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ABSTRACT

Background: Addressing the therapeutic challenges associated with Kirsten Rat Sarcoma Viral Oncogene Homolog
(KRAS) mutant cancers remains a significant focus in oncology. The combined intravenous administration of the D-isomer of
vitamin C (D-VC) (dextro-rotatory isomer of ascorbic acid) and arsenic trioxide (ATO) is proposed as a potential approach for
achieving an anti-tumor effect in Colorectal cancer (CRC) with KRAS-mutant tumor cells. ATO enhances the oxidative effect
of vitamin C (VC), and the combination of both drugs provides effective eradication of KRAS-mutant cancer cells. A potent
synergistic effect of the VC and ATO combination has been observed about KRAS-mutant cancer cells.

Purpose: This clinical trial aims to assess the tolerability and safety of intravenous administration of D-VC along with
ATO in patients with advanced/metastatic malignancies who have exhausted standard therapy.

Methods and Patients: This single-center Phase I clinical trial evaluated the tolerability and safety of D-VC when admin-
istered intravenously alone or in sequential administration with ATO. The target group for the Phase I exploratory clinical trial
includes 10 patients with advanced/metastatic malignant neoplasms who have exhausted standard therapy.

Results: The administration of the drug followed the treatment regimen according to the ap-proved study protocol. After
a single intravenous infusion of D-VC in escalating doses of 0.05 g/kg - 0.1 g/kg - 0.15 g/kg - 0.3 g/kg all patients felt satis-
factory, and no subjective intolerance to the investigational drug was reported. The main functional and laboratory parame-
ters remained within normal values recorded at the start of the study. The maximum tolerated dose of D-VC was determined
to be 0.3 g/kg, and this dose was chosen as the baseline for the second stage of the study, where D-VC (0.3 g/kg) was admin-

istered alongside ATO (0.15 mg/kg).

Conclusions: Our findings showed favorable safety and well-tolerated profiles and provided the recommended dose for

high-dose D-VC in combination with ATO.
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INTRODUCTION

Colorectal cancer (CRC) is a major cause of cancer-related
deaths worldwide, with more than 150,000 new cases and
50,000 deaths reported annually globally [1,2]. The develop-
ment and progression of CRC are influenced by a combination
of genetic factors, environmental risk factors, and lifestyle
choices. Genetic dysregulation of metabolic enzymes plays a
role in CRC pathogenesis. Notably, genetic mutants, such as
Kirsten Rat Sarcoma Viral Oncogene Homolog (KRAS), have
been found to contribute to global metabolic reprogramming
in CRC [3]. KRAS mutant cancers are highly aggressive and
often associated with poor outcomes. Addressing the thera-
peutic challenges associated with KRAS mutant cancers re-
mains a significant focus in oncology. In this context, the com-
bined intravenous administration of the D-isomer of vitamin C
(D-VC) (dextro-rotatory isomer of ascorbic acid) and arsenic
trioxide is proposed as a potential approach for achieving an
antitumor effect in CRC with KRAS-mutant tumor cells. ATO
enhances the oxidative effect of VC, and the combination of
both drugs provides effective eradication of KRAS-mutant
cancer cells. A potent synergistic effect of the VC and ATO
combination has been observed in relation to KRAS-mutant
cancer cells [4].

The conducted study of the pharmacodynamic effects of
D-VC confirmed the previously suggested hypothesis that
the selective effect in cancer cells may be associated with
increased glucose consumption mediated by significant ex-
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pression of GLUTI - glucose transporter [5]. It is hypothe-
sized that within the body, VC is oxidized to dehydroascorbate
(DHA), which is actively taken up by cancer cells through
GLUT]1 due to its structural similarity to glucose. Inside the
cell, DHA is reduced back to VC through the oxidation of
glutathione (GSH). As a result, significant depletion of DHA
in KRAS mutant cells leads to the development of oxidative
stress [6].

During the investigation of the pharmacodynamic effects
of ATO/D-VC on immunodeficient mice with the AK192 xe-
nograft model and the HCT116 cell line xenograft, it was de-
termined that the combination of oxidizing agents ATO/D-VC
resulted in a reduction in tumor volume compared to the con-
trol (placebo) [4,7]. According to our study, the combination
of ATO and D-VC resulted in a catastrophic oxidative stress
and cell death in KRAS mutant cells under natural conditions.
Our research demonstrated that the combined treatment of
ATO/D-VC more effectively suppressed tumor growth in the
AK192 xenograft model compared to the HCT116 cell line
xenograft (average tumor weight was 3.57 and 3.4 times lower
than the control group, respectively) [4,7].

The antitumor potential of arsenic trioxide (ATO) is
well-established in the treatment of acute pro-myelocytic leu-
kemia. However, its application for solid tumors has been
limited by dose-related toxicity and unfavorable pharmaco-
kinetics.

In a comprehensive study by Subbarayan et al [8], the out-
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comes of clinical trials using ATO, both as a single agent and
in combination settings, in patients with solid tumors were
summarized. The article also explores potential additional
mechanisms by which ATO could serve as a chemosensitizer
in combination therapy [8].

Significantly, ATO enhances the oxidative effects of VC
(vitamin C), and the combination of both drugs demonstrates
efficacy in eliminating KRAS-mutant cancer cells. A remark-
able synergistic effect has been observed with the combina-
tion of VC and ATO against KRAS-mutant cancer cells [9].
While the individual administration of ATO, VC, or D-VC
alone showed weak and partial tumor suppression, the com-
bined treatment of ATO and D-VC exhibited a substantially
more cytotoxic effect on potent KRAS-mutant colorectal can-
cer cells.

Our preclinical studies have established that ATO and
D-VC act synergistically, selectively induce cytotoxic oxida-
tive stress in mutant KRAS cancer cells [4,7]. The synergis-
tic cytotoxic effect induced by the combination of ATO and
D-VC suggests that the high level of oxidative stress in KRAS
mutant cancer cells affects redox-sensitive cellular systems,
including vulnerable mitochondrial oxidative phosphorylation
(OXPHOS) systems. It may occur through a two-step process:
firstly, the high dose of D-VC depletes GSH and inhibits the
anti-oxidant defense of cells and secondly, ATO effectively
targets thiol-reactive groups in cellular proteins, particularly
the mitochondrial OXPHOS complexes. Direct oxidation of
thiol-reactive proteins within the OXPHOS complexes likely
leads to uncontrolled suicidal mitochondrial production of re-
active oxygen species.

Therefore, the proposed combination of drugs can effec-
tively inhibit the growth of KRAS mutant cells by generating
high concentrations of reactive oxygen species, which induce
apoptosis and suppress angiogenesis. It is hypothesized that in
this combination of oxidative agents, D-VC serves as the pri-
mary component, while ATO acts as an auxiliary agent. Arse-
nic trioxide enhances the oxidative stress induced by ascorbic
acid, ultimately leading to targeted cell death of KRAS-mu-
tant cancer cells.

The volume and content of the preclinical research mate-
rials have been deemed sufficient by the National Center for
Drug Expertise of the Republic of Kazakhstan for approval
to proceed with Phase I clinical trials.

The main objectives of present clinical trial are evaluation
of the tolerability and safety of D-isoascorbic acid (D-VC)
through single intravenous administration as monotherapy
and sequential administration with arsenic trioxide (ATO) in
patients with advanced/metastatic malignant neoplasms who
have exhausted standard therapy; as well as an assessment of
the safety and tolerability of D-isoascorbic acid through mul-
tiple intravenous administrations with arsenic trioxide in pa-
tients with advanced/metastatic malignant neoplasms. These
objectives are crucial in establishing the appropriate dosage,
administration schedule, and potential therapeutic benefits
of D-VC and its combination with ATO in patients with ad-
vanced/metastatic malignant neoplasms.

PATIENTS AND METHODS

This protocol has been developed in accordance with the

provisions of the standard protocol: recommendations for in-
terventional trials according to the order of the Minister of
Health of the Republic of Kazakhstan No. QR DSM-248/2020
dated December 11, 2020, «Approval of the Rules for Con-
ducting Clinical Trials of Medicines and Medical Devices,
Clinical Laboratory Tests of Medical Devices for In Vitro Di-
agnostics, and Requirements for Clinical Bases and the Pro-
vision of the State Service for Issuing Permission to Conduct
a Clinical Trial and/or Pharmacological and Medicinal Prod-
uct Testing, Medical Devices» [18].

The study is an exploratory investigation. It is an inter-
ventional study, with Phase 1 focusing on the safety and tol-
erability of the investigational drug D-VC in two groups, first
group — 6 patients and second group — 4 patients considering
a 20% dropout rate.

The clinical research protocol has been submitted and ap-
proved by the local ethical committee of the Kazakh Scien-
tific Research Institute of Oncology and Radiology. Prior to
participation, written informed consent were obtained from
the patients.

Characteristics of the study drug.

D-isoascorbic acid (D-VC) (Nur-may Pharmacy, Almaty,
Kazakhstan)

The drug D-VC (erythorbic acid) is an enantiomer of D
ascorbic acid. To carry out a clinical study, a dosage form of
D-VC was prepared as the main glucose-dependent oxidative
drug for the treatment of colorectal cancer. The pharmaceu-
tical development of the dosage form of D-VC was carried
out, the active pharmaceutical substance (APS) was tested for
compliance with the international pharmacopeias USP 43-NF
38 Erythorbic Acid, and the guaranteed quality preservation
period (shelf life) was determined at 2 years.

The D-VC drug was administered in doses from 0.05 g/kg
to 0.3 g/kg intravenously, diluted with saline.

Arsenic Trioxide (ATO)

ATO Injection 10mg/10mL (GLS PHARMA LIMITED,
New Delhi, India)

ATO is an FDA-approved chemotherapy agent for the
treatment of solid cancers and leukemia.

In our clinical study, it was used as an adjuvant drug to en-
hance oxidative stress caused by D-VC, ultimately leading to
targeted death of KRAS mutant cancer cells.

ATO was administered to patients intravenously at a dose
of 0.15 mg/kg according to the drug instructions.

Study design, participants and setting

The study is being conducted at the Department of Che-
motherapy of the Kazakh Scientific Research Institute of On-
cology and Radiology (KazNIIO&R) since February 2023,
where patients were being enrolled into specific treatment
groups. The target group for the Phase I exploratory clinical
trial includes the minimum number of patients necessary to
make judgements about the safety and tolerability of the in-
vestigational drug D-VC (8-10 patients, considering a 20%
probability of dropouts from the study) with advanced/meta-
static malignant neoplasms who have exhausted standard ther-
apy.

Inclusion Criteria: informed consent to participate in the
study; Patients diagnosed with advanced/metastatic malig-
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Figure 1. Phase I Study Design Scheme

nant neoplasms who have undergone at least 3 lines of stan-
dard therapy, including targeted drugs;

Exclusion Criteria: age below 18 years; pregnancy and
lactation; patients with an auto-immune disease or a medi-
cal diagnosis requiring systemic immunosuppression; decom-
pensated diabetes mellitus; renal insufficiency and urolithia-
sis; diabetes mellitus; thrombophlebitis or a predisposition to
thrombosis; severe lung disease, dyspnea at rest, pleural ef-
fusion; cardiovascular insufficiency, left ventricular ejection
fraction <40%; grade 1 sensory neuropathy of any etiology;
uncontrolled infections.

All enrolled patients were undergoing laboratory tests
(complete blood count, urine analysis, biochemical analyses
including albumin, creatinine, protein, glucose, ALT, AST, bil-
irubin, ketones, microelements: potassium, magnesium, so-
dium, serum calcium, activated partial thromboplastin time,
prothrombin time) and diagnostic investigations (ultrasound
of the kidneys and heart, ECG, echocardiography, CT of the
liver, lungs, abdominal cavity).
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Stages of the study and treatment regimen.

The clinical study was conducted sequentially in two
stages. Patients who meet the inclusion criteria were sequen-
tially enrolled in the 1st and 2nd groups (Figure 1).

Abbreviations: D-VC, D-isoascorbic acid; ATO, arsenic
trioxide; LDH, Lactate Dehydrogenase; APTT, Activated Par-
tial Thromboplastin Time; ALT, Alanine transaminase; AST,
Aspartate Transferase; ECG, electrocardiogram; ECH, Echo-
cardiogram; CT, Computer tomography

Stage 1: Patients (n = 6) received a single intravenous ad-
ministration of D-VC as a solution for intravenous infusions
at a dose of 0.05 g/kg/day (at least 6 patients), followed by a
3-day washout period. If the tolerability and safety were sat-
isfactory, the administration of D-VC was increased to a dose
of 0.1 g/kg/day, followed by another 3-day washout period.
Likewise, the dose of D-VC was increased to 0.15 g/kg/day,
and further to the maximum tolerated dose of 0.3 g/kg/day,
with a mandatory washout period. After the completion of
Stage 1, an intermediate analysis of the safety and tolerabil-
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ity of D-VC were conducted. Based on the satisfactory tolera-
bility and safety of D-VC (as determined by the intermediate
analysis results of Stage 1), the decision to proceed to Stage 2
was made by the investigator in consultation with the sponsor.

Stage 2: Patients (n = 4) received a single intravenous ad-
ministration of D-VC as a solution for intravenous infusions
at a dose of 0.05 g/kg, 2 hours after a single intravenous ad-
ministration of arsenic trioxide (ATO) at a dose of 0.15 mg/
kg. This will be followed by a 3-day washout period. As in
the first stage, if tolerability and safety were satisfactory, the
dose of D-VC was increased at a dose of 0.1 g/kg, 0.15 g/kg
and 0.3 g/kg, observing a washout period. The dose of ATO
did not change and was 0.15 mg/kg.

Based on the analysis of tolerability and safety, a deci-
sion was made regarding the dose selection (maximum toler-
ated dose of D-VC in combination with ATO) for the multi-
ple ad-ministrations in Phase II.

Data safety and monitoring

The safety of the investigational drug is assessed as a med-
ical risk for the subject in the clinical study through labora-
tory tests (including clinical biochemistry and hematology),
vital signs assessment, monitoring of adverse events (diseases,
symptoms, and complaints), and other specific safety tests
(e.g., electrocardiogram, ophthalmological examination).

Patients were closely monitored on a continuous basis
during the dose escalation phase of the study. Bayesian rule
was used for toxicity control (calculating the probability that
a toxic effect was caused by the administration of the investi-
gational drug), allowing for the gradual updating of the prob-
ability of an event as new observations or information be-
come available.

RESULTS
The first phase of the clinical study

The first phase of the clinical study was conducted as
planned in two stages:

a) intravenous administration of D-VC in escalating doses,
starting with a single dose of 0.05 g/kg and ending with a
single dose of 0.3 g/kg with a washout period of 3 days be-
tween doses;

b) Two hours after the intravenous administration of ATO
at a stable dose of 0.15 mg/kg, D-VC was administered in es-
calating doses, starting with a single dose of 0.05 g/kg and
ending with a single dose of 0.3 g/kg with a washout period
of 3 days between doses. The maximum investigational dose
of D-VC was limited to the maximum tolerated dose of D-VC
established in a sub chronic (3-month) experiment in rats and

recalculated for humans using the following formula: maxi-
mum tolerated dose in rats (NOAEL) 2 g/kg x conversion fac-
tor 0.162 = 0,324 g/kg.?’ In the study, the value of the maxi-
mum dose was planned at 0.3 g/kg.

The first stage of Phase I of the study included 6 patients.
All patients were females aged between 45 and 75 years with
malignant neoplasms who had exhausted standard FOLFOX
(combination of leucovorin, 5-fluorouracil, and oxaliplatin)
and FOLFIRI (combination of leucovorin, fluorouracil, and
irinotecan) therapies. All data is presented in the Table 1.

The administration of the drug followed the treatment reg-
imen according to the approved study protocol. After a single
intravenous infusion of D-VC in escalating doses of 0.05 g/kg
- 0.1 g/lkg - 0.15 g/kg - 0.3 g/kg, all patients felt satisfactory,
and no subjective intolerance to the investigational drug was
reported. The main functional and laboratory parameters re-
mained within normal values recorded at the start of the study.
The maximum tolerated dose of D-VC was determined to be
0.3 g/kg, and this dose was chosen as the baseline for the sec-
ond stage of the study, where D-VC (0.3 g/kg) was adminis-
tered alongside ATO (0.15 mg/kg).

The second stage of the clinical study

The second stage of the study involved a single intrave-
nous administration of D-VC in combination with a single
intravenous ATO dose of 0.15 mg/kg (administered 2 hours
prior to D-VC). D-VC was administered in escalating doses
of 0.05 g/kg - 0.1 g/kg - 0.15 g/kg - 0.3 g/kg alongside ATO.
The study includes 4 patients who completed the first stage
(D-VC monotherapy).

During the second stage of the study, it was established
that all patients tolerated the combined administration of
D-VC + ATO satisfactorily, even with an increase in D-VC
dose from 0.05 g/kg to 0.3 g/kg. No cases of intolerance were
observed in any dosing regimen. Adverse events were ob-
served in 2 patients when administered a dose of D-VC 0.3 g/
kg + ATO 0.15 mg/kg, while in 1 patient they occurred within
24 hours after administration with symptoms of dyspepsia,
hepatolienal syndrome, in 1 patient short-term phenomena of
asthenic syndrome were noted. Laboratory analysis also was
change according to the ATO instruction.

The maximum tolerated dose of D-VC for intravenous ad-
ministration alongside the licensed dose of ATO can be con-
sidered as 0.3 g/kg. This dosing regimen is planned to be
used in the second phase of the current clinical study: 0.3 g/
kg D-VC + 0.15 mg/kg ATO for intravenous administration
once daily for 14 days

Abbreviations: D-VC, D-isoascorbic acid; ATO, arsenic
trioxide; AE/SAE, adverse effects/secondary adverse effects

Table 1. Summary information of the patients I phase clinical study

2 stage of treat-
. . . 1 stage of treat- ment D-VC g/
ID patient Sex Diagnosis ment D-VC g/kg AE/SAE ke +ATO 0.15 AE/SAE
mg/kg
neaplaom of the | ntake doses
BRO101 female cop’a 0.05, 0.1, 0.15, No AE/SAE refuse Not applicable
sigmoid colon, 02.03
IV Stage o
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intake dos-
Malignant es D-VC igél;ﬁsrzg(e);
neoplasm of intake doses 0.05+ATO, with symptoms
BR0102 female the upper outer | 0.05, 0.1, 0.15, | No AE/SAE 0.1+ATO, ofd Sye psia
quadrant of the | 0.2,0.3 0.15+ATO, he ;’toﬁiepnal’
breast, IV Stage 0.2+ATO, p d
0.3+ATO syndrome
intake dos-
. es D-VC
Matgnant | ke doss CosiATo, | shortiem phe
BRO0103 female p. . 0.05, 0.1, 0.15, No AE/SAE 0.1+ATO, - 3
gastric cardia, I11 02.03 0.154ATO thenic syndrome
Stage o 0'2 YTATO ’ were noted
0.3+ATO
Malignant
neoplasm of the | intake doses
BRO104 female endometrium of | 0.05, 0.1, 0.15, No AE/SAE refuse Not applicable
the uterine body, | 0.2, 0.3
II Stage
intake dos-
Malignant . es D-VC
neo 1§.SI‘H of the intake doses 0.05+ATO,
BRO105 female copla 0.05,0.1,0.15, | No AE/SAE 0.1+ATO, No AE/SAE
sigmoid colon, 11 02.03 0.15+ATO
stage ’ 0.2+ATO,
0.3+ATO
intake dos-
es D-VC
Malignant intake doses 0.05+ATO,
BRO106 female neoplasm of the | 0.05, 0.1, 0.15, No AE/SAE 0.1+ATO, No AE/SAE
rectum, [V Stage | 0.2, 0.3 0.15+ATO,
0.2+ATO,
0.3+ATO
DISCUSSION amples of progress in pre-clinical research on vitamin C (VC)

This randomized phase 1 clinical trial showed that high-
dose D-VC with ATO have a favorable safety and tolerability
profiles. The study’s proven safety of using a relatively high
dose of D-VC (0.3 g/kg) for intravenous infusion in combi-
nation with intravenous administration of a standard dose of
ATO (0.15 mg/kg) creates the basis for moving to a phase 2
clinical trial of the effectiveness of this combination in pa-
tients with colorectal cancer who have a KRAS mutation. The
safety profile of high-dose D-VC in the current study was con-
sistent with the safety profile of vitamin C in various tumor
types [10,11]. Taken together, the results of this phase 1 clin-
ical trial provide compelling evidence to justify moving to a
larger clinical trial combining high-dose vitamin C with che-
motherapy for patients with KRAS-mutant meta-static col-
orectal cancer.

Based on our hypothesis that D-VC selectively induces
oxidative stress, we explored the combination of D-VC with
another oxidizing drug to enhance its cytotoxic impact on
cancer cells. Our findings demonstrate that the combination
of the oxidizing agent ATO with D-VC exerts a potent cyto-
toxic effect on KRAS mutant pancreatic and colorectal can-
cer cells. Over the past decade, there has been a significant
increase in the number of clinical studies investigating high-
dose VC as a treatment for various oncological diseases, both
as monotherapy and in combination therapy. A large num-
ber of studies have demonstrated promising anticancer activ-
ity of vitamin C (VC) at high millimolar concentrations (~1-
20 mM) in preclinical models of various types of cancer [1].
The most extensively studied cancers in relation to the use of
high-dose vitamin C include leukemia, colorectal cancer, mel-
anoma, pancreatic cancer, and prostate cancer [2]. Notable ex-
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are studies focusing on difficult-to-treat tumors driven by the
KRAS, such as KRAS-mutant colorectal cancer [3,10]. Based
on previous preclinical studies, the authors of the aforemen-
tioned clinical trials utilized elevated doses of VC (5-10 mM)
in KRAS-mutant CRC both in vitro and in vivo. They demon-
strated that VC can exert its effects by reducing adenosine tri-
phosphate (ATP) levels and glucose transporter 1 (GLUT-1),
as well as dissipating the mitochondrial membrane potential,
thereby increasing the sensitivity of KRAS-mutant CRC cells
to chemotherapy. However, the underlying mechanism of its
antitumor action remains insufficiently understood.

The main idea is that a clinical study is being conducted
to evaluate the use of high doses of D-VC in combination
with ATO (a different drug) for antitumor activity in patients
with oncological diseases, including colorectal cancer with
KRAS mutations. The administration of ATO, VC, or D-VC
alone resulted in only weak and partial suppression of the tu-
mor, but the combination of ATO and D-VC had a signifi-
cantly more cytotoxic effect on KRAS-mutant CRC cells.
This finding demonstrates that the combination of ATO and
D-VC is a highly promising candidate as a targeted therapy
for CRC. The study builds upon promising results from pre-
vious clinical trials that investigated the use of high doses of
ascorbic acid and aims to assess the potential efficacy and
safety of high doses of D-VC in combination with ATO for
treating oncological diseases. It’s important to note that while
some clinical trials have shown potential benefits of combin-
ing high-dose VC with other treatments, not all trials have
yielded significant advantages over standard treatments alone
[11,12]. The efficacy of such combinations can vary depend-
ing on the specific cancer type, patient characteristics, treat-
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ment protocols, and other factors.

Several pioneering studies have demonstrated the efficacy
of pharmacological VC in improving the survival of patients
with advanced cancer [5]. On the contrary, two randomized
double-blind controlled trials did not demonstrate any bene-
fits of VC in the context of advanced malignant cancer [17].
Therefore, the route of administration is crucial for achiev-
ing therapeutic effects of high-dose VC, and only intravenous
administration leads to sufficiently high concentrations in
plasma and urine to potentially exert anticancer activity [18].

Recently, it has been demonstrated that intravenous ad-
ministration of VC can selectively kill colorectal cancer cells
with KRAS or BRAF mutations by targeting GAPDH [10].
VC is believed to induce the death of cancer cells through
a ROS-, AMPK-, and MAPK-dependent mechanism [19].
The cytotoxic action of VC is likely mediated through a glu-
cose-dependent oxidative effect, which confers selectivity in
the destruction of highly malignant KRAS-mutant CRC cells.
It is important to emphasize that the presumed mechanism of
the anticancer effect of vitamin C can be attributed not only to
the synthetic L-isomer of vitamin C (LVC) but also to D-VC.

In 1993, an original study was published describing the
direct cytotoxic effects of both VC and D-VC on rapidly pro-
liferating malignant cancer cells [16]. Similarly, a potent cy-
totoxic effect of D-VC against KRAS-mutant cancer cells in
cell culture was demonstrated later as well [4]. D-VC, also
known as erythorbic acid, is a common food additive and a
non-toxic antioxidant. The lower toxicity of D-VC compared
to VC is expected, as it has been reported to be more rapidly
eliminated from the human body [21].

The available evidence supports a high likelihood of hav-
ing an antitumor effect for both VC and D-VC. ATO has been
utilized in the treatment of acute pro-myelocytic leukemia,
but its use in solid tumors has been limited due to dose-de-
pendent toxicity and unfavorable pharmacokinetics. However,
promising results have been observed in the treatment of re-
fractory/recurrent CRC resistant to 5-fluorouracil. Therefore,
the com-bination of high-dose VC and ATO may hold poten-
tial for the treatment of refractory/recurrent CRC that does not
respond to standard protocols involving 5-fluorouracil. The
anticancer effects of VC and ATO may synergistically target
tumor cells, providing a new perspective in the treatment of
this type of cancer.

The main mechanism of the antitumor effect of ATO is
the induction of reactive oxygen species (ROS)-dependent
apoptosis. The action of ATO leads to an oxidant-antioxidant
imbalance in cells, which can contribute to the formation of
various ROS, such as H202, superoxide (02 ¢), nitric oxide
(*NO), hydroxyl (HOO¢), dimethylarsinyl ((CH3)2AsOO0¢),
and dimethylarsenic ((CH3)2Ase) radicals, causing oxidative
stress [1]. Initially, during the planning of the clinical study,
we relied on promising results of using ascorbic acid in the
form of the levorotatory isomer LVC (corresponding to nat-
ural ascorbic acid) in high doses (up to 75 g of ascorbic acid
intravenously per day) in clinical trials involving patients with
oncological diseases, including colorectal cancer with KRAS
mutations [10,15]. Considering the higher prooxidant poten-
tial of the levorotatory isomer of ascorbic acid (D-VC) and
the possibility of potentiation of the cytotoxic effects of D-VC
when combined with ATO, we anticipate that the use of high

doses of D-VC in combination with the licensed dose of ATO
for antitumor activity will be effective and safe.

CONCLUSION

Based on the results of phase I, the maximum tolerated
dose of the study drug D-VC was determined at a dosage of
0.3 g/kg when administered sequentially with ATO. Our find-
ings showed favorable safety profiles and provided the recom-
mended dose for high-dose D-VC in combination with ATO.
Although the current dose of D-VC and dosing schedule in
combination with ATO have been shown to be well tolerated,
we intend to continue the phase 2 study with more days of in-
fusion, which could provide more information in this area.

This is the first clinical trial evaluating the tolerability and
safety of intravenous administration of D-Isoascorbic Acid
in combination with Arsenic Trioxide for patients with ad-
vanced/metastatic malignancies who have exhausted stan-
dard therapy.

The research hypothesis is that the combined intravenous
administration of D-Isoascorbic Acid and Arsenic Trioxide is
well-tolerated and safe for patients with advanced/metastatic
malignancies who have exhausted standard therapy.
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M3YUEHUE KOMBUHAIIAUY BHYTPUBEHHOT O BBEJIEHH S D-U30ACKOPEMHOBOM
KHUCJOTBI (D-VC) I TPHOKCHUJA MBIIIBSKA ITPU 3AITYIMEHHBIX/METACTATHYECKHUX
3JJOKAYECTBEHHBIX HOBOOBPA3OBAHUSAX

Epmexbaena B.A.!, Kaupos Y.E. !, BerumoeroBa JI.A. !, Kykanoa A.M. 2*, Makumes A.K.

'YV «National Laboratory Astana», Acmana, Pecnyonuxa Kazaxcman.
2 HAO «Meouyunckuii ynueepcumem Acmanay, Acmana, Pecnyonuxa Kazaxcman;
Koppecnonoupyiowuii asmop: kukanova.a@amu.kz

AHHOTAIIUA

AKTyanbpHOCTh: PemieHue TepaneBTHYeCKUX MPOOieM, CBA3aHHBIX C MyTAHTHBIM PaKOM, CBSI3aHHBIM C BUPYCHBIM
TOMOJIOTOM OHKOTeHa capkoMbl Kpbickl Kupcten (KRAS), octaercst BaKHBIM HampaBiieHHEM B OHKOJIOTHH. KoMOMHMpOBaHHOE
BHyTpuBeHHOE BBenenue D-n3omepa Butamuna C (D-VC) (mpaBoro m3oMepa acKOpOMHOBOM KHCIIOTHI) U TPUOKCHIA
MmbIbsika (ATO) npeiaraercsi B KadecTBe MOTEHIIMAIBLHOTO MOAX0AA ISl JOCTHKEHHSI TIPOTHBOOITYX0JIEBOTO A deKTa mpu
konopektansHoM pake (CRC) ¢ omyxoneBsiMu KieTkamu, MyTaHTHBIMU I0 KRAS. ATO ycuimBaeT OKUCIUTENbHBIN 3P PexT
ButamuHa C (VC), a koMOHHAIHsI 000X MpernaparoB odeceunBacT 3G HEKTHBHOE YHUUTOKCHNE PAKOBBIX KJICTOK, MyTaHTHBIX
mo KRAS. B oTHOIICHHH PaKOBBIX KIETOK, MyTHpoBaBiux Mo KRAS, Habmrogancs MOLMIHBIA CHHEPreTHYecKuid 3 ekt
xombuHaruu VC u ATO.

Lenp: /laHHOE KIMHUYECKOE HUCCIIEIOBAHNE HANPABICHO HA OLEHKY MEPEHOCHMOCTH U 0€30MaCHOCTH BHYTPUBEHHOTO
BBegeHuss D-VC Hapsny ¢ ATO y nanueHTOB C pacnpOCTpaHEHHBIMH/METACTATUUYECKUMHU 3JI0Ka4eCTBEHHBIMU
HOBOOOPAa30BaHHUSIMHU, KOTOPbIE HCUEPITAIN CTAaHJAPTHYIO TEPAITHIO.

MeTombpl U MaUEHTHI: B 3TOM OZHOIEHTPOBOM KIMHHUYECKOM UCCIICIOBaHHUH | (pa3bl OIICHUBAIUCH MEPCHOCHMOCTD H
6e3omacHocts D-VC nipy 0THOKpAaTHOM BHYTPHBEHHOM BBEJICHHUH WJIH TIPH MocienoBarenbHoM BBeneHun ¢ ATO. LeneBas
TpyIIa JJis UCCICIOBATEIbCKOTO KIIMHUYECKOTO UccieoBanus | ¢a3bl BkirovaeT 10 manueHToB ¢ pacipoCcTpaHeHHBIME/
METaCTaTHYCCKUMHU 3JI0KAYeCTBEHHBIMU HOBOOOPA30BaHUSIMH, Y KOTOPHIX 3aKOHYMIIACH CTAHIApTHAS TCPAITUs.

Pesynsrarsl: Beenenue npenapara MpoBOAMIOCH B COOTBETCTBUH CO CXEMOIT JIEYEHHUS] B COOTBETCTBUH C YTBEPKICHHBIM
MIPOTOKOJIOM HccienoBanust. [locite omHOKpaTHOI BHyTprBeHHOH nHQY3un D-VC B Bo3pactaronmx no3ax 0,05 r/xr - 0,1 r/kr -
0,15 r/kr - 0,3 T/Kr Bce ManueHThl 9yBCTBOBAIIN CE0Sl YIOBIETBOPUTEIILHO, M O CYObEKTUBHON HEIIEPEHOCHMOCTH HUCCIIELyeMOTO
npenapara He coodmanock. OCHOBHbIE (PyHKIIMOHAIBHBIE U JJA0OPAaTOPHBIE II0KA3aTENN OCTABAINCH B IpeJiesiaXx HOPMaJIbHBIX
3Ha4YeHUH, 3a()MKCUPOBAHHBIX B Ha4ajle UCCIe0BaHMA. bbuto omnpeneneHo, 4To MakcuMalbHO IepeHocuMast 1o3a D-VC
cocrasisiet 0,3 I/KT, 1 3Ta 1032 ObLTa BRIOpaHa B Ka4ecTBE 0a30BOM It BTOPOTO 3Tara HCCiieaoBanuns, Ha kotopoM D-VC (0,3
r/kr) BBoImIcs ogHoBpeMeHHO ¢ ATO (0,15 Mr/kr).

BeiBoxsr: Hamm pe3ynsTaThl oka3any 01aronpusTHeIH IpodHib 6€30IacHOCTH U XOpOLIei IEpeHOCUMOCTH H TTO3BOJIHIIH
MTONYYUTh PEKOMEHIYEeMYT0 103y s preMa BeIcokux 1103 D-VC B xombuHanuu ¢ OTO.

Kuarouesbie cioBa: Pak, KRAS, tpuokcua mbitbska (ATO), snantromep D Butamuna C (D-VC), daza [ u paza 11
KITMHAUYECKUX UCTIBITAaHUH.

JIAMBIFAH / METACTA3/IBIK KATEPJII ICIKTEPIE D-M30ACKOPEMH KBIIIKBLJIBI (D-VC) MEH
MBI BSK TPHOKCHUAIHIH KOKTAMBIP IIITHE EHT'I3Y KOMBUHALMSICBIH 3EPTTEY

Epmexbaena B.A.!, Kaupos Y.E. !, BerumoeroBa [I.A. !, Kykanoa A.M. **, Makume A.K.’

! «National Laboratory Astanay scexe mexemeci, Acmana, Kazaxcman Pecnybnuxacol,
2 «Acmana MeOUYUHATLIK YHUBEpCUmMemiy YImmulk akyUoHepliK Kocamol, Acmana, Kazaxcman Pecnybnukacei.
baiinanvic ywin asmop: kukanova.a@amu.kz

AHJIATIA

O3exriniri: Kupcren ereykyipsik capkoma onkoreHiHiH (KRAS) BUPYCTBIK TOMOJIOTBIMEH OaiilIaHBICTBI MyTaHTThI KaTep
icikke OallylaHBICTBI TEPANEBTIK MaceieIepli ey OHKOJIOTHSHBIH MaHbI3/bl OarbIThl 00BN Kana oepeni. C BUTaMHUHIHIH
(D-VC) d-m3omepiH (ackopOHMH KBIIKBUIBIHBIH OH XaK H30Mepi) oHEe MBIIbIK TpHOKcuaiH (ATO) OipikTipiireH KOKTaMbIp
iliHe eHrizy kras MyTaHTTBI icik jkacyniangapbl 6ap KojopekTaibas! Karepai icikre (CRC) icikke Kapchl acepre Kol JKeTKi3yaiH
aneyetti Tocimi peringe ycoiHbaasl. ATO C BuramuniHiH (VC) TOTBIFY 9cepiH KYLIEHTeal KoHEe €Ki NMpenaparThiH
KOMOWHANMSCHI kras MyTaHTTBI paK KJIeTKaJIapblH THIMAI enTipyai kamTamachki3 eteni. KRAS apkbuibl MyTanusiianFal pak
kietkanapbiHa KatblcThl VC xone ATO KoMOMHAIMSCHIHBIH KYIITI CHHEPTeTUKAIIBIK ocepi OalKamnpbl.

Maxcatbl: OYJ1 KIMHHUKAJBIK 3€PTTEY CTAHIAPTTHI TEPAMUSHBI TayChUIFaH KAaJTbl/METACTATHKAJIBIK KaTepii icikTepi Oap
emaenyminepae ATO-men Oipre d-VC keKTaMbIp imIiHe eHTi3yIiH TO3IMALIIr MeH Kayilci3airin Oaranayra OaFbITTaIFaH.
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OzicTep MeH nauueHTTep: Oy 0ip opTanbIKThl | (azanblk KIMHUKAIBIK 3epTTey d-Ve Te3iMIuliri MeH Kayirci3airin o0ip
peT KeKTaMbIp illiHe eHri3reH e HeMece ato-MeH JoMeKTi eHri3ren e 6aranazpl. | da3aibik 3epTTey KIMHUKAJIBIK 3epTTEyiHIH
JKYMBIC TOOBIHA CTaHIAPTTHI TEPAITUsIaH OTKEH KaJIIlbl/METaCTaTHUKAJIBIK Karepti icikrepi Oap 10 mauueHrT xipeni.

Hotmxenepi: mpemnapaTTsl eHri3y OEKIiTUITeH 3epTTey XaTTaMachlHa ColKec eMJIey cXeMachlHa coiikec xyprizinai. 0,05
r/kr-0,1 r/kr - 0,15 r/kr - 0,3 r/kr mo3ana Oip pertik kexTamblp inriHe d - VC uH}y3uschIHaH KeiliH OapIbIK TaueHTTep
KaHaraTTaHapJbIK CE31HJII JKOHE 3epTTENETiH MpenaparThlH CyObeKTHUBTI TO31MCI3AIr Typasbl XxabapianraH oK. Herisri
(YHKIMOHAIIBIK KOHE 3epTXaHaJIbIK KOPCETKIIITEP 3ePTTEY/iH OachbIHa TipKeJITeH KaIBIIThH MoHAEp 1erine Kanapl. D-VC-
HiH MaKCHMaIIIbI Te3iMa1 qo3ackl 0,3 T/KT eKeHIIIT aHBIKTaJIIBI XKoHEe OYII 1032 3epTTEYMiH CKIiHII Ke3¢H] YIIiH HeTi3 peTiHae
tagnanabl, oaga D-VC (0,3 r/xr) ATO-men (0,15 mr/kr) 6ip Me3rinae eHri3iimi.

KopsITbrHABUTap: 0i3iH HOTHXKENEp KONAWIbl Kayilci3mik TpoduiIiH xKoHe )KaKChl TO3IMALTIKTI KepcerTTi xxoHe D-VC
sorapsl go3anapeiH OTO-MeH Oipre KaObUIay YINiH YCHHBUIFAH JO3aHBI allyFa MYMKIHAIK Oepi.

Tyiiin ce3nep: karepi icik, KRAS, mpimbsik tpuokcuai (ATO), C nopymeni D snantromepi (D-VC), 1 daza xone 11 daza
KIIMHUKAJIBIK 3epTTeyIep.
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