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ARTICLE INFO ABSTRACT

Keywords: Purpose: Platinum-based chemotherapy with or without immunotherapy is the mainstay of treatment for
Non-small cell advanced stage non-small cell lung cancer (NSCLC) lacking a molecular driver alteration. Pre-clinical studies
Ascorbate

have reported that pharmacological ascorbate (P-AscH-) enhances NSCLC response to platinum-based therapy.
We conducted a phase II clinical trial combining P-AscH- with carboplatin-paclitaxel chemotherapy.
Experimental design: Chemotherapy naive advanced stage NSCLC patients received 75 g ascorbate twice per week
intravenously with carboplatin and paclitaxel every three weeks for four cycles. The primary endpoint was to
improve tumor response per Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 compared to the his-
torical control of 20%. The trial was conducted as an optimal Simon’s two-stage design. Blood samples were
collected for exploratory analyses.

Results: The study enrolled 38 patients and met its primary endpoint with an objective response rate of 34.2% (p
= 0.03). All were confirmed partial responses (cPR). The disease control rate was 84.2% (stable disease + cPR).
Median progression-free and overall survival were 5.7 months and 12.8 months, respectively. Treatment-related
adverse events (TRAE) included one grade 5 (neutropenic fever) and five grade 4 events (cytopenias). Cytokine
and chemokine data suggest that the combination elicits an immune response. Immunophenotyping of peripheral
blood mononuclear cells demonstrated an increase in effector CD8 T-cells in patients with a progression-free
survival (PFS) > 6 months.

Conclusions: The addition of P-AscH- to platinum-based chemotherapy improved tumor response in advanced
stage NSCLC. P-AscH- appears to alter the host immune response and needs further investigation as a potential
adjuvant to immunotherapy.

Vitamin C
Platinum

1. Introduction States, accounting for more deaths annually than breast, prostate, and
colorectal cancers combined. Non-small cell lung cancer (NSCLC)
Lung cancer is the leading cause of cancer-related death in the United comprises 85% of new lung cancer cases. Unfortunately, most patients
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are diagnosed with advanced disease [1]. Immunotherapy with or
without a platinum-based doublet chemotherapy is considered a stan-
dard first-line treatment for most patients with advanced stage NSCLC
lacking a molecular driver alteration [2-5]. The benefit of anti pro-
grammed death-1 (PD-1) or programmed death ligand 1 (PD-L1)
immunotherapy in advanced stage NSCLC correlates with PD-L1
expression on the tumor. Platinum-based chemotherapy therefore is
the mainstay of treatment or the backbone of combination therapies for
NSCLC patients lacking PD-L1 expression [3-5]. Unfortunately, these
patients often have poor outcomes, leaving a significant need to develop
more effective and safe therapies.

Pharmacological ascorbate (P-AscH’, intravenous infusions resulting
in millimolar concenteraion of ascorbate in plasma) is a potential
adjunct to chemotherapy [6-8]. P-AscH™ is selectively toxic to NSCLC
and relatively innocuous to non-malignant cells [9]. P-AscH s selective
cancer cell toxicity is due to fundamental differences in oxidative
metabolism; more specifically, iron metabolism between malignant and
non-malignant cells [9,10]. Malignant cells have increased steady-state
levels of reactive oxygen species (e.g., superoxide [03], hydrogen
peroxide [H20,]), which can react with iron-containing proteins (e.g,
iron-sulfur cluster proteins and ferritin) to release redox active iron. In
the presence of P-AscH’, redox active ferric iron is reduced to ferrous
iron, leading to the formation of HoO5. H2O5 can be directly toxic to cells
by oxidizing critical biomolecules or reacting with Fe2" to produce hy-
droxyl radicals (HOe) via Fenton chemistry. HOe can damage proteins,
lipids, and DNA, leading to platinum-chemotherapy sensitization.
Non-malignant cells have lower endogenous levels of redox active iron,
Hy0,, and O3, leading to less HyO, generated following P-AscH"
treatment.

Pre-clinical in vitro and in vivo studies have shown that P-AscH
sensitizes a variety of solid tumors to chemotherapy and radiation [9]. In
early phase clinical trials P-AscH™ has been evaluated with concurrent
temozolamide and radiation in patients with glioblastoma, with gem-
citabine in locally advanced stage pancreatic cancer, and with
carboplatin-paclitaxel in ovarian cancers. No dose-limiting toxicities
were observed in these trials [11-13]. Treatment-related adverse events
(TRAE) were similar to the expected toxicity profile associated with
standard anti-cancer therapies alone. Moreover, in these early phase,
single arm studies subject outcomes were superior to historical controls.

Based on its ability to enhance the cytotoxic effects of chemotherapy
and the safety profile, P-AscH™ is a promising adjunct therapy to plat-
inum chemotherapy in patients with advanced NSCLC. This phase II trial
explored the efficacy and safety of the combination of P-AscH with
carboplatin and paclitaxel in chemotherapy-naive patients with
advanced-stage NSCLC (NCT02420314).

2. Materials and methods
2.1. Patient selection

This open-label, single-arm, non-randomized phase II study, enrolled
patients aged 18 years or older with pathologically-confirmed recurrent
or stage IV NSCLC who had not received prior systemic therapy for
advanced stage disease. Additional criteria for recruitment included an
Eastern Cooperative Oncology Group performance status (ECOG PS) of
0-2, measurable disease per Response Evaluation Criteria in Solid Tu-
mors (RECIST) v1.1, and adequate hematologic, hepatic, and renal
function. Patients with a known alteration in EGFR or ALK were allowed
to enroll after progression on an approved tyrosine kinase inhibitor.
Patients with treated brain metastases were also allowed to participate.
Exclusion criteria included the presence of active hemoptysis, lep-
tomeningeal disease, or glucose-6-phosphate-dehydrogenase deficiency.
In December 2016, the protocol was modified to allow patients with PD-
L1 tumor proportion score (TPS) >50% to enroll in the trial after pro-
gression on immunotherapy.
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2.2. Treatment

Eligible participants were planned to receive 75 g ascorbate intra-
venously twice per week for 12 weeks in combination with carboplatin
(AUC 6) and paclitaxel (200 mg/mz) every three weeks for 4 cycles.
Chemotherapy dose modifications were allowed for toxicity as per
established standards. Ascorbate infusions were administered at a fixed
dose. After completing four cycles (C) of chemotherapy, patients
without progressive disease could receive maintenance or consolidation
therapy at the discretion of the treating provider.

2.3. Study objectives

The primary objective of the study was tumor response rate per
RECIST v1.1. Tumor assessments were performed after chemotherapy
cycles two and four. Participants who achieved partial or complete
response underwent confirmatory tumor assessment >4 weeks
following the initial imaging demonstrating the response. Patients with
a partial response (PR) or stable disease (SD) were followed for disease
progression (DP) and survival as per standard of care unless they with-
drew consent. Secondary endpoints included progression-free survival
(PFS), progression-free survival 2 (PFS2), overall survival (OS), and
safety. All participants who received P-AscH™ per protocol were included
in the safety analysis. Adverse events (AEs) were graded per Common
Terminology Criteria for Adverse Events (CTCAE) v4.03. After a proto-
col modification, patient-reported outcome measures were added as an
exploratory endpoint and assessed using various Functional Assessment
of Cancer Therapy (FACT) scales and subscales.

2.4. Biomarkers analysis

PD-L1 expression was evaluated by immunohistochemistry with
22C3 (Dako, Carpinteria, CA) or E1L3N (Dako Autostainer Link 48)
assays. Somatic alterations including substitutions, small deletions and
insertions, copy number changes, and microsatellite instability was
performed using Ampliseq-based next generation sequencing (NGS)
with a 213 gene custom panel on a NextSeq 550 (Illumina Inc., San
Diego, CA). Evaluation for gene rearrangements was performed by
testing fusion transcripts using the Comprehensive Thyroid Lung
FusionPlex Panel (Invitae Corp., San Francisco, CA) on a MiSeq (Illu-
mina, Inc.). All testing was performed at the Clinical Laboratory
Improvement Amendments-certified molecular pathology laboratory at
the University of Iowa.

Blood and serum samples were collected at baseline, before each
chemotherapy cycle, and at follow-up (C4d21 + 7d) for exploratory
analysis. Laboratory studies included pre- and post-therapy serum iron,
ferritin, transferrin, transferrin saturation, and total iron binding ca-
pacity (TIBC). Redox-active serum markers, including 4-hydroxy-2-
nonenal (4HNE) modified proteins, 3-nitrotyrosine (3NT), protein
carbonyl, cytokines, and chemokines were also evaluated pre- and post-
therapy. Plasma ascorbate levels were measured once during each
chemotherapy cycle within 15 min of ascorbate infusions. Serum 4HNE,
3NT, and protein carbonyl assays were performed as previously
described [14].

The levels of 38 cytokines and chemokines were determined using
the LEGENDplex Human Cytokine Panel 2, LEGENDplex Human Th
Cytokine Panel, and LEGENDplex Human Proinflammatory Chemokine
Panel 2 (Biolegend, San Diego, CA). Serum samples were thawed and
diluted 2-fold with assay buffer supplied by BioLegend. The multiplex
cytokine assays were then performed in filter plates per manufacturer’s
protocol. The samples were transferred to flat-bottomed 96-well plates
and cytokine levels were determined using a Cytek Aurora flow cy-
tometer (Cytek Biosciences, Fremont, CA).

For immunophenotyping, fresh whole blood samples were lysed
using 1x Vitalyse (CytoMedical Design Group, St. Paul, MN). Cells were
stained for extracellular cell surface markers using antibodies for CD3
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(OKT3; BioLegend), CD4 (RPA-T4; Thermo Fisher, Pittsburgh, PA), CD8
(RPA-T8; Thermo Fisher), CCR7 (G043H7; BioLegend), CD45RA
(HI100; Thermo Fisher), CD38 (HIT2; Thermo Fisher), HLA-DR (L243;
BioLegend), CD127 (A019D5; BioLegend), CD25 (BC96; Thermo
Fisher), CCR4 (L291H4; BioLegend), CD19 (HIB19; Thermo Fisher),
CD20 (2H7; Thermo Fisher), CD14 (61D3; Thermo Fisher), and CD16
(3G8; BioLegend) for 30 min at 4 °C. All cells were fixed with fix/lyse
solution (eBioscience, San Diego, CA) for 10 min at room temperature.
Cells were run on an LSRFortessa (BD Biosciences, San Jose, CA) and
analyzed using FlowJo software (BD Biosciences). Immune cell pop-
ulations were gated as follows: CD4 T cells (CD37CD4%1), CD8 T cells
(CD3*CD8™), activated effector CD4 T cells
(CD3"CD4"CCR7CD45RACD38 HLA-DR ™), activated effector CD8 T
cells (CD37CD8'"CCR7 CD45RATCD38"HLA-DR ™), classical monocytes
(CD37CD19 CD20 HLA-DR'CD147CD167), intermediate monocytes
(CD37CD19 CD20 HLA-DR'CD14"CD16"), non-classical monocytes
(CD37CD19-CD20 HLA-DR*CD147/~CD16%), regulatory T cells
(CD37CD47CD127 CD25+CCR4™).

2.5. Statistical methods

The primary objective of this phase II trial was to evaluate the anti-
tumor activity of P-AscH™ combined with platinum-chemotherapy by
testing the null statistical hypothesis that the best overall response rate is
<20% [15,16] versus the alternative that it is greater. The best overall
response was defined as a confirmed complete or partial response. The
trial was conducted as an optimal Simon’s two-stage design with 80%
power to detect a response rate of 40% with one-sided testing performed
at the 10% level of significance. Sample size calculations required 17
patients to be enrolled in the first stage of the study with termination if
three or fewer responded. Otherwise, an additional 20 patients were to
be evaluated in the second stage. If 11 or more of the total 37 patients
responded, the treatment would be deemed worthy of further
investigation.

The primary statistical analysis focused on the best overall response
rate estimated as a binomial proportion along with a one-sided 90%
confidence interval computed with the methods of Koyama & Chen [17].
Secondary analyses focused on safety, duration of response (DOR), PFS,
0S, and quality of life (QoL). TRAEs were summarized by type and
grade, reporting the most severe grade per patient. DOR was defined as
time from first documentation of response to date of DP. PFS was defined
as time from study treatment initiation to date of first documentation of
DP or death due to any cause. Among participants who progressed and
subsequently initiated second-line therapy, PFS2 was defined as time
from study treatment initiation to date of first documentation of DP after
second-line therapy or death due to any cause. Participants were
censored at date of last radiographic assessment for DP. OS was defined
as time from study treatment initiation to death due to any cause. Par-
ticipants who were still alive were censored at the last date they were
known to be alive. Survival probabilities were estimated and plotted
using Kaplan-Meier. Estimates along with 95% pointwise confidence
intervals (CI) are reported. Changes in participant-reported QoL scores
were calculated from baseline to each subsequent (cycle and day)
assessment time point (C2D1, C3D1, C4D1, C4D15). Mean estimates and
95% CI for QoL changes were derived using linear mixed effects
regression models to account for the longitudinally-correlated nature of
repeated QoL assessments at unequal intervals between visits with a
spatial power correlation structure. Correlative analyses evaluated the
effect of laboratory pretreatment and fold change values with PFS using
Cox regression models. Fold change values were included as
time-dependent covariates. All statistical testing of secondary endpoints
was two-sided and assessed for significance at the 5% level.

2.6. Ethics and oversight

The protocol was submitted to the U.S. Food and Drug
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Administration under Investigational New Drug 105715 and registered
to ClinicalTrials.gov prior to enrollment of the first patient
(NCT02420314). Approval was obtained from The University of lowa
Institutional Review Board (Biomedical IRBO1; IRB 201211713).
Informed written consent was obtained from each participant prior to
receiving protocol-based therapy. The trial was conducted according to
the Belmont Report, the United States Common Rule (45CFR§46), and
the International Council on Harmonisation—Good Clinical Practice as
adopted by U.S. Federal law. All investigators were GCP trained. The
University of lowa Holden Comprehensive Cancer Center Data and
Safety Monitoring Committee (DSMC) reviewed all data for compliance
to protocol and participant safety. Safety and annual reports regarding
this trial were submitted as required (21CFR§312.23, §312.32).

3. Results

Between April 2015 and November 2020, 54 participants consented
and 40 were enrolled in the study. This period included a temporary
recruitment pause for the prespecified interim futility analysis. Data cut-
off was performed on August 31, 2021. Two participants were deemed
unevaluable by the study investigators and University of Iowa DSMC
(withdrawal of consent [n = 1], chemotherapy dose violation [n = 1]).
All participants were included in safety analysis and 38 evaluable par-
ticipants were included in the statistical analyses of the primary and
secondary endpoints (Supplementary Fig. 1).

Demographics and baseline characteristics of participants are shown
in Table 1. The median age was 63 years. Thirteen percent (n = 5) of
participants had an ECOG PS of 2, 94.7% had metastatic disease
including 31.6% with treated brain metastases. Due to insufficient
tumor samples, PD-L1 status could not be assessed for seven partici-
pants. PD-L1 TPS of <1% represented 61.3% (19/31) of participants
while 9.7% had PD-L1 TPS >50%. Of the nine participants who enrolled
in the study after May 2018 (coinciding with the release of KeyNote189
trial data), six had PD-L1 TPS <1%, two received and progressed on
immunotherapy before participation in the study, and one did not have
sufficient tissue for PD-L1 evaluation. Tumor samples from 33 partici-
pants were evaluated for somatic alterations in cancer-related genes.
Molecular data from six participants who received testing through
commercial assays as part of their standard of care (Foundation One
CDx® [n = 3]; Neogenomics® [n = 2]; and CLARIS® [n = 1]) was
included in the analysis of exploratory outcomes. Tumor samples from
the remaining participants (n = 27) were tested at the University of
Iowa. Since different platforms were used for testing, the number of
genes and exonal coverage evaluated differed based on the testing site
(Table 1).

Thirteen of 38 (34.2%) participants achieved PR per RECISTv1.1; all
were confirmed partial responses (cPR). Median duration of response
was six months with a range of 2.8-57.2 months. One participant con-
tinues to have ongoing PR. Nineteen participants (50.0%) had SD while
five (13.2%) developed DP as their best response. One patient died
before an initial response assessment. Depth of response and change in
the sum of target disease are shown in Fig. 1A in relation to participant
and disease characteristics. Fig. 1B shows participants’ disease status
over time.

Median PFS was 5.7 months (95% CI: 4.3-7.0; Fig. 2A). PFS in
relation to PD-L1 TPS is shown in Fig. 2B. Median PFS2 (n = 27) for
patients receiving second-line therapy was 10.7 months (95% CI:
6.7-13.7; Fig. 2C). Median OS was 12.8 months (95% CIL: 8.7-21.7;
Fig. 2D). PFS2 and OS with respect to PD-L1 expression are shown in
Supplementary Fig. 2.

Patients with ECOG PS 2 (n = 5) did poorly, with none having an
objective response. Median PFS and OS for these patients were 3.2 and
5.4 months, respectively (Table 2). PD-L1 TPS was 1-49% for 2 partic-
ipants, <1% for two participants, and tissue was not available for a
remaining patient. Prevalence of STK11 and KEAP/NFE2L2 mutations
was 1/3 (33%) and 1/3 (33%) in participants with ECOG PS 2 compared
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Table 1
Patient demographics and baseline characteristics.
Variable Level n = 38"
Age Median (Min-Max) 63
(45-74)
Gender F 13
(34.2%)
M 25
(65.8%)
Race Asian 2 (5.3%)
White 36
(94.7%)
Ethnicity Hispanic or Latino 1 (2.6%)
Non-Hispanic 37
(97.4%)
Histology Adenocarcinoma 25
(65.8%)
Squamous Cell 13
Carcinoma (34.2%)
ECOG Performance Status 0-1 33
(86.8%)
2 5 (13.2%)
Smoking Status Active 20
(52.6%)
Former 14
(36.8%)
Never 4 (10.5%)
Liver Metastasis Yes 4 (10.5%)
Brain Metastasis Yes 12
(31.6%)
Bone Metastasis Yes 12
(31.6%)
Highest Stage (AJCC 8th) N3 2 (5.3%)
M1la-b 19
(50.0%)
Mlc 17
(44.7%)
PD-L1 TPS (n = 31) <1% 19
(61.3%)
1-49% 9 (29.0%)
>50% 3(9.7%)
KRAS (n = 33) Positive 9 (27.3%)
STK11 (n = 31) Positive 3(9.7%)
KEAP1 (n = 28) Positive 1 (3.6%)
NFE2L2 (n = 28) Positive 2 (7.1%)
Received Immunotherapy prior to No 35
enrollment (92.1%)
Yes 3 (7.9%)
Protocol Defined Cycles Completed 1 2 (5.3%)
2 2 (5.3%)
3 2 (5.3%)
4 32
(84.2%)
Received 2nd Line Therapy No 11
(28.9%)
Yes 27
(71.1%)
Type of 2nd Line Therapy Chemoimmunotherapy 4 (14.8%)
Chemotherapy 5 (18.5%)
Immunotherapy 18
(66.7%)

ECOG, Eastern Cooperative Group; AJCC, American Joint Committee on Cancer;
PD-L1, programmed death-ligand 1; TPS, tumor proportion score.

@ Number of patients assessed for PD-L1 TPS, KRAS, STK11, KEEP1, NFE2L2
status varies.

to 2/29 (6.9%) and 2/25 (8.0%), respectively, in participants with
ECOG PS 0-1 (Fig. 1A).

P-AscH™ -related grade 1-2 adverse events (AEs), which occurred in
>5% of the population included: dry mouth (35.0%), nausea (22.5%),
hyponatremia (15.0%), transient hypertension (tHTN; 10.0%), head-
aches (7.5%), dizziness (7.5%), arthralgia/myalgia (7.5%), chills
(5.0%), anorexia/dysgeusia (5.0%), hypocalcemia (5.0%), hypokalemia
(5.0%), hypomagnesemia (5.0%), hypotension (5.0%), injection site
reaction (5.0%), and sensory neuropathy (5.0%). Grade 3 toxicities
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included tHTN (27.5%), nausea (2.5%), peripheral edema (2.5%), atrial
fibrillation (2.5%), diarrhea (2.5%), and fatigue (2.5%). No grade 4-5 P-
AscH™ related AEs were noted (Supplementary Table 1). Toxicities
attributed to chemotherapy are shown in Supplementary Table 2.

Average post-infusion plasma ascorbate concentration was 17.6 mM.
Exploratory analysis assessing P-AscH™s impact on serum iron bio-
markers, cytokines, chemokines and redox-species were correlated with
PFS (Table 3 and Supplementary Figs. 3 and 4). P-AscH™ caused transient
changes in serum ferritin, iron, and transferrin saturation levels,
whereas transferrin and TIBC were largely unaffected (Supplementary
Fig. 4). Changes during therapy in iron-related biomarkers did not
correlate with outcomes, although higher pretreatment levels of trans-
ferrin and TIBC were associated with decreased risk of progression (p =
0.04 and p = 0.05, respectively, (Table 3)). Pretreatment serum
oxidative-stress markers, including 4HNE modified proteins, 3NT and
protein carbonyl content did not correlate with PFS (Table 3, Supple-
mentary Fig. 4). However, a higher fold changes in protein carbonyl
content from baseline was associated with an increased risk of pro-
gression (HR 2.00, 95% CI:1.18-3.38; p = 0.01). Among the cytokines
and chemokines analyses, higher pre-treatment serum levels of IL-6 (HR
2.15, p < 0.01) and CXCL8 (HR 1.82, p < 0.01) correlated negatively
with PFS.

Immunophenotyping of peripheral blood mononuclear cells (n = 8)
demonstrated a mean fold increase in activated effector CD8 T cells of
4.2 in participants with PFS >6 months (n = 5) compared to 1.6 in pa-
tients with PFS <6 months (n = 3). Changes in activated effector CD4 T
cells, CD8 T cells, Tregs and different monocyte populations are shown
in Supplementary Table 3 and Supplementary Fig. 5.

We assessed patient reported outcomes in 19 participants. Findings
from patient-reported outcomes demonstrate that P-AscH did not
adversely impact QoL. In addition, we did not observe a particular
change in QoL with respect to therapeutic response (Supplementary
Table 4, Supplementary Fig. 6).

4. Discussion

Immunotherapy has transformed the management of patients with
metastatic NSCLC. The standard of care for patients with stage IV NSCLC
is immunotherapy with or without chemotherapy. Despite the changes
in the NSCLC therapeutic landscape, the prognosis of patients lacking
PD-L1 expression (30-35% of all advanced stage NSCLC patients) re-
mains poor. Furthermore, patients who have an initial benefit from
immunotherapy commonly develop acquired resistance to anti-PD1 or
PD-L1 therapies. Finding effective and safe treatments for patients
without PD-L1 expression and for patients who develop resistance to
anti-PD1/PD-L1 therapies are critical unmet needs.

A few decades ago, vitamin C was identified as a potential anti-
cancer therapeutic [18,19]. However, milimolar concentrations of
ascorbate are required for cytotoxic effects which can only be achived by
intravenous administration. To our knowledge, this is the first study to
evaluate the combination of P-AscH™ with platinum-based chemo-
therapy in advanced stage NSCLC.

In this study, we found that the addition of P-AscH" to chemotherapy
significantly improved tumor response rate compare to historical con-
trol. Response rates in participants with advanced stage NSCLC treated
with carboplatin-paclitaxel chemotherapy in large randomized trials has
varied between 15% and 25% [3,16,20-22]. Though the addition
P-AscH™ improved subject outcomes (34% response rate), response rates
in recent trials evaluating the combination of immunotherapy with
platinum-based doublet chemotherapy range from 37.1% to 58.9%
[2-5].. These trials enrolled subjects with an ECOG performance status
of 0-1 and utilized different platinum-based regimens. In these trials,
pemetrexed was prescribed for non-squmaous NSCLC whereas either
paclitaxel or nab-paclitaxel was combined with the platinum agent for
squamous NSCLC except for IMpower150. In IMpower150, the chemo-
therapy regimen was similar to our study (i.e. carboplatin-paclitaxel)
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Fig. 1. Investigator-assessed antitumor activity of
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with atezolizumab; this combination yielded a response rate of 40.6%
with mPFS of 6.9 months. The approval of immunotherapy during study
enrollement period influenced patient recruitment; the majority of
participants in this trial had PD-L1 TPS <1% or enrolled after progres-
sion on first-line immunotherapy. In addition, this study included pa-
tients with ECOG PS 2, who are typically excluded from clinical trials.
Despite these poor prognostic factors, median PFS and OS were
numerically greater in this study than in NSCLC patients receiving
standard of care chemotherapy in recently reported studies [2,4,5].
Moreover, median PFS for patients with PD-L1 TPS <1% in our study
was numerically similar to patients receiving immunotherapy in the
KeyNote189, KeyNote407 and 9LA studies [2,4,5]. The adverse event
profile was similar to those expected from a platinum-containing
chemotherapy doublet. Overall, this study suggests that the combina-
tion of P-AscH and chemotherapy is both effective and safe for the
treatment of advanced NSCLC. However, larger and randomized studies
are required to confirm these findings.

We analyzed the relationship between somatic alterations in KEAP1,
NFE2L2, and STK11 with participant outcomes as these genes are
generally associated with poor clinical outcomes. In addition, these
genes play an important role in cellular redox-biology and metabolism.
We sought to determine whether an increases in oxidative stress
generated by P-AscH™ could overcome the enabling effect of KEAPI and

NFE2L2 mutations in NSCLC. In our study, three of 28 subjects had
KEAP1 or NFE2L2 alterations and a poor outcome (Fig. 1B). While not
powered to detect a difference in survival, our data suggest the addition
of P-AscH to carboplatin-paclitaxel does not provide an additional
benefit. However, two of three subjects with STK11 mutations achieved
a PR and had a longer PFS than the median (Table 2, Fig. 1A).

Redox active metals such as iron have been suggested to be selec-
tively elevated in cancer cells representing a therapeutic target for the
development of novel therapeutics [23]. P-AscH™s selective toxicity to
lung cancer cells depends upon redox active iron pools within the cell [9,
24]. Our group previously demonstrated that resected NSCLC tissue has
increased steady-state level of superoxide [03] and redox-active labile
iron compared to adjacent normal lung tissue. Oxidation of ascorbate
produces H,0; that reacts with the increased labile iron in cancer cells to
mediate Fenton chemistry and cause oxidative damage to cellular
macromolecules (i.e., DNA, protein, lipids). Furthermore, HyO, pro-
duced from ascorbate oxidation selectively increases cancer cell
redox-active iron, partially by disrupting iron-sulfur clusters, further
exacerbating the differences in labile iron pool available for oxidation
reactions that mediate ascorbate toxicity.

The role of systemic iron in pharmacological ascorbate mediated
anti-tumor activity is currently unclear. At natural, dietary plasma levels
(<200 pM), ascorbate stimulates iron absorption via ferroportin
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Fig. 2. Kaplan-Meier analysis of progression-free survival per RECIST version 1.1 A) progression-free survival by PD-L1 TPS. B) Progression-free survival 2. C) and
overall survival (D). CI, confidence interval; PD-L1, programmed death ligand 1.

Table 2
Demographics and disease characteristics in relation to outcomes.

Variable Level N ORR (%) PFS® PFS2%" os*

Age <65 27 10 (37.0) 6.0 (4.3-8.7) 11.1 (7.0-15.3) 15.5 (9.0-39.0)
>65 11 3(27.3) 5.5 (0.5-6.4) 7.3 (2.1-13.6) 7.5 (2.7-21.7)

Gender Female 13 6 (46.2) 5.7 (2.8-7.9) 12.4 (6.2-NR) 21.7 (6.4-NR)
Male 25 7 (28.0) 5.7 (3.6-8.5) 10.0 (6.6-15.1) 11.8 (8.7-17.4)

Histology Adenocarcinoma 25 9 (36.0) 7.8 (5.2-8.9) 12.9 (7.0-40.6) 21.7 (11.6-39.0)
Squamous Cell Carcinoma 13 4 (30.8) 4.4 (2.8-5.5) 7.4 (6.2-11.1) 8.7 (6.3-13.1)

ECOG performance status 0-1 33 13 (39.4) 6.4 (4.9-7.9) 11.1 (8.0-15.1) 13.9 (10.5-29.8)
2 5 0(0) 3.2(1.9-3.6) 6.0 (5.2-7.0) 5.4 (3.2-34.3)

Smoking status Active 20 4 (20.0) 4.0 (2.8-6.4) 8.0 (5.4-10.7) 11.1 (5.4-17.4)
Former 14 6 (42.9) 7.4 (4.4-9.5) 13.7 (6.2-NR) 34.3 (6.4-NR)
Never 4 3(75.0) 5.6 (4.6-9.5) 8.9 (6.6-15.1) 14.6 (7.1-NR)

Liver metastasis No 34 12 (35.3) 5.9 (4.4-7.9) 11.1 (7.4-13.7) 12.8 (8.7-21.7)
Yes 4 1(25.0) 1.6 (1.2-6.8) 6.6 (2.1-NR) 20.3 (2.7-NR)

Brain metastasis No 26 9 (34.6) 6.2 (4.6-7.9) 11.7 (7.4-15.1) 13.5(9.0-34.3)
Yes 12 4(33.3) 3.3(1.2-8.5) 6.2 (2.1-8.1) 9.0 (3.2-29.8)

Bone metastasis No 26 12 (46.2) 6.2 (3.5-7.9) 11.7 (6.7-15.1) 14.7 (9.0-39.0)
Yes 12 1(8.3) 5.2 (2.5-8.7) 7.4 (5.4-15.3) 10.2 (5.4-21.7)

Highest stage (AJCC 8th) N3 2 0(0) 4.0 (3.5-4.4) 8.9 (6.7-11.1) 10.8 (9.0-12.5)
Mla-b 19 11 (57.9) 7.0 (5.5-8.9) 13.6 (8.0-15.3) 21.4 (10.5-39.0)
Mlc 17 2(11.8) 3.6 (1.9-6.8) 7.2 (5.4-42.1) 8.7 (5.4-29.8)

PD-L1 TPS <1 19 7 (36.8) 6.4 (4.9-8.7) 13.7 (6.6-40.6) 13.1 (6.4-36.9)
1-49 9 1(1.1) 3.6 (1.3-6.8) 7.4 (5.4-11.1) 11.8 (5.4-21.7)
>50 3 3(100) 9.5 (7.8-NR) NR NR

KRAS Positive 9 3(33.3) 7.9 (1.9-10.49) 10.0 (5.2-15.1) 34.3 (5.4-NR)
Negative 24 9(37.5) 5.7 (4.4-7.0) 11.1 (6.6-15.3) 12.8 (7.1-21.7)

STK11 Positive 3 2 (66.7) 8.9 (3.6-9.5) 10.2 (5.4-15.1) 11.6 (5.4-NR)
Negative 28 10 (35.7) 5.9 (4.6-7.0) 10.9 (6.6-15.3) 15.5 (7.5-34.3)

KEAPI or NFE2L2 Positive 3 1(33.3) 3.2(1.3-5.5) 6.2 (5.2-6.6) 6.3 (5.4-7.5)
Negative 25 10 (40.0) 6.4 (5.2-8.7) 12.9 (8.0-40.6) 21.7 (11.6-39.0)

PFS, progression-free survival; PFS2, progression-free survival 2; OS, overall survival; ECOG, Eastern Cooperative Group; PD-L1, programmed death ligand 1; TPS,

tumor proportion score.
8 Median (95% CI).

b patients who received second-line treatment (n = 27).
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Table 3

Redox Biology 53 (2022) 102318

Cytokines, chemokines, iron-related biomarkers and redox species in relation to progression free survival.

Pretreatment Only

Fold Change from Pretreatment

Covariate Units” Hazard Ratio 95% CI p-value Units” Hazard Ratio 95% CI p-value
CXCL8 0.05 1.82 1.20 2.74 <.01 0.20 1.01 0.85 1.21 0.88
CXCL10 0.09 1.39 0.96 2.02 0.08 0.41 0.77 0.55 1.08 0.13
CCL11 0.03 0.83 0.58 1.19 0.31 0.25 1.11 0.82 1.50 0.49
CCL17 0.30 1.50 0.93 2.43 0.10 0.56 1.15 0.79 1.66 0.47
CCL2 0.16 0.99 0.67 1.47 0.98 0.25 1.00 0.86 1.16 0.96
CCL5 6.29 1.25 0.85 1.84 0.26 0.42 0.81 0.59 1.13 0.21
CCL3 0.06 1.34 0.85 2.12 0.21 0.28 1.11 0.74 1.69 0.61
CXCL9 0.02 1.15 0.80 1.66 0.45 0.52 0.97 0.66 1.42 0.88
CXCL5 0.15 0.80 0.55 1.16 0.24 0.63 1.00 0.62 1.60 1.00
CCL20 0.02 1.47 0.96 2.24 0.08 2.68 1.33 0.88 2.01 0.18
CXCL1 0.04 1.30 0.86 1.96 0.22 0.30 1.10 0.94 1.29 0.22
CXCL11 0.05 1.25 0.85 1.84 0.26 0.80 1.23 0.76 1.98 0.40
IL-6 0.18 2.15 1.29 3.60 <.01 0.50 1.14 0.91 1.43 0.24
IL-22 0.01 1.08 0.76 1.53 0.68 2.29 1.31 0.40 4.25 0.65
IL-12 0.91 1.06 0.74 1.51 0.76 2.27 1.07 0.34 3.38 0.91
Ferritin 324.01 1.51 0.99 2.29 0.05 1.71 1.00 0.81 1.24 1.00
Iron 36.40 0.90 0.61 1.34 0.61 1.18 1.10 0.70 1.72 0.68
Iron saturation 9.61 0.96 0.65 1.41 0.83 1.01 1.05 0.70 1.56 0.83
Total iron binding capacity 64.00 0.65 0.42 0.99 0.04 0.21 1.11 0.78 1.57 0.56
Transferrin 44.69 0.64 0.42 0.99 0.05 0.21 1.10 0.78 1.57 0.58
Carbonyl 1364.90 1.24 0.86 1.80 0.25 0.25 2.00 1.18 3.38 0.01
4HNE 0.07 0.71 0.47 1.06 0.09 0.37 0.96 0.60 1.55 0.88
3NT 17.32 1.02 0.70 1.49 0.92 1.83 0.99 0.75 1.30 0.94

CI, confidence interval; 4HNE, 4-hydroxy-2-nonenal (4HNE) modified proteins; 3NT, 3-nitrotyrosine.

2 Units reflect 1 SD of pre-treatment values.
b Units reflect 1 SD of C3D1 values.

expression [25] and is cabpable of altering serum iron markers. To
evaluate the effect of P-AscH™ on circulating iron markers, we observed
changes in serum iron, ferritin and transferrin saturation during relative
to baseline values. Increased baseline transferrin and total iron binding
capacity (TIBC) were associated with decreased risk of progression
(Table 3) and this may just reflect the overall intensity of inflammation
in the body. Inflammatory states (e.g. metastatic tumors), in general, are
associated with a lower level of transferrin and TIBC. In contrast, sub-
jects with low tumor burden may have less systemic inflammation with
minimal or no effect on transferrin levels, which may explain this
finding. Further investigation is needed to better understand the rela-
tionship between P-AscH -related changes in serum iron markers and its
influence on malignant cells’ redox active-iron pools.

Both IL-6 and CXCL8 are associated with an increase in myeloid-
derived suppressor and regulatory T cells in the tumor microenviron-
ment, tumor-cell proliferation, tumor invasiveness, decreased antigen
presentation, limited response to ICIL, and poor prognosis [26,27]. Pre-
and on-treatment levels of these cytokines were associated with poor
outcome (Table 3), which may reflect participants’ disease burden as
opposed to an effect of the therapeutic interventions. We did observe
changes in other cytokines and chemokines. However, dissecting
P-AscH -related changes and their significance is challenging (Supple-
mentary Fig. 3). Inmunophenotyping of PBMCs was performed in a
limited number of participants to assess the impact of P-AscH and/or
chemotherapy on the host immune response. Interestingly, participants
with longer PFS demonstrated a higher fold increase in circulating
activated effector CD8 T cells (Supplementary Fig. 5, Supplementary
Table 3), although it is unclear whether this was a direct effect of
therapy or an indirect effect from a change in disease burden. Emerging
data from an ongoing phase II trial in patients with stage III NSCLC trial
that  combines  P-AscH  with  ionizing radiation and
carboplatin-paclitaxel (NCT02905591) suggests that P-AscH™ may have
direct immunomodulatory effects (unpublished results). We continue to
investigate the relevance of these alterations in the distribution of
various immune cell populations within the peripheral blood during
treatment in the ongoing study.

Finally, preclinical studies have shown that P-AscH™ stimulates
dendritic cells to secrete IL-12, drive differentiation of naive CD4 T cells

into Th1 cells, and increases CD8 effector T cells [28,29]. P-AscH™ en-
hances the expression of human endogenous retroviruses (HERVs) via
demethylation, improves immune recognition of tumor cells, increases
intratumoral infiltration of CD8 T cells, increases the cytotoxicity of
immune cells, and acts synergistically with anti-PD1/PDL-1 treatment in
lymphoma, breast, melanoma and colorectal cancer models [30,31].
These anti-cancer immunomodulatory effects of P-AscH are
tumor-agnostic and need further exploration in pre-clinical studies and
early phase clinical trials combining P-AscH™ with immunotherapy +
chemotherapy. The encouraging findings of this study and emerging
data regarding the immunomodulatory role of P-AscH™ are promising
and warrant further investigation.

5. Conclusions

Addition of P-AscH™ to platinum-doublet chemotherapy in advanced
stage NSCLC significantly improved tumor response rate compared to
historical controls. P-AscH™ affects serum iron biomarkers; however, this
did not correlate with clinical outcome. P-AscH" or the combination of P-
AscH™ with chemotherapy elicited an immune response. These findings
are intriguing and need further investigation in future studies.
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