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Abstract

Introduction: There are currently no approved targeted therapies for squamous cell lung cancer
(LSCC) and KRAS mutant lung adenocarcinoma (LUAD). About 30% of LSCC and 25% of
KRAS mutant LUAD exhibit hyperactive NRF2 pathway activation through mutations in NFE2L2
(the gene encoding NRF2) or its negative regulator KEAP1. Preclinical data demonstrate that these
tumors are uniquely sensitive to dual inhibition of glycolysis and glutaminolysis via mTOR and
glutaminase inhibitors. This phase 1 study was designed to assess safety and preliminary activity
of the mTOR inhibitor sapanisertib (MLN0128) in combination with the glutaminase inhibitor,
CB-839.
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Methods—Phase 1 dose finding will use the queue-based variation of the 3+3 dose escalation
scheme with the primary endpoint of identifying the recommended expansion dose. Subsequently,
patients will enroll into four expansion cohorts (N=14 per cohort): 1) LSCC harboring NFEZL2 or
2) KEAPI mutations or 3) LUAD harboring KRASI(KEAPI or NFE2L2) co-alterations, or 4)
LSCC WT for NFEZL2and KEAPI to confirm acceptable tolerability of the RED. The primary
endpoint of the dose expansion is to determine the preliminary efficacy of MLN0128/CB-839
combination therapy.

Conclusion—This phase 1 study will determine the RED and preliminary efficacy of
sapanisertib (MLN0128) and CB-839 in advanced NSCLC with a focus on subsets of LSCC and
KRAS mutant LUAD harboring NFE2L2 or KEAP1 mutations.

Microabstract
About 30% of LSCC and 25% of KRAS mutant LUAD exhibit hyperactive NRF2 pathway
activation through mutations in NFE2L.2 or its negative regulator KEAPL. Preclinical data
demonstrates these tumors are uniquely sensitive to dual inhibition of glycolysis and
glutaminolysis via mTOR and glutaminase inhibitors, respectively. This phase 1 study was
designed to assess safety and preliminary activity of the mTOR inhibitor sapanisertib in
combination with the glutaminase inhibitor CB-839.

Keywords
Squamous cell lung cancer; Lung adenocarcinoma; Glycolysis; Glutaminolysis; NRF2; KEAP1

Introduction:

Patients with stage IV squamous cell lung cancer (LSCC) account for 25% of all NSCLC
diagnosed worldwide, amounting to 40,000 new cases annually in the United States and
350,000 annually worldwide(1). While oncogene driven lung cancers have seen 7 therapies
approved that target alterations that typically occur in lung adenocarcinomas, patients with
LSCC have seen little advancement in targeted therapies(2).

The NRF2 pathway (encoded by NFEZL2) is a transcription factor that activates antioxidant
response elements and is frequently hyperactive in NSCLC. NFE2L2 mutations disrupt
KEAP1 binding and upregulate mTOR through RagD(3). KEAPL1 is a tumor suppressor that
negatively regulates NRF2 and sequestering NRF2 to the cytoplasm. NFE2L2and KEAPI
mutations occur in approximately 30% of LSCCs and 25% of KRAS mutant NSCLCs(4-6).
Patients with lung cancers containing NFEZL2 and KEAPI co-mutations lack effective
treatments, and new therapeutic approaches are needed to improve outcomes for these
patients.

In an NCI sponsored phase 2 trial of the mTOR inhibitor MLNO0128 (sapanisertib) in
NFEZL2or KEAPI-mutant stage IV LSCC and KRAS mutant lung adenocarcinoma
(LUAD) preliminary activity was noted in evaluable NFE2L 2 mutant LSCC(7). CB-839 HCI
(telaglenastat) is a first in class oral glutaminase inhibitor that blocks tumor glutamine
consumption. Glutaminase inhibitors have synergistic anti-tumor efficacy with MLN0128
(sapanisertib) in NRF2 upregulated NSCLC(8). Glutaminase is a mitochondrial enzyme that
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is the rate limiting step for conversion of glutamine to glutamate. Tumor cells consume
glutamine for biosynthesis, proliferation and regulation of oxidative stress. When glycolysis
is inhibited by mTOR inhibition with MLNO0128, the GSK3 signaling axis circumvents
mTOR inhibition of glycolysis in LSCC, leading to increased glutaminase expression and a
metabolic switch to glutamine to fuel the Krebs cycle(9). This adaptive glutaminolytic
switch is potentially actionable via dual inhibition of glycolysis with MLN0128
(sapanisertib) and glutaminolysis with CB-839.

NRF2 pathway aberrant LUAD may also be particularly sensitive to dual mMTOR and
glutaminase inhibition. For example, KEAPI loss in a KRAS-driven lung cancer model
leads to hyperactive NRF2 signaling and resistance to multiple oxidative stress agents with
these tumors preferentially sensitive to glutaminase inhibition with CB-839(10). KRAS
mutant S7TK11 and KEAPI/NFEZL2 mutant lung cancers exhibited enhanced glutamine
dependence with /77 vivo inhibition of tumor growth when treated with CB-839 compared to
KRAS models without STK11 or KEAPI co-mutations(11). This phase 1 study was initiated
to determine the safety, tolerability and preliminary efficacy of sapanisertib and CB-839 in
NSCLC with a focus on NRF2 hyperactive subsets of LSCC and KRAS mutant LUAD
harboring KEAP1 or NFE2LZ mutations.

Study Design

This is a phase 1/1b trial open to patients with any NSCLC during the dose finding phase,
with expansion cohorts at the recommended phase 2 dose (RP2D) for patients with LSCC
and an additional molecularly selected NSCLC: LSCC harboring 1) NFE2LZor 2) KEAP1
mutations or 3) LUAD harboring KRAS/(KEAPI or NFEZL2) co-alterations, or 4) LSCC
WT for NFE2L2and KEAPI (Figure 1). The expansion cohort will help confirm the
acceptable toxicity/tolerability of the recommended expansion dose (RED) and provide a
preliminary assessment of the efficacy of the combination in selected LSCC and KRAS
mutant NSCLC patient populations. Acceptable molecular testing platforms include:
Foundation CDx, Foundation ACT, Guardant 360 and MSK-IMPACT. Plasma circulating
tumor (ct)DNA performed by Foundation ACT or Guardant 360 will only be accepted if a
positive test.

The dose escalation portion will use the queue-based variation of the 3+3 dose escalation
scheme (1Q 3+3) which restricts patients’ risk to the limits found in the traditional 3+3
design while allowing for additional accruals to reduce study duration

All toxicities will be graded using NCI CTCAE Version 5.0. The occurrence of any of the
following toxicities during Cycle 1 will be considered a DLT, if judged by the investigator to
be possibly, probably or definitely related to study drug administration:

. > Grade 3 clinically significant non-hematological toxicity despite adequate
treatment, excluding:

Reversible grade 2 nausea/vomiting/diarrhea, or readily reversible grade 3
metabolic/electrolyte lab values
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Grade 3 hyperglycemia lasting <14 days (all patients should receive optimal
antiglycemic treatment, including insulin, as clinically indicated)

Grade 3 rash lasting <3 days (all patients should receive topical steroid treatment,
oral antihistamines, and oral steroids, if necessary).

Inadequately treated grade 3 nausea and/or vomiting and grade 3 diarrhea (all
patients should receive optimal antiemetic and/or antidiarrheal prophylaxis
and/or treatment).

Febrile neutropenia; grade 4 anemia; thrombocytopenia, or thrombocytopenic
bleeding

Delay in starting cycle 2 of =14 days due to toxicity related to one or more
protocol drugs

Dose intensity in cycles beyond cycle 1 will be considered in the assessment of
the RP2D

To be evaluable for a DLT, 80% of doses must have been administered in cycle 1
unless a DLT occurred.

Dose escalation - patients must have Stage IV or recurrent/metastatic NSCLC
and have progressed on or after platinum-based chemotherapy and/or PD-(L)1
immune checkpoint inhibitor.

Dose expansion - patients must have Stage IV or recurrent/metastatic NSCLC
harboring 1) NFEZL 2 mutations (LSCC); 2) KEAPI mutations (LSCC); KRAS/
KEAPI or KRAS/NFEZL 2 co-mutations (non-squamous NSCLC); or 3) LSCC
WT for NFEZL2 or KEAPI who have progressed on or after platinum-based
chemotherapy and/or PD-(L)1 immune checkpoint inhibitors or immunotherapy.

ECOG performance status 0-2
Measurable disease by RECIST 1.1.
Adequate organ function

Fasting blood glucose (FBS) <130 and HGBA1C < 8.0% and fasting
triglycerides < 300 mg/dL.

Imaging assessment will be performed every 2 cycles (about every 8 weeks) with response
assessment by RECIST 1.1.

The primary endpoint in dose escalation is to determine the maximum tolerated dose//RP2D
of MLNO0128 (sapanisertib) and CB-839 HCI (telaglenastat) in combination against
advanced NSCLC.

The primary endpoints in dose expansion are to determine the preliminary efficacy of
MLNO0128 (sapanisertib) and CB-839 HCI (telaglenastat) in select genotypic and histologic
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cohorts of advanced NSCLC (NFEZLZ2LSCC; KEAPI LSCC; NSCLC KRAS/KEAPI or,
KRAS/NFEZL2 non-squamous NSCLC and LSCC negative for NFE2LZ2 or KEAP1
mutations).

Study Assessments

Associated correlative studies include broad genomic profiling by tissue and plasma. Plasma
amino acid metabolite and pharmacokinetic profiling, intratumoral metabolic signaling
profiling by IHC and RPPA and paired 18F-Glutamine positron emission tomography (PET)
(*8F-GIn) and 18FDG-PET analyses at MSKCCC and UC Davis to image glucose and
glutamine metabolism in response to dual inhibition of glycolysis and glutaminolysis with
sapanisertib and CB-839, respectively. 18F-FDG is a glucose analog that enters the cell
where it is phosphorylated become 18F-FDG-6 phosphate. After a reasonable uptake period,
18F concentration as measured by PET then becomes a semi-quantitative marker of glucose
metabolism(12) (12). 18F-GIn enters the cell via ASCT2 and other transporters where it may
be converted to 18F-fluoroglutamate, a process which is catalyzed by glutaminase and which
is the rate-limiting step for glutaminolysis. 18F-Gln uptake has been shown to be enhanced
in glutamine-avid tumors (13). Total-body dynamic PET imaging (14), will enable fully
quantitative analysis of glucose utilization (for 18F-FDG) and glutamine transport and
conversion to glutamate (for 18F-Gln) for all lesions.

Statistical Analysis

Response rate will be calculated for each cohort along with an exact 95% confidence
interval. With 14 patients in each genotype cohort, if the true response is 20%, there is less
than a 5% chance that no responders would be observed, and the response can be estimated
with a standard error of 13% or less.

Discussion

Lung cancers characterized by hyperactivation of NRF2 and consequently, glycolysis
currently lack effective treatment options. To date, there are no approved targeted therapies
for LSCC and KRAS-mutant LUAD. NRF2 hyperactive subsets of LSCC and KRAS-mutant
LUAD represent a substantial subset of these lung cancers (25-30%). This phase 1/1b trial
will determine the recommended expansion dose of a promising new treatment option
utilizing an mTOR inhibitor, MLN0128 in combination with the glutaminase inhibitor,
CB-839. Expansion cohorts at the RP2D for patients with LSCC and additional molecularly
selected lung cancers will examine preliminary clinical activity in these select histologic and
molecular subsets that we anticipate will preferentially benefit from dual inhibition of
glycolysis and glutaminolysis. Broad genomic profiling using tissue and plasma, plasma
amino acid metabolite and pharmacokinetic profiling, and intratumoral metabolic profiling
will interrogate additional factors beyond NFEZL2and KEAPI mutations that may underlie
clinical activity of the combination. 28F-GLN and 18FDG-PET analyses will non-invasively
explore changes in glucose and glutamine metabolism in response to dual inhibition of
glycolysis and glutaminolysis.
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Conclusion

This study will determine the RP2D of MLN0128 and CB-839 combination therapy.
Expansion cohorts will examine preliminary efficacy in LSCC in NRF2 hyperactive lung
cancers with either NFEZL2 or KEAPI mutations or in KRAS-mutant LUAD and LSCC. A
LSCC cohort WT for NFE2LZ2and KEAPI mutations will also be assessed to examine
preliminary efficacy in these hypermetabolic tumors, as additional preclinical data suggest
that targeting glucose and glutamine metabolism with MLN0128 and CB-839 might be
operant in other LSCC context identifiable through assessment of the GSK3 and GLS
pathways(9). If preliminary activity is established at the RP2D, we plan future larger studies
focused on NRF2 pathway aberrant molecular and histologic subsets that may underlie
preferential activity of the combination.
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Cohort A: LSCC harboring NFE2L2
mutations
(N=14)

Cohort B: LSCC harboring KEAP1
mutations
(N=14)

Stage IV NSCLC
PD on or after platinum and/or
PD-(L)1

PS 0-2
Cohort C: LUAD harboring KRAS mutation
with KEAP1 or NFE2L2 mutations
(N=14)

Dose escalation to
Recommended Expansion Dose

Cohort D: LSCC negative for
NFE2L2/KEAP1
(N=14)

Figure 1:
Trial Schema of A Phase 1 Trial of MLNO0128 (sapanisertib) and CB-839 HCI (telaglenastat)

in Advanced NSCLC Patients (NCI 10327)
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