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Background: Patients with metastatic pancreatic ductal adenocarcinoma (PDAC) have poor 5-year survival.
Pharmacological ascorbate (P-AscH’, high dose, intravenous, vitamin C) has shown promise as an adjunct to
chemotherapy. We hypothesized adding P-AscH™ to gemcitabine and nab-paclitaxel would increase survival in
patients with metastatic PDAC.

Methods: Patients diagnosed with stage IV pancreatic cancer randomized 1:1 to gemcitabine and nab-paclitaxel
only (SOC, control) or to SOC with concomitant P-AscH™, 75 g three times weekly (ASC, investigational). The
primary outcome was overall survival with secondary objectives of determining progression-free survival and
adverse event incidence. Quality of life and patient reported outcomes for common oncologic symptoms were
captured as an exploratory objective. Thirty-six participants were randomized; of this 34 received their assigned
study treatment. All analyses were based on data frozen on December 11, 2023.

Results: Intravenous P-AscH™ increased serum ascorbate levels from micromolar to millimolar levels. P-AscH
added to the gemcitabine + nab-paclitaxel (ASC) increased overall survival to 16 months compared to 8.3 months
with gemcitabine + nab-paclitaxel (SOC) (HR = 0.46; 90 % CI 0.23, 0.92; p = 0.030). Median progression free
survival was 6.2 (ASC) vs. 3.9 months (SOC) (HR = 0.43; 90 % CI 0.20, 0.92; p = 0.029). Adding P-AscH" did not
negatively impact quality of life or increase the frequency or severity of adverse events.

Conclusions: P-AscH™ infusions of 75 g three times weekly in patients with metastatic pancreatic cancer prolongs
overall and progression free survival without detriment to quality of life or added toxicity (ClinicalTrials.gov
number NCT02905578).

1. Background

Pancreatic ductal adenocarcinoma (PDAC) is the 3rd leading cause of
cancer death in the US with increasing 0.5 % per year [1,2]. An esti-
mated 80-85 % of patients have unresectable disease at initial presen-
tation [3]; of those who undergo surgery, about 75 % develop metastatic
disease [4]. The average overall survival (OS) at 5 years is currently 12

%, with an abysmal 3 % for those diagnosed with distant disease [5].
Despite promising results with immunotherapy in other cancers, the
unique characteristics of PDAC engender poor response to immuno-
therapy [4,6,7]. Thus, new treatment paradigms must be identified and
examined for efficacy.

There has been renewed interest in the use of ascorbate (vitamin C)
in cancer treatment. Clinical data demonstrate that when ascorbate is
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given orally, plasma concentrations are tightly controlled at < 100 pM
[8]. In contrast, when administered IV, plasma concentrations as high as
30 mM (pharmacologic ascorbate, P-AscH") are safely achieved with few
side effects [9-13]. Resulting pharmacologic concentrations from IV
infusion distribute rapidly into the extracellular water space, generating
the ascorbate radical and HyO» [14,15]. Thus, P-AscH™, exploits the
foundational differences in redox biology within the cancer cell,
resulting in preferential cell killing [16-18].

Although used as a complementary and alternative medicine for
decades [19], information regarding drug interactions, safety, tolera-
bility, and impact of P-AscH™ on cancer treatment were limited and
anecdotal. In 2011 the FDA deemed IV ascorbate to be a pharmaceutical
agent requiring the same robust oversight as a chemotherapeutic [20].
Two phase I trials were completed, both identifying 75 g of P-AscH™ as
safe when administered concurrently with gemcitabine for the treat-
ment of stage IV PDAC [9,21]. Both trials also suggested a potential
improvement for overall survival (OS) at this dose, identifying 75g as the
recommended phase 2 dose for further trials [9,21]. To further examine
if P-AscH™ improved OS, we conducted a randomized trial in patients
diagnosed with stage IV PDAC who had not yet received gemcitabine
and/or nab-paclitaxel for the treatment of their metastatic disease. This
is the first randomized controlled trial utilizing P-AscH™ to manipulate
the redox metabolism of cancer cells as a strategy to increase OS and
progression free survival (PFS).

2. Methods

Trial Oversight-An investigator-initiated, multisite, unblinded,
randomized controlled trial was overseen, and independently moni-
tored, by the Data and Safety Monitoring Committee (DSMC) of the
Holden Comprehensive Cancer Center at the University of Iowa. The
trial protocol was approved by NIH and each site’s Institutional Review
Board of record (funding was obtained prior to the single-IRB policy).
Trial subjects were enrolled at Medical College of Wisconsin (Milwau-
kee, Wisconsin, USA) and University of Iowa (Iowa City, Iowa, USA). An
investigational new drug application was applied for, and granted by the
U.S. FDA (J. J. Cullen, sponsor-investigator); annual reports were filed
as required.

Sample size. Primary trial endpoint was OS defined as time from
treatment initiation to death from any cause. The trial was designed to
have 80 % power to detect an OS hazard ratio (HR) of 0.625 for standard
of care cohort (SOC: gemcitabine, nab-paclitaxel only) vs. the ascorbate
cohort (ASC: SOC with concomitant P-AscH ™) using a one-sided log-rank
statistical test stratified by study site, assessed for significance at the 0.2
level, and performed after randomizing 31 patients per cohort and
observing a total of 52 deaths. The design also included an interim
analysis to estimate conditional power after half of the target deaths (n
= 26) had been observed and to stop the trial for futility if the estimated
power was less than 25 %. Conditional power is the probability that the
treatment effect will be statistically significant at the end of the study,
given the hypothesized hazard ratio of 0.625 and the observed interim
data [22,23]. Bayesian predictive power was additionally calculated at
the interim as conditional power averaged over the posterior distribu-
tion of the log-hazard ratio. It can be interpreted as the expected pre-
dictive probability that the treatment effect would be significant at study
end, given the uncertainty in the hazard ratio and the observed interim
data [22,24].

Patients-Individuals with pathologically confirmed stage IV PDAC
recommended to receive gemcitabine and nab-paclitaxel were screened
for eligibility. Thus, those eligible for targeted therapy were not
considered for this trial. Additional key criteria included measurable
disease as per RECIST 1.1 [25], platelet count of at least 100,000
cells/mm? and creatinine of <1.5x the institutional limit of normal or a
creatinine clearance of at least 60 mL/min. Potential participants were
required to provide independent consent and have an ECOG perfor-
mance status of 0, 1, or 2 at screening. Patients were excluded from
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consideration if they had prior chemotherapy to treat their metastatic
disease or had glucose-6-phosphatase dehydrogenase (G6PD) defi-
ciency, Patients receiving insulin, or who were prescribed to check blood
glucose with fingerstick assessments, were enrolled only with the
approval of the principal investigator and DSMC due to an interaction
between high concentrations of ascorbate with fingerstick glucometers.
Detailed eligibility criteria are provided in the protocol and at ClinicalT
rials.gov (NCT02905578) [26].

Trial Procedures-A two step enrollment process was employed due
to the protracted result time for G6PD testing. Participants initiated
gemcitabine/nab-paclitaxel when step 1 eligibility was confirmed, while
step 2 confirmed G6PD status and then participants were 1:1 random-
ized (SOC vs ASC). Randomization was performed by the investigational
pharmacy under the direction of the statistician, utilizing block-
randomization with a block size of four patients and stratified by the
study site.

All participants received IV gemcitabine and nab-paclitaxel weekly
for three weeks of a four week cycle. Participants randomized to ASC
received the same gemcitabine and nab-paclitaxel regimen in addition to
P-AscH™ (75 g, IV) three times weekly during all weeks of the cycle. Dose
adjustments to P-AscH™ were not allowed. Due to the fact that the cur-
rent study involved stage IV pancreatic cancer patients, the diagnosis
was made with needle biopsies or brushings yielding only enough ma-
terial for diagnosis and not enough tissue to measure any redox pa-
rameters. Hematologic indices were required weekly with a
comprehensive metabolic panel drawn prior to the start of each cycle.
The EORTC QLQ-C30 was administered at the start of each cycle. Im-
aging was conducted every two cycles for response assessment; treat-
ment response, based upon RECIST v1.1 principles, was conducted by
American College of Radiology board-certified radiation oncologists
specializing in PDAC and blinded to treatment assignment. Treatment
continued until disease progression (clinical or radiographic), death,
patient withdrawal, or unacceptable toxicity. Due to the 2-step eligi-
bility process, participants were followed for adverse events from the
first dose of any therapy (gemcitabine, nab-paclitaxel, or P-AscH™)
through 30 days after the last infusion of P-AscH" and then followed for
OS. Adverse events were graded using the Common Terminology
Criteria for Adverse Events (CTCAE) version 4.03 [27]. All serious
adverse events were independently reviewed by the assigned DSMC
medical monitor at occurrence and re-reviewed in aggregate no less than
yearly. Medical records were reviewed at monitoring to confirm adverse
events were collected and reported appropriately. This trial was opened
to accrual on November 2, 2018, and closed to accrual on September 8,
2023.

Outcomes-The primary outcome was OS. Secondary objectives
included evaluating the impact on progression-free survival (PFS) as
well as further categorizing the adverse event profile of the P-AscH™,
gemcitabine, and nab-paclitaxel regimen. Quality of life (QoL) and pa-
tient reported symptoms were assessed using the EORTC QLQ-C30
version 3 during treatment as an exploratory objective [28]. Partici-
pants completed the QoL questionnaire within 28 days of the first day of
therapy and then at the start of each subsequent cycle. Completion of the
questionnaire was not required at the end-of-treatment visit because
treatment was typically discontinued at the start of a cycle where dis-
cussion of disease progression would confound patient responses.
Quality of life, functionality and symptom burden were scored as per the
EORTC version 3 scoring manual [29]. Patients were excluded from
statistical analysis of a score if their baseline value was missing. Other
missing scores were linearly interpolated from their adjacent
non-missing scores. Less than 1 % of the values for each score were
imputed. For the functional scores and quality of life, minimal clinically
important deterioration was defined as a 10-point decrease; for symp-
tom burden, deterioration was defined as a 10-point increase.

Statistical Analysis-Patient demographics (Table 1, Supplementary
Table S7) were summarized with descriptive statistics according to
treatment arms. OS and PFS were estimated and plotted with the method
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Table 1
Demographic and disease characteristics of randomized participants at baseline.
Characteristic SOC (n = ASC (n =18)
16)
Median age, yr (IQR) 65 (56, 72) 58.5 (54.5,
69)
Female 8 (50.0 %) 6 (33.3 %)

Enrolling Site

University of Iowa 15 (93.8 %) 17 (94.4 %)

Medical College of Wisconsin 1 (6.3 %) 1 (5.6 %)
Race

White 15 (93.8 %) 17 (94.4 %)

Unknown/declined to answer 1(6.3 %) 1 (5.6 %)
Ethnicity

Hispanic or Latinx ethnic group 0 (0.0 %) 0 (0.0 %)
ECOG performance status

0 8 (50.0 %) 5(27.8 %)

1 6 (37.5 %) 11 (61.1 %)

2 2 (12.5 %) 2(11.1 %)

Newly diagnosed with metastatic disease
Number of metastases at study entry

14 (87.5 %) 15 (83.3 %)

1 2 (12.5 %) 2 (11.1 %)
2o0r3 3(18.8 %) 2 (11.1 %)
4o0r5 0 (0.0 %) 2 (11.1 %)
8 3 (18.8 %) 0 (0.0 %)
>10 8 (50.0 %) 12 (66.7 %)
Number of metastatic sites at study entry
1 5(31.3 %) 11 (61.1 %)
2 6 (37.5 %) 1 (5.6 %)
3 3(18.8 %) 5 (27.8 %)
4+ 2 (12.5 %) 1 (5.6 %)
Sites of metastatic involvement
Liver 13 (81.3 %) 14 (77.8 %)
Peritoneal 6 (37.5 %) 3 (16.7 %)
Non-regional adenopathy 6 (37.5 %) 4 (22.2 %)
Lungs 5 (31.3 %) 6 (33.3 %)
Bone 2 (12.5 %) 0 (0 %)
Other” 3(18.8 %) 1 (5.6 %)
Prior radiation therapy” 1 (6.3 %) 1 (5.6 %)
Prior chemotherapy” 2 (12.5 %) 2 (11.1 %)
Prior surgery” 0 (0.0 %) 3 (16.7 %)
Median total gemcitabine dose per participant, mg 14,100 32,713
Median total nab-paclitaxel dose per participant, 1398 3123
mg
Median relative dose intensity, C1 & C2, 87.7 % 95.7 %
gemcitabine
Median relative dose intensity, C1 & C2, nab- 95.6 % 95.6 %
paclitaxel
Mean number of days between clinical visit” 12.48 15.06
Median number of days between clinical visit” 11.18 15.27

@ Granular details regarding metastatic sites and treatment are available in
Supplementary Table S7.

b Any clinical visit within medical oncology, including on-demand, special
complaints, or routine, with a physician or advanced practice provider. Does not
include infusion-only visits.

of Kaplan-Meier. OS was defined as described previously. Patients with
unobserved death dates were censored at the last known dates alive in
the OS analysis. Progression free survival was defined as the time from
treatment initiation to the earlier of RECIST-based disease progression
or death. Participants were censored in the PFS analysis if their follow up
for progression ended prior to death or if neither progression nor death
were observed. Improved survival for ASC vs. SOC treated patients was
assessed with one-sided log-rank tests stratified by study site, and HRs
were computed with stratified Cox regression models. Included in the
supplement is an expanded Cox regression analysis with univariable and
multivariable adjustments for patient characteristics which may have
been unbalanced in the trial randomization and thus potentially
confounded the estimated treatment effect. Survival estimates are re-
ported along with 90 % confidence intervals (CIs) which correspond to
one-sided statistical testing at the 0.05 level.

Times to definitive deterioration (TDD5) in QLQ-C30 domain scores
and global health status were compared between the two treatment arms
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with the survival methods described previously. TDD, was defined as
the time from treatment initiation to the earlier of a minimal clinically
important deterioration that persisted for two cycles or disease pro-
gression occurring within 6 months of the last completed QoL ques-
tionnaire. Patients not experiencing either were treated as censored
observations. Estimated median TDDs are reported along with HRs, 95
% CIs, and two-sided p-values.

3. Results

Participants—At the time of the interim analysis, thirty-six partic-
ipants had been randomized across two academic sites (Fig. 1). Partic-
ipants were considered evaluable for analysis of the primary objective if
one dose of their assigned treatment regimen was received, resulting in
an analysis cohort of 34 participants. Their demographic information is
provided in Table 1. Five participants in the SOC cohort were dis-
continued from treatment prematurely (i.e., ended treatment absent of
progression) due to adverse events whereas none were discontinued in
the ASC cohort.

The interim analysis estimated a conditional power of 97 %, decid-
edly above the futility threshold of 25 %, and a Bayesian predictive
power of 96.5 %. Based on the strong signal of efficacy conveyed by the
large predictive power, independent DSMC review of the interim anal-
ysis results, and their support of a decision to close the trial, the trial was
stopped at the interim analysis and final efficacy analysis was
conducted.

Safety—Adverse events were consistent with the anticipated events
associated with concomitant gemcitabine and nab-paclitaxel therapy
(Table 2 and Supplementary Table S1). The rates of serious adverse
events were lower in the ASC arm and the rate of grade 3 and 4 hema-
tologic events (anemia, neutropenia, thrombocytopenia, and leuko-
penia) was lower in the ASC cohort compared to SOC (1.1 vs. 1.6).

Ascorbate Levels-Ascorbate levels were measured at baseline and at
the end of every 2 cycles using methods published previously [9]. As
seen in Fig. 2, intravenous administration of P-AscH" resulted in a nearly
500-fold increase in plasma ascorbate levels with the average ascorbate
concentration being 16 + 3 mM in the ASC cohort compared to 0.034 +
0.02 mM in the SOC cohort.

Chemotherapy compliance-The ASC cohort had a longer median
treatment time per subject (179 days vs. 94 days), a higher median total
dose of nab-paclitaxel per subject (3123 mg vs. 1398 mg) and a higher
median total dose of gemcitabine per subject (32,713 mg vs. 14,100 mg).
The relative dose intensity (RDI) was calculated as per the literature
[30] and demonstrated the median RDI was higher in the ASC cohort for
gemcitabine (Table 1: ASC 96 % vs. 88 % SOC) and comparable for
nab-paclitaxel (Table 1: ASC 96 % vs 96 % SOC).

Efficacy-In the primary endpoint analysis, the OS HR was 0.46 (90
% CI 0.23, 0.92; p = 0.030) indicating a significant benefit of P-AscH" in
the ASC cohort. Median OS was 16 months (90 % CI 8.6, upper bound
not achieved NA) in the ASC cohort vs 8.3 (90 % CI 5.6, NA) months in
the SOC cohort (Fig. 3A). Median OS of the SOC cohort aligned with the
historic value (8.5 months) that was used to power the study [31]. In
analysis of secondary endpoints, the progression free survival (PFS) HR
was 0.43 (90 % CI 0.20, 0.92; p = 0.029) with a median PFS of 6.2
months (90 % CI 3.9, NA) in the ASC cohort vs. 3.9 months (90 % CI 2.3,
NA) in the SOC cohort (Fig. 3B). The hazard ratios are comparable be-
tween PFS and OS. In Cox regression analysis with univariable adjust-
ments for potential confounders, the OS HR ranged from 0.27 (90 % CI
0.12, 0.59) with gemcitabine RDI adjustment to 0.53 (90 % CI 0.24,
1.14) with age adjustment, whereas the PFS HR ranged from 0.35 (90 %
CI 0.16, 0.77) to 0.49 (0.23, 1.07) with the same adjustments
(Supplementary Table S2). With multivariable regression adjustments,
the HR was 0.31 (90 % CI 0.14, 0.70) for OS and 0.23 (90 % CI 0.09,
0.57) for PFS (Supplementary Table S3). Objective response rate was 23
% for SOC cohort vs. 38 % for ASC.

Subsequent Therapy. Post-study treatments were similar across
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Fig. 1. CONSORT participant flow diagram.

both arms, with the most commonly prescribed regimens being the
NAPOLI regimen and mFOLFIRINOX. Nine subjects transitioned to
hospice immediately (SOC = 5, ASC 4).

Quality of Life-Overall, quality of life (QoL) analysis and interpre-
tation are limited by the small sample size as well as the nature of
quantifying subjective data resulting in participant variation. The QoL
data were analyzed as time to definitive deterioration (TDDj)
(Supplementary Table S4) and did not demonstrate statistical signifi-
cance between the two cohorts for global health status. However, par-
ticipants in the ASC cohort generally had longer TDD; when compared
to the SOC cohort, which is favorable. The ASC cohort took longer to
experience negative impact from insomnia (ASC 6.2 vs. SOC 3.8 months,
HR = 0.43; p = 0.047), constipation (ASC 6.2 vs. SOC 3.8 months, HR =
0.39; p = 0.032), and financial difficulties (ASC 5.4 vs. SOC 3.8 months,
HR = 0.38; p = 0.022).

4. Discussion

First fully described in 1933, vitamin C has been found to play many
roles in biochemical processes based on its ability to act as an enzyme
cofactor and as a donor antioxidant [32]. Vitamin C became an early
unorthodox therapy for cancer treatment, with initial clinical studies
demonstrating increased OS in terminal cancer patients treated with
high-dose ascorbate [33-35]. Subsequent randomized controlled trials
found no benefit in administering ascorbate to cancer patients [36,37].
However, when comparing these divergent results, the initial trials
included both oral and high dose IV ascorbate whereas the latter ran-
domized trials administered only oral ascorbate. The differences

between oral and IV ascorbate bioavailability were then unknown, but
as seen in Fig. 2, the pharmacokinetics of intravenous ascorbate
demonstrate a significant increase in achievable plasma levels compared
to orally administered ascorbate [38,39]. Pre-clinical data suggested a
therapeutic benefit at an ascorbate concentration of >10 mM [9]. Two
phase I clinical trials identified this was achievable in the PDAC patient
population with an infusion of 75 g of ascorbate [9,13]. These same
trials suggested a benefit to adding P-AscH™ to a gemcitabine-based
regimen for PDAC [9,13]. In 1997, Burris and colleagues evaluated
gemcitabine against fluorouracil as a first-line therapy for advanced
pancreatic cancer in a randomized clinical trial [40]. Although gemci-
tabine was identified as the superior anti-neoplastic therapy, overall
survival was abysmal in either arm: with a median survival of 5.65
months for gemcitabine and 4.41 months for fluorouracil [40]. In 2011,
Conroy et al. identified FOLFIRINOX as superior over gemcitabine alone
(11.1 months vs. 6.8 months) but at the expense of an increase in the
incidence of adverse events [41]. The phase 1 safety study adding
pharmacologic ascorbate to the Burris gemcitabine regimen suggested
an improvement in OS to 13 months but any inference is significantly
hampered by the sample size [9].

The mechanism of P-AscH -induced toxicity is due to HyO2 which has
been demonstrated by our group and others [8,12-14]. These studies
clearly demonstrate addition of various forms of both extracellular and
intracellular catalase completely reverses P-AscH™-induced cytotoxicity
in a variety of cancer cell lines, while normal cells are resistant. Our
previous studies suggest catalase activity in the tumors may explain
differences in patient responding to high dose ascorbate [15]. Other
investigators have suggested that P-AscH-induced toxicity is due to
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Table 2

Serious adverse events and selected routine grade 3 or 4 adverse events.
Number of participants at risk: SOC (n = 16) ASC (n =18)
Serious Adverse Events”, total (rate) 27 (1.7) 23 (1.2)

Fever

Cholangitis

Sepsis

Atrial Fibrillation
Clostridium Difficile Enteritis
Death, not otherwise specified
Febrile Neutropenia
Pneumonia

Small Intestinal Obstruction
Thrombosis

Vomiting

Abdominal Pain

Bile Duct Stenosis

Biliary Obstruction

Cardiac Arrest

Cather Infection

Colonic Hemorrhage
Diverticulitis, Perforated
Endocarditis Infective
Gastric Obstruction
Hyperkalemia

Hypovolemic Shock
Inguinal Hernia

Lung Infection

Nausea

Platelet Count Decreased
Prolonged Qtc

Transient ischemic attack

OrRrHFRPFHFRFOFRFHFPOFHFOOOONMNKFNFRFNONOONDU

HOOOOOHOOOROOHFHFFEFFOFOFONODNWWW

SOC (n = 16)
4

ASC (n =18)
Selected Grade 3 or 4 Adverse Events®
Neutrophil count decreased

Platelet count decreased

Febrile neutropenia

Anorexia

Constipation

Diarrhea

Fatigue

Nausea

Peripheral sensory neuropathy
Vomiting

Weight loss

Hypertension

Pain®

Infection®

HWHFONONKFNORNRFU W
[=leleNeNoE-NeNeNoR == S |
N R, OFRFOWNNOOH- AW

NOOOOOOOOOOOONSN

1

(=]
(=)}

@ Number (n) of serious adverse events as defined by 21 CFR 312.32.

Y Maximum toxicity experienced per subject.

¢ Granular details are available in the full adverse event listing in the Sup-
plementary Table S1.

_ 257
T 204 .. : . o
2 15 FH 5 3£ +
S 10- . : te . + SOC
b R
] \
? T
< 010+
g i
@ 0.05- .+, d i
s |E 0 ¥
2 4 6 8

Cycle Number

Fig. 2. Plasma levels of ascorbate achieved in subjects over time. In sub-
jects receiving standard of care and ascorbate (ASC), peak ascorbate levels post-
infusion were approximately 500-fold higher than in patients receiving stan-
dard of care (SOC).
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KRAS or BRAF mutations and possibly GLUT1 status [42]. However, our
preclinical studies have demonstrated that KRAS or BRAF mutations
have no influence in the mechanism of P-AscH [14].

Per NCCN guidelines, category 1 recommendations for metastatic
PDAC are either fluorouracil (5-FU), leucovorin, irinotecan and oxali-
platin (FOLFIRINOX) regimen, established by the PRODIGE 4/ACCORD
11 clinical trial or gemcitabine combined with nab-paclitaxel, estab-
lished by the MPACT trial [31,41]. The PRODIGE 4/ACCORD 11 clinical
trial reported significant toxicity with the FOLFIRINOX regimen with
increases in grade 3 and 4 events compared to its gemcitabine-only arm:
neutropenia (45.7 % vs. 21.0 %), febrile neutropenia (5.4 % vs. 1.2 %)
and thrombocytopenia (9.1 % vs. 3.6 %). The incidence of grade 3 and 4
events for the MPACT trial’s gemcitabine and nab-paclitaxel cohort was
38 % for neutropenia, 3 % for febrile neutropenia, and 13 % for
thrombocytopenia [31].

Subjects who received P-AscH™ had a reduction in chemotherapy-
related toxicities which has been seen in other P-AscH™ clinical studies
[9,10,13,43]. This study’s investigational ASC cohort had a reduction in
chemotherapy-related toxicities compared to the SOC cohort: neu-
tropenia (33.3 % vs. 62.5 %), febrile neutropenia (0 %-12.5 %), and
thrombocytopenia (5.6 % vs.12.5 %) (Table 2). This study utilized a
study-specific dose-reduction table designed by the study’s medical
oncologists (Supplementary Table S5). The differences in dose reduction
strategies of the cytotoxic regimen could explain the differences in these
toxicities for the gemcitabine and nab-paclitaxel regimens. Days be-
tween clinic visits are similar (Table 1), negating concern for additional
medical oversight during therapy.

The relative dose intensity for the first two cycles of therapy is higher
in the ASC cohort (Table 1). Doses were held 9 times for SOC cohort
(cycle 1 =4, cycle 2 = 5) and 3 times for ASC cohort (cycle 1 =2, cycle 2
= 1). Independent monitoring confirmed protocol-dictated dose modi-
fications and holds were applied as required per protocol
(Supplementary Table S5). This could be due to ascorbate increasing
tolerability of chemotherapy. However, this inference may be hampered
by the small sample size.

Although the chemotherapy regimens were intended to be admin-
istered for 6 cycles in the PRODIGE 4/ACCORD 11 trial, the reported
median PFS was 6.4 months for the FOLFRINOX group and 3.3 months
for the gemcitabine-only group. In our current study, PFS was 3.9
months in the SOC cohort and 6.2 months in the ASC cohort. Another
promising result is that the anticipated level of grade 3 and 4 hemato-
logic toxicities was not realized, although the sample size is small. The
observed PFS of 3.9 months for the SOC cohort was shorter compared to
the MPACT clinical trial, which established the gemcitabine and nab-
paclitaxel regimen, but the observed OS of 8.3 months for the SOC
cohort did align [31]. In addition, hazard ratios are not disproportionate
between PFS and OS. The improvement in OS is consistent with single
cohort trials investigating ascorbate in PDAC and is now demonstrated
in our current, randomized trial [9,13,44].

The dosing for nab-paclitaxel utilized in this study was 125 mg/m?,
infused over 30-40 min during weeks 1, 2, and 3 of the 4 week cycle as
per the MPACT trial, which reported a combined incidence of grade 3
and 4 nab-paclitaxel-induced peripheral neuropathy of 17 % [31]. In
comparison, this study did not have any grade 4 nab-paclitaxel-induced
peripheral neuropathy and had an incidence of only 5.5 % grade 3
nab-paclitaxel-induced peripheral neuropathy in the ASC cohort and 0 %
in the SOC cohort. Risks for developing peripheral neuropathy include a
cumulative dose of 1400 mg/m? of paclitaxel, with up to 60 % of these
patients having the toxicity transition to a chronic condition [45]. The
overall cumulative nab-paclitaxel dose was 967 mg/m? for the SOC
cohort and 1944 mg/m? for the ASC cohort, well above the increased
risk threshold, with less than expected toxicity.

Despite the total dose of paclitaxel and the prolonged periods of
administration, there was a delay in time to deterioration when using
QLQ-C30. Although exploratory and limited by sample size, these data
provide insight into the participant’s experience during treatment.
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Fig. 3. Kaplan-Meier estimates and 90 % confidence intervals for (A) overall survival and (B) progression free survival in the treatment arms. The investigational
cohort (ASC) demonstrated statistically significant increases in overall survival (median: 16 months ASC vs. 8.3 months SOC; p = 0.030) and progression free survival

(median: 6.2 months ASC vs. 3.9 months SOC; p = 0.029).

Participants in the ASC cohort did not experience a decrease in the time
to deterioration; rather, hazard ratios suggest a delay in deterioration in
functionality, experienced symptoms, and overall quality of life
(Supplementary Tables S4 and S6, Supplementary Figs. S1 and S2).
Areas of interest for future focus include further evaluating the domains
of physical function and pain symptomology, which demonstrated a
promising, yet not significant, improvement in the ASC cohort. Data
from the QLQ-C30, combined with the frequency and severity of treat-
ment emergent adverse events, suggest increased chemotherapy toler-
ance in the ASC investigational arm may contribute to the improved OS
and PFS.

This phase 2 randomized trial of P-AscH indicates a benefit in both
OS as well as quality of life for patients with advanced PDAC. This
benefit is tempered by the time investiture necessary for treatment.
Treatment is three times weekly with a 2 h infusion; this does not include
travel time or time spent in the waiting room.

In conclusion, this randomized trial demonstrated adding P-AscH™ to
gemcitabine and nab-paclitaxel yielded increased OS and PFS without
the added hematologic toxicity [31,41]. Quality of life as assessed by the
EORTC QLQ-C30 remained consistent between arms, without an
apparent treatment associated degradation (Supplementary Table S4)
[41]. Although limited by small sample size and a lack of diversity
(Supplementary Table S8), this randomized, actively controlled trial
provides key data regarding effect size to design a phase 3 trial to assess
effectiveness of P-AscHwith metastatic PDAC as well as its generaliz-
ability to a larger population. Additionally, it provides data suggesting
P-AscH™ increasing the tolerability of cytotoxic chemotherapy.
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