse
weight and health. Median survival was 142 days vs. 85
without 9-ING-41. Complete remission was also noted in
chemo-resistant glioblastoma orthotopic tumors in mice,
with complete survival after treatment with CCNU + 9-ING-
41 and total regression of intracranial GBM6 PDX tumors
with recovery of mouse brain structures. Based on the pre-
clinical data reported by Ugolkov et al (2017),% the regimen
chosen required interaction between 9-ING-41 and the
chemotherapy more frequently than the standard dosing

ABERRANT NUCLEAR ACCUMULATION OF

GSK-3p

Chemical Name: 3-(5-
Fluoro-benzofuran-3-yl)-
4-(5-methyl-5H-[1,3]
dioxolo[4,5-flindol-7-yl)-

pyrrole-2,5-dione
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Mechanism of Action of GSK-38 and 9-ING-41 (GSK-3R inhibitor). 9-ING-41 is a small-molecule potent selective GSK-3f inhibitor with

preclinical antitumor activity against several tumor types. 9-ING-41 downregulates oncogenic pathways that lead to chemotherapy and drug re-
sistance including: (1) NF-xB pathway; (2) DNA damage response (DDR) pathway. Suppressing these pathways may restore responsiveness of

resistant tumors to chemotherapy and radiation therapy.
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of lomustine dosed every 6 weeks. The weekly lomustine
regimen chosen was developed by the MDACC group with
documented clinical data as detailed by CA Koller et al
(1994) in a phase | trial of weekly lomustine in patients
with advanced cancer. The safety profile was preferable
and allowed for frequent concurrent dosing with the twice
weekly 9-ING-41 infusions. These results provided a strong
rationale for advancing 9-ING-41 into clinical development
for treating glioma patients.

Methods
Study Design

This was a first-in-human trial (NCT03678883) of 9-ING-41
as monotherapy or combined with 8 cytotoxic regimens
after prior treatment with the same chemotherapy for re-
fractory malignancies. The primary objective was to eval-
uate the safety and tolerability, describe any dose-limiting
toxicity (DLT), determine the maximum tolerated dose
(MTD) or highest protocol-defined doses (in the absence
of exceeding the MTD) and the recommended phase Il
study dose (RP2D) for 9-ING-41 as monotherapy (Study
Part 1) and in combination with chemotherapies (Study
Part 2) in patients with relapsed or refractory malignan-
cies. Secondary analyses included progression-free sur-
vival, overall survival, clinical benefit rate, and duration
of response. For the glioma cohort, secondary endpoints
included response by RANO (Response assessment in
neuro-oncology criteria) (Figure 2).383°

Ethics

An appropriate institutional review board or ethics
committee approved the project. Written informed con-
sent was obtained from the subjects or legally authorized
representative.

Toxicity Assessment

Safety was assessed throughout the study including by re-
cording and monitoring Adverse events (AEs) based on the
CTCAE v4.03. Standard monitoring included vital signs (blood
pressure, pulse, respiratory rate, body temperature), physical
examination findings, serum chemistry and hematology lab-
oratory values, urinalysis, ECG, and concomitant medication
usage. For the purpose of dose escalation, a dose-limiting
toxicity was defined as any prolonged or clinically significant
grade 3-4 adverse event newly occurring in the first 21 days
of the first cycle of treatment, unless there is a clear alterna-
tive explanation (e.g., related to underlying disease/progres-
sion). Grade >3 infusion reactions or other allergic reaction or
anaphylaxis was not being considered a DLTs.

Study Treatment and Assessments

Enrollment into the monotherapy arm of the study (n = 67)
followed a traditional 3 + 3 design for 8 different dose levels
of 9-ING-41 (1.0, 2.0, 3.3, 5.0, 7.0, 9.3, 12.4, and 15 mg/kg)

given IV twice a week in 21-day cycles. In the 8 chemo-
therapy combination arms (n = 171), enrollment started
after 2 dose levels cleared in the monotherapy arm and fol-
lowed a 3 + 3 dose escalation design in tandem with mono-
therapy escalation, with 6 dose levels of 9-ING-41 tested
(3.3,5.0,70,9.3, 12.4, and 15 mg/kg). Intra-patient and inter-
patient dose escalation of 9-ING-41 was allowed if subse-
quent dose levels cleared and patients continued on study.
Patients were treated until progression, unacceptable tox-
icity, or until no longer deriving benefit from therapy.

Main inclusion criteria for the overall study included: re-
fractory malignancy, age >18 years, ECOG PS 0-3, prior
treatment with same chemotherapy regimen to be admin-
istered in the combination arms, and stable CNS disease
for 14 days prior to starting therapy on study. Patients
with GBM and other CNS tumors were required to have
measurable disease, defined as a clearly enhancing tumor
with at least two perpendicular diameters at entry >1 cm.
Patients with gliomas also needed histologic confirmation
with unequivocal progression after chemoradiotherapy
with or without antiangiogenic treatment at least 3 months
after the end of radiotherapy.

The subset of patients with recurrent gliomas (n = 18)
was treated with 9-ING-41 monotherapy IV twice weekly
in 21-day cycles at different dose levels or with 9-ING-41
given IV twice weekly combined with lomustine 30 mg/
m2 PO once weekly in 84-day (12 week) cycles. Response
assessment was based on MRIs required every 12 weeks,
though investigators often opted for MRIs every 6 weeks
per local practice, using the response assessment in
neuro-oncology (RANO) criteria. Patients on the lomustine
arm were eligible if failed prior therapy with a nitrosurea.

Results
Study Population

Demographics.—There were 6 female and 12 male pa-
tients. The median age at study entry was 52 (30-69)
years. The median ECOG at study entry was 1 (0-2).
The histologies included 13 glioblastoma, 2 anaplastic
astrocytomas, 1 anaplastic oligodendroglioma, 1 diffuse
astrocytoma. All patients had received first-line radiation
and temozolomide (18/18) prior to study enrollment. The
median number of recurrences and lines of therapy for re-
current disease were 3 (1-6). Prior therapy for recurrences
included nitrosoureas (15/18), bevacizumab (8/18), TTFields
(6/18), and immune checkpoint inhibitor (4/18) (Table 1).

Genetic Profile of the Glioma Subset

Glioma subtypes included 1 anaplastic oligodendro-
glioma (IDH-mutant, 1p/19q codeleted) and 2 other
IDH-mutant astrocytomas, 1 IDH wild-type anaplastic
astrocytoma, plus 14 glioblastomas with wild-type or
unknown IDH status. Key genomic alterations for the 18
patients plus additional 11 NGS reports included: MGMT
promoter methylated in 1/18 (5.5%); EGFR amplification
in 7/11 (64%) and EGFR v3 mutation in 4/11 (36%); TERT
promoter mutation in 8/11 (73%); ATRX loss in 2/11 (18%);
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Refer to supplementable table for patient level molecular and prior therapy data.

Figure 2. Survival Statistics for the Glioma Subset Kaplan-Meier Overall Survival curve (A) and Swimmer Plot (B) of Progression-Free and Overall
Survival for the glioma cohort. A supplemental table includes individual molecular and prior therapy data for patients as represented in the swimmer
plot.
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Table 1. Study Design Plus Summary Statistics for the Glioma/Lomustine Subset

Part 1: Enrolling Specific Patient Cohorts @ RP2D of Single Agent 9-ING-41

Part 2: Define RP2D of 9-ING-41 in Combination with Standard Chemotherapy Chosen by Investigator Based on Diagnosis and Prior
Treatment: 9-ING-41 Plus

Gemcitabine Doxoru-  Carboplatin Irinotecan Lomustine  Nab-Paclitaxel Paclitaxel Pemetrexed
1250 mg/m? IV bicin AUC 6 IV 350 mg/m? IV 30 mg/ 125 mg/m? IV and 175 mg/m?1V. 500 mg/m? IV
Days 1/8 of a 75 mg/ Day 1 of a Day 1 of a m? PO as Gemcitabine and Carboplatin
21-day Cycle m? IV 21-day Cycle 21-day Cycle Single 1000 mg/m? IV Carboplatin IV AUC 5 on Day 1
Day 1 of Dose Days 1, 8, and 15 IV AUC 6 on of a 21-day Cycle
a 21-day Weekly in of a 28-day Cycle Day 1 of a
Cycle an 84-Day 21-day Cycle
Cycle
Demographics Descriptive
Statistic
Enrolled (n) 18
Age (median, min—-max) 52.5 (30-70)
Gender (female, %) 6 (33.3%)
Race/ethnicity (n, %) 18 (100%) White,
2 (11.2%) Hispanic
ECOG 1 (n, %) 13(72.2%)
Prior therapies (median, min-max) 3(1-5)
Histology and Descriptive
genetics statistic
Histology? (n=18) Glioblastoma 14 (77.8%)
Malignant IDH-mutantAstrocytoma 2 (11.1%)
Astrocytoma 1(5.6%)
Anaplastic Oligodendroglioma 1 (5.6%)
Genomics IDH mutation 3/18 (16.7%)
1p19q codeletion 1/18 (5.6%)
ATRX mutation 2/11 (18%)
MGMT promoter methylation 1/18 (5.5%)
EGFR amplification 7/11 (64%)
EGFR v3 mutation 4/11 (36%)
TERT promoter mutation 8/11 (73%)
ASXL1 mutation 1/11 (9%)
CDKN2A/B deletion 2/11 (18%)
NF1 rearrangement 1/11 (9%)
PALB2 mutation 1/11 (9%)
PTEN loss 4/11 (36%)
RB1 loss 1/11 (9%)
TP53 mutation 3/11 (27%)
Outcomes Descriptive
Statistic
Evaluable for response (n, %) 18 (100%)
Partial response (n, %) 1(5.6%)
6-month PFS (%) 3(16.7%)
Median PFS (months, range) 1.9 (0.3-11.1)
Median OS (months, 95% Cl) 5.5(95% Cl: 2.8-11.4)

Abbreviations: KPS, Karnofsky performance status; 0S, Overall Survival; PFS, progression-free survival.
Histology based on 2021 WHO criteria included 2 “molecular” glioblastomas (histology favoring anaplastic astrocytoma) and WHO grade IV
IDH-mutant astrocytoma (no long glioblastoma based on molecular profile).
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Table 2. Toxicity of 9-ING-41 Monotherapy and in Combination with Lomustine

CTCAEVv4.03Term Grade 1-2 (n, %)
9-ING-41 IV twice weekly monotherapy

AnyTEAE 12 66.0%
Visual disturbances 9 50.0%
IV site injury 3 16.7%
Infusion Reaction 3 16.7%
Fatigue 2 11.1%
Amylase Increased 1 5.6%
Lipase increased 1 5.6%
9-ING-41 IV twice weekly in combination with lomustine PO once
AnyTEAE 5 27.8%
Anemia (hemoglobin) 0 0.0%
Leukopenia (WBC) 0 0.0%
Lymphopenia (ALC) 1 5.6%
Neutropenia (ANC) 1 5.6%
Thrombocytopenia (platelets) 2 11.1%
Purpura 1 5.6%
Nausea 1 5.6%
Stomatitis 1 5.6%
Fatigue 6 33.3%
iv site injury 1 5.6%
Decrease Appetite 1 5.6%
Epistaxis 1 5.6%

Grade 3-4 (n, %) All Grade (n, %)

0 0.0% 12 66.0%
0 0.0% 9 50.0%
0 0.0% 3 16.7%
0 0.0% 3 16.7%
0 0.0% 2 11.1%
0 0.0% 1 5.6%
0 0.0% 1 5.6%
weekly
3 16.7% 4 44.4%
1 5.6% 1 5.6%
1 5.6% 1 5.6%
0 0.0% 1 5.6%
0 0.0% 1 5.6%
2 11.1% 4 44.4%
0 0.0% 1 5.6%
0 0.0% 1 5.6%
0 0.0% 1 5.6%
0 0.0% 6 33.3%
0 0.0% 1 5.6%
0 0.0% 1 5.6%
0 0.0% 1 5.6%

No Grade 34 Treatment-Emergent Adverse Event (TEAE) were reported for 9-ING-41 monotherapy.

TP53 mutated in 3/11 (27%), PTEN loss in 4/11 (36%);
CDKN2A deletion in 2/11 (18%); NF1 rearrangement in
1/11 (9%); RB1 loss in 1/11 (9%); ASXL1 mutation 1/11
(9%); and PALB2 mutation 1/11 (9%).

Adverse Events

A 9-ING-41 RP2D of 15 mg/kg IV twice weekly was confirmed
across all 9 regimens (monotherapy and 8 different chemo-
therapy combinations). Dose escalation halted at 15 mg/
kg due to volume of administration cap at 2L per dose, de-
termined to be the maximum clinically feasible dose. No
DLTs or 9-ING-41 attributed SAEs were observed in the
monotherapy arm. In the combination arms, one SAE was
observed in a patient with grade 3 transient vision change
unable to perform ADLs for the duration of the event. Refer
to Table 2 for complete list of drug related toxicities.

In the subset of glioma patients (n = 18), there was no
accentuation of chemotherapy-related toxicity noted. Four
subjects with recurrent gliomas received single agent
9-ING-41, while 14 were treated with 9-ING-41 IV twice
weekly plus lomustine 30 mg/m? orally once weekly. Those
patients receiving lomustine were required to have prior
exposure to a nitrosourea. No SAEs or grade 3/4 adverse
events were attributed to 9-ING-41. In this subset of pa-
tients, 9-ING-41-related toxicities included grades 1/2 tran-
sient vision changes (9/18, 50%) and infusion reactions

(4/18, 22%). Transient vision changes consisted of patients
reporting lights brighter and skin tones darker, effects
lasted up to several hours and were completely reversible
without any end-organ damage. This side effect was con-
sidered a potential sign of target engagement and a drug
class effect, due to the known prevalence of GSK-3B in the
synaptic layers of the retina and photoreceptor cells.®? Side
effects from lomustine included grades 3/4 thrombocyto-
penia (3/14, 21%) and grade 1/2 fatigue (4/14, 28%) as ex-
pected. No attributable grade 5 events were observed in
this cohort, nor in the overall study.

Clinical Endpoints

In the glioma subgroup, median duration on therapy was
55 (4-305) days or <1 cycle, and 4 out of 18 patients (22%)
had stable disease for 20 weeks (or ~2 cycles) or longer.
The median progression-free survival (PFS) was 1.9 (0.3—
11.1) months, median overall survival (OS) of 5.5 (95% ClI:
2.8-11.4), and PFS at 6 months of 16.7% (Table 1; Figure 2).
Best overall response observed was 1 partial response
after 2 cycles of 9-ING-41 and lomustine (Figure 3), noted
in an IDH wild-type gliosarcoma that had progressed on
carmustine prior to trial enrollment. Pseudo-progression,
or increased enhancement with low cerebral perfusion,
was suspected in a patient with glioblastoma (Figure 4).
Symptoms often improved with treatment hold and/or
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This 66 year-old woman was diagnosed in 3/2018 with left temporal gliosarcoma, IDH wild
type. She was treated with a one cycle of salvage carmustine for first progression in 8/2019 (A:
Sagittal T1), but tumor progressed after a single cycle ending 10/2019 (B: Sagittal T1: C: Axial
T2/FLAIR; D: Coronal T1). Partial response of the target lesion by RANO criteria (>50%
decrease) was noted by 3/2020 (E: Axial T2/FLAIR; F: Coronal T1) on combination 9-ING-41
plus low dose weekly lomustine 30mg/m2 and while off steroids. Progression by RANO criteria
was noted by 7/2020 (G: Axial T2/FLAIR; H: Coronal T1). (All post-gadolinium MRI)

Figure 3.

Partial response by response assessment in neuro-oncology (RANO) criteria. This 66-year-old woman was diagnosed in 3/2018 with a

left temporal gliosarcoma, IDH wild-type. She was treated with a one cycle of salvage carmustine for first progression in 8/2019 (A: Sagittal T1), but
tumor progressed after a single cycle ending 10/2019 (B: Sagittal T1; C: Axial T2/FLAIR; D: Coronal T1). Partial response of the target lesion by RANO
criteria (>50% decrease) was noted by 3/2020 (E: Axial T2/FLAIR; F: Coronal T1) on combination 9-ING-41 plus low dose weekly lomustine 30 mg/m?
and while off steroids. Progression by RANO criteria was noted by 7/2020 (G: Axial T2/FLAIR; H: Coronal T1). (All postgadolinium MRI).

steroids, with stabilization if not improved enhancement
on subsequent MRIs.

Discussion

In this phase | trial, no significant toxicities were attributed
to 9-ING-41, only mild and transient vision changes (50%)
or infusion reactions (22%). Lomustine-related toxicities,
including moderate-to-severe thrombocytopenia (21%)
and mild fatigue (28%) were comparable to rates and se-
verity reported in monotherapy trials.

Most gliomas enrolled had at least 3 prior lines of
therapy. The observed survival compares favorably with
historical controls in the >2nd line GBM setting, after failure
of temozolomide.*’-#* Additionally, in this >3 line recur-
rent population, all patients received first-line radiation
and temozolomide (18/18), and prior therapies for recur-
rences included nitrosoureas (15/18), bevacizumab (8/18),
TTFields (6/18), and immune checkpoint inhibitors (4/18).

A patient developed symptomatic intra-cerebral edema
following infusion with 9-ING-41, requiring courses of

steroids and treatment holds of the investigational agent
until symptom resolution and/or radiographic improve-
ment. This suspected “pseudoprogression-like” pattern
observed on imaging, namely decreased perfusion in
areas of interest, manifesting clinically with headaches and
vision impairment, may be linked to recruitment of tumor
infiltrating lymphocytes into a closed cavity following infu-
sion. In fact, a wealth of preclinical data supports the role
of 9-ING-41 as an immune modulator in both in vivo and in
vitro tumor models. Emerging evidence shows that GSK-3f3
is a central upstream regulator of major coinhibitory re-
ceptors onT cells. GSK-3f3 was found to regulate the tran-
scriptional activation of programmed death-1 (PD-1) on T
cells,*® and subsequent studies showed that pharmaco-
logical GSK-3f inhibition leads to reduction of PD-1 ex-
pression and increased function of CD8+ cytotoxic T cells
in vitro and in vivo.*647 Secondly, GSK-33 was also found
to regulate the expression of the coinhibitory receptor
Lymphocyte Activation Gene-3 (LAG-3) on CD4+ and CD8+
T cells, and other small molecule GSK-3f inhibitors were
found to downregulate LAG-3 on CD4+ and CD8+ T cells
and enhance tumor clearance.*® B16 melanoma mouse
models from the Taylor lab reveal 9-ING-41 downregulates
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MRIs: Axial T1 post-gadolinium 1-3, 4B, 5B, 6, 7A; Axial T2 FLAIR4A, 5A, 7B: Axial perfusion 4C, 5C

This 71 year-old woman was diagnosed with a right temporal glioblastoma in 6/2018. After 7
adjuvant cycles of temozolomide, she developed enhancing tumor pregression by 4/2019
second-line lomustine started 5/2019, but progress on was noted by 6/2019. AFter subtotal
resection in 7/2019, she started combination 9-INC-41 and lomustine by 8/2019 (MRI #1).
She developed vasogenic edema by mid cycle 1 (MRI #2), requiring steroids and treatment
hold until 9/2019. Brain MRlIs in 9/2019 (MRI #3) adn 10/2019 (MRI #4A,B) showed
increased enhancement and edema, but perfusion was diminished in the corresponding
area (4C). Brain MRI in 12/2019 (MRI #5a, B) again showed increased enhancement and
edema again with diminished perfusion (D5C), radiographically but not clinically improved by
1/2020 (MRI #6) and 2/2020 (MRI #7A,B), when trial consent was withdrawn.

Figure 4. Suspected pseudo-progression or equivocal progression by RANO criteria. This 71-year-old woman was diagnosed with a right temporal
glioblastoma in 6/2018. After 7 adjuvant cycles of temozolomide, she developed enhancing tumor progression by 4/2019. Second-line lomustine
started 5/2019, but progression was noted by 6/2019. After subtotal resection in 7/2019, she started combination 9-ING-41 and lomustine by 8/2019
(MRI #1). She developed vasogenic edema by mid cycle 1 (MRI #2), requiring steroids and treatment hold until 9/2019. Brain MRls in 9/2019 (MRI #3)
and 10/2019 (MRI #4A,B) showed increased enhancement and edema, but perfusion was diminished in the corresponding area (4C). Brain MRI in
12/2019 (MRI #5A,B) again showed increased enhancement and edema again with diminished perfusion (5C), radiographically but not clinically im-
proved by 1/2020 (MRI #6) and 2/2020 (MRI #7A,B), when trial consent was withdrawn.
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PD-1 and LAG-3 expression, leading to a synergistic effect
when given sequentially or in combination with immune
checkpoint inhibitors in both flank and brain melanoma
models (Taylor, Personal Communication 2021).

9-ING-41 also boosts NK and effector T-cell mediated
killing of tumor cells in colorectal cancer cell lines,*® and
in both MYC-N amplified and nonamplified cell lines of
neuroblastoma, exposure to 9-ING-41 leads to a boost
in MHC-1 expression when stimulated with IFNy, and in
MYC-N nonamplified cells a notable increase in PD-L1 ex-
pression is seen, supporting a combination approach with
immune checkpoint blockade.®® These studies highlight the
multi-pronged immune regulatory effects of GSK-3f, as
well as 9-ING-41’s activity akin to an immune checkpoint in-
hibitor which could explain the striking pattern of recurring
edema observed in some patients, requiring dose holds
and ultimate extension of dosing interval to once a week.

Conclusion

Results from the subset of 18 patients with gliomas in this
FIH study demonstrate that 9-ING-41 as a single agent and
in combination with lomustine is safe and well tolerated.
Early evidence of clinical benefit was observed in a subset
of patients, as well as pseudo-progression attributed to
9-ING-41's known immune modulatory effects, supporting
a different dosing regimen in this population. Future
studies will evaluate the overall efficacy of this combina-
tion in glioblastoma patients in the temozolomide-relapse
setting and explore extended treatment intervals.

Supplementary Material

Supplementary material is available at Neuro-Oncology
Advances online.
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