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Abstract

Purpose This phase I clinical trial evaluated the safety,
tolerability, and pharmacokinetics of high-dose intravenous
(i.v.) ascorbic acid as a monotherapy in patients with
advanced solid tumors refractory to standard therapy.
Methods Five cohorts of three patients received i.v.
ascorbic acid administered at 1 g/min for 4 consecutive
days/week for 4 weeks, starting at 30 g/m® in the first
cohort. For subsequent cohorts, dose was increased by
20 g/m* until a maximum tolerated dose was found.
Results  Ascorbic acid was eliminated by simple first-
order kinetics. Half-life and clearance values were similar
for all patients of all cohorts (2.0 £ 0.6 h, 21 &+ 5 dL/
h m?, respectively). Cy.x and AUC values increased pro-
portionately with dose between 0 and 70 g/m® but
appeared to reach maximal values at 70 g/m” (49 mM and
220 h mM, respectively). Doses of 70, 90, and 110 g/m?
maintained levels at or above 10-20 mM for 5-6 h. All
doses were well tolerated. No patient demonstrated an
objective antitumor response.

Conclusions Ascorbic acid administered i.v. at 1 g/min
for 4 consecutive days/week for 4 weeks produced up to
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49 mM ascorbic acid in patient’s blood and was well tol-
erated. The recommended dose for future studies is
70-80 g/m>.
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Background

Preclinical studies of large doses of ascorbic acid (vitamin
C) have been reported to show significant anticancer
effects in animal models and tissue culture investigations
[1-13]. These include direct cytotoxic effects in certain
cancer cell lines at micromolar (WM) to millimolar (mM)
concentrations [9]. Early clinical studies suggested that
intravenous (i.v.) and oral ascorbic acid may diminish
symptoms and possibly prolong survival in terminal cancer
patients [14-17]. However, more recent double-blind,
placebo-controlled studies conducted at the Mayo Clinic
have shown that oral administration of ascorbic acid pro-
vides no consistent benefit to cancer patients [18, 19].

To date, three phase I clinical trials of i.v. ascorbic acid
have been conducted in patients with advanced cancer [20—
22]. The first of these trials conducted by Riordan et al.
[22] in terminal cancer patients found i.v. ascorbic acid to
be relatively safe, provided the patient does not have a
history of kidney stone formation. The second trial con-
ducted by Hoffer et al. [20] in advanced cancer patients
found that high-dose i.v. ascorbic acid was well tolerated
but failed to demonstrate anticancer activity. Finally, the
most recently published trial by Monti et al. [21] in met-
astatic pancreatic cancer patients revealed no increased
toxicity with the addition of i.v. ascorbic acid to gemcita-
bine and erlotinib.
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Recent pharmacologic modeling revealed that orally
administered ascorbic acid, even at very large and fre-
quent dosing, will increase plasma concentrations only
modestly, from 0.07 mM to a maximum of 0.22 mM [23].
Conversely, intravenous ascorbic acid administration can
raise plasma concentrations as high as 14 mM, and con-
centrations of 1-5 mM have been found to be selectively
cytotoxic to tumor cells in vitro [1, 2, 9]. Pharmacokinetic
studies [24] of i.v. ascorbic acid by Riordan et al. indi-
cated that a 30-g infusion was not adequate to raise
plasma levels of ascorbic acid to a level toxic to tumor
cells. Infusions of 60 g resulted in brief elevations to
24 mM, while a loading infusion of 60 g followed by an
additional 20 g infused over 60 min resulted in a 240-min
span in which ascorbic acid plasma concentrations were
>24 mM. At these time points, serum from patients could
be added to in vitro cultures and demonstrates antitumor
toxicity [24].

In the hundreds of patients receiving ascorbic acid that
have been reported in the literature, only a few have
achieved an anticancer response [14]. Given the above
observations, one possible explanation is that the concen-
tration of ascorbic acid achieved within the systemic
compartment was not adequate. Alternatively, the duration
of elevated ascorbic acid concentrations was not sufficient
to attain an anticancer response. Therefore, we conducted a
phase I clinical trial to determine the safety and tolerability
of i.v. ascorbic acid at doses that could potentially achieve
the serum concentrations for cytotoxic anticancer activity
in patients with solid tumors that might be associated with
therapeutic efficacy.

Methods
Eligibility criteria

Eligible patients were required to have measurable biopsy-
proven advanced and/or metastatic solid tumors that were
progressing with no other available known beneficial
treatments. Patients were required to be >18 years of age,
have not received antineoplastic therapy for >4 weeks
prior to their first dose of i.v. ascorbic acid, have an Eastern
Cooperative Oncology Group (ECOG) performance status
of 0-2, a life expectancy of >3 months, normal glucose-6-
phosphate dehydrogenase (G6PD) activity, normal renal
function (serum creatinine of <1.2 mg/dl), no evidence of
oxalosis by urinalysis, no evidence of chronic hemodialy-
sis, iron overload (serum ferritin >500 ng/ml), Wilson’s
disease, or compromised liver function (serum bilirubin
>2; AST >63, ALT >95). Pregnant or lactating females, or
patients with current tobacco use, evidence of significant
psychiatric disorder by history or examination that would
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prevent completion of the study or preclude informed
consent, current aspirin (exceeding 325 mg/day) or acet-
aminophen (exceeding 2 g/day) use, or the presence of
brain metastases that had not responded to therapy were not
eligible for the study entry. The protocol was approved by
the US Food and Drug Administration under an Investi-
gational New Drug Application. In addition, the protocol
was approved by the institutional review board of Cancer
Treatment Centers of America® at Midwestern Regional
Medical Center, and written informed consent was
obtained for each patient prior to performing study-related
procedures. An independent Data Safety Monitoring Board
was utilized to periodically review and evaluate patient
safety, accumulate study data, study progress, and when
appropriate make recommendations about continuing or
modifying the study.

Study design

This was a non-comparative, single-center, phase I dose-
escalation trial designed to evaluate the safety, tolerability,
and pharmacokinetics of high-dose i.v. ascorbic acid in
patients with advanced solid tumors who did not respond to
standard therapy. A central line was required for the
delivery of the i.v. ascorbic acid. Prior to receiving the
therapeutic dose, on Day 1, all patients received a test dose
of i.v. ascorbic acid of 15 g to ensure that the patient was
not hypersensitive to ascorbic acid. After successfully
completing the test dose, patients started their trial dose the
following Monday. Cohorts of three patients received i.v.
ascorbic acid starting at 30 g/m? in the initial cohort. For
subsequent cohorts, the dose of ascorbic acid was to be
increased by 20 g/m” until a maximum tolerated dose
(MTD) or an optimal dose was found. Ascorbic acid was
administered at 1 g/min for 4 consecutive days/week for 4
consecutive weeks. If toxicity was encountered at one dose
level, the number of patients enrolled would be expanded
to 6 or 9 until the toxicity of that dose was determined. If a
dose-limiting toxicity (DLT) was observed in >2 patients
out of 6, the MTD was defined as the dose just below the
dose where the DLT was observed. DLT was defined as
any reversible Grade >3 adverse event, whether hemato-
logic or non-hematologic. If patients treated at the highest-
dose cohort (130 g/mz) did not experience DLT, investi-
gators had the option of (1) treating another cohort with a
higher dose or (2) selecting the ‘treatment dose’ from the
dose that provided extended plasma levels of 10-20 mM
ascorbic acid. Each cohort received a fixed dose of ascorbic
acid for the entire study. Intrapatient dose escalation was
not permitted. Concomitant treatment with supportive
medications or nutritional interventions was determined
by discussion between the principal investigator and
the patient’s primary oncologist. For general nutritional
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support, all patients were provided a multivitamin (Im-
munomax) along with EPA 2,000 mg daily prior to i.v.
ascorbic acid administration.

Ascorbic acid was purchased from Luitpold Pharma-
ceuticals, Inc/American Regent Laboratories, Inc. Each
milliliter contains 0.5 g sodium ascorbate, 0.025 % edetate
disodium, and water for injection qs pH (range 5.5-7.0)
adjusted with sodium bicarbonate. Ascorbic acid adminis-
tration conformed to the recommendations provided by
Riordan et al. [25]. A clinical pharmacist prepared ascorbic
acid within 2 h of its delivery to ensure the sterility of the
solution. The solution to be infused contained the appro-
priate amount of ascorbic acid in sterile water for injection
with calcium chloride, magnesium chloride, and potassium
chloride. The minerals in solution were in the chloride
form because clinical experience with i.v. ascorbic acid
has shown a chloride shift, which results in hypochlore-
mia that must be compensated. Ascorbic acid was admin-
istered via a central venous access catheter at a rate of
1 g/min because the solution tends to be hyperosmolar
(1,200 mOsm/L) and difficult to tolerate in a peripheral
vein. The infusion bag of ascorbic acid was protected from
light to prevent photooxidation.

Patient monitoring

Physical examination, height and weight, vital signs and
assessments of laboratory analysis (urine analysis, blood
chemistry, CBC, screening for G-6-PD and ferritin), and
baseline EKG were performed prior to entrance into the
study as well as once each week prior to the infusion.

Pharmacokinetic sampling and assay

Blood samples were taken immediately before the infusion,
mid-infusion, and at the infusion endpoint, and 1, 3, 6, and
12 h after the endpoint. Blood samples for PK analyses
were obtained on the first and fourth day of the first and
fourth week of dosing. Due to early patient withdrawal,

fewer data were obtained from patients treated with 110 g/
m?2. Data were not obtained on Week 4, Days 1 and 4 for
two patients and on Week 4, Day 4 for one patient in this
cohort. Patients doing well could elect to continue being
treated 2 days/week on this study protocol after they had
completed the initial 4-week program. The initial infusion
solution components are presented in Table 1.

Ascorbic acid was measured in 3 ml of blood sampled at
the indicated times by Lab Corp of North Carolina (CLIA
#34D0655059; Ascorbate Assay #001479). PK analysis
determined the maximal mM drug concentration in plasma
(Cmax)> the h mM area under the drug—concentration curve
(AUC) from infusion start to extrapolated infinite time,
clearance, and non-compartmental terminal elimination
rate.

Quality of Life assessment

Quality of Life (QoL) was assessed using the European
Organization for the Research and Treatment of Cancer
Quality of Life Questionnaire (QLQ-C30), which empha-
sizes a patient’s capacity to fulfill the activities of daily
living. The QLQ-C30 is a 30-item cancer-specific ques-
tionnaire that incorporates five functioning subscales
(physical, role, cognition, emotional, and social), eight
symptom scales (fatigue, pain, nausea/vomiting, dyspnea,
insomnia, loss of appetite, constipation, and diarrhea),
financial well-being scale, and a global scale (based on two
items: global health and global QoL). The raw scores are
linearly transformed to give standard scores in the range of
0-100 for each of the functioning and symptom scales.
Higher scores in the global and functioning scales and
lower scores in the symptom scales indicate better QoL. On
an average, a difference of 4-10 points reflects a small
change, while a difference of 10-20 points represents a
medium change in QoL across all QLQ-C30 subscales
[26]. This instrument has been extensively tested for reli-
ability and validity [27-29]. The QLQ-C30 was adminis-
tered at screening, prior to the first test infusion of 15 g of

Table 1 Ascorbic acid was originally prepared according to the following guidelines

Ascorbic acid dose (g) Sterile water (mL)

Calcium chloride (mEq) Magnesium chloride (g)

Potassium chloride (mEq) Final volume

<75 700 54.4
75-100 800 68
100-125 1,000 85
125-150 1,200 102
150-175 1,400 119
175-200 1,600 136

3 20 1,000
4 30 1,200
5 37.5 1,400
6 45 1,600
7 52.5 2,000
8 60 2,200

Stock solution concentrations are as follows: ascorbic acid (0.5 g/ml), calcium chloride (1.36 mEq/ml), magnesium chloride (200 mg/ml),

potassium chloride (2 mEq/ml)

Calcium and magnesium in the infusion solution were later reduced to their normal levels in blood (5 and 2 mEq/L, respectively). In addition,
potassium was lowered to 16.7 mEq/L, which delivers 10 mEq/h, an infusion rate that is considered safe for all patients
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vitamin C and weekly prior to receiving infusions of
vitamin C.

Results
Patient characteristics

A total of 17 patients were treated in this phase 1 trial. The
demographics of study participants are presented in
Table 2.

Incipient changes during the study

Several patients in Cohort II, receiving 50 g/m* ascorbic
acid, experienced hypercalcemia and transient hyperten-
sion. Our original protocol included large amounts of cal-
cium (54.4 mEq/L), magnesium (30 mEq/L = 3 g/L), and
potassium (20 mEq/L) in the ascorbic acid infusion solu-
tion. The chloride form of these metals was used to com-
pensate for a chloride shift and hypochloremia that may
occur with i.v. ascorbic acid. High levels of calcium were

Table 2 Patient characteristics (N = 17)

Characteristics No. of patients

Age, years
Median = 59
Range = 40-72

Sex
Male 6
Female 11

Stage at diagnosis
I
I
v

Stage at study entry
I 1
v 16

Type of cancer
Anus
Breast
Choroid
Colon
Ear
Liver
Lung
Pancreas
Rectum
Skin
Small bowel

N N O NG -
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added because ascorbic acid, a chelator of calcium, could
cause tremors due to hypocalcemia [25]. However, the
association constant for ascorbic acid binding of calcium
ions, 2.1 M~!, is so weak that the concentration of infused
ascorbic acid in the blood is too low to chelate significant
amounts of calcium.

Large amounts of magnesium had been added to inhibit
the formation of oxalate stones, which were believed to be
caused by large i.v. doses of ascorbic acid [25]. However,
reports have shown that ascorbic acid does not contribute
to renal oxalate stone formation [30, 31]. Therefore, the
concentrations of calcium and magnesium in the infusion
solution were reduced to the same concentrations that
appear in blood (5 and 2 mEq/L, respectively). In addition,
potassium was lowered to 16.7 mEq/L, which delivers
10 mEg/h, an infusion rate that is considered safe for all
patients. Ascorbic acid remained at 100 g/ and was
infused at 1 g/min.

Pharmacokinetics

Data were obtained for five cohorts treated with 30, 50,
70, 90, and 110 g/mz, respectively. Ascorbic acid was
eliminated by simple first-order kinetics. The ascorbic
acid elimination half-life (t.,), clearance, Cp,,x, and AUC
are presented in Table 3. Ascorbic acid did not accumu-
late to any significant level during consecutive daily
administrations, and the t,,, Cn.c, and AUC values of
ascorbic acid for each patient did not systematically
change during their 4 weeks of treatment. The half-life
values as well as the clearance values of ascorbic acid
were similar for all patients of all cohorts (2.0 = 0.6 h
and 21 £ 5 dL/h m?, respectively). The Cp,x and AUC
values increased proportionately with ascorbic acid dos-
ages between 0 and 70 g/m>. The correlation coefficients
(rz) were 0.99 for the C,,,« versus dose and 0.97 for the
AUC versus dose for this dosing range (Fig. 1). However,
the Cpax and AUC appeared to reach maximum values at
70 g/m?.

There were no statistical differences (2-tailed Student’s
t test) between the AUC values of 219, 246, and 217 h mM
obtained from the 70, 90, and 110 g/m2 ascorbic acid
doses, respectively. The 70 and 90 g/m* doses of ascorbic
acid achieved a C,,,,, value of 49 mM, while the C,,,, value
of the 110 g/m” dose was 37 mM. Although this value was
significantly lower (2-tailed Student’s ¢ test) than the
49 mM values obtained from the 70 and 90 g/m2 dose,
fewer data points were collected from this cohort because
of early subject discontinuation. The p values for com-
paring the Cy,y values were 0.002 (110 vs. 70 g/m?) and
0.04 (110 vs. 90 g/m?), respectively. Each of the three
highest doses (70, 90, and 110 g/mz) maintained ascorbic
acid blood levels at or above 10-20 mM for about 5-6 h.
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Table 3 Pharmacokinetic values

PK parameters Ascorbic acid dose (g/m?)

30 50 70 90 110*
Elimination t, (hours) 2.1 + 09° 1.8 £ 04 1.7 £ 0.2 2.1 +0.3 25+09

(1.6-3.1) (1.4-2.2) (1.5-1.9) (1.8-2.3) (1.6-3.3)
Clearance 23 + 0.8 25 + 10 18 £ 2 18 £ 4 20 +4
(dL/h m?) (22-24) (16-36) (16-20) (14-21) (16-23)
Crax 23+ 9 33+£8 49 + 8 49 + 14 37+6
(mM) (8-38) (15-47) (35-60) (37-78) (28-46)
AUC 74 + 3 124 + 50 219 £+ 25 246 + 40 217 £+ 40
(h mM) (72-77) (80-175) (200-247) (206-285) (174-249)

* Incomplete data were obtained for this cohort. Week-4 data were not available for two subjects, and Week-4, Day-4 data were not available for

one subject
b Average value + SD (range)

PK Values

-#-Cmax -+AUC
- 300

0 T T T T
0 20 40 60 80
Ascorbic Acid Dose, g/m?

100
Fig. 1 C.x and AUC values versus ascorbic acid dose

Adverse events

Table 4 describes Grade 2 and above adverse events
experienced by patients during the trial stratified by dose
cohort. In general, high-dose i.v. ascorbic acid was well
tolerated, and most adverse events were mild and only
possibly or probably related to the treatment. Treatment-
related nausea and headache were fairly common in all
cohorts. Some patients had moderate to severe hyperna-
tremia and hypokalemia. Other reported adverse events
were hypertension, insomnia, abnormal urine color, loss of
appetite, fatigue, chills, and hyperglycemia.

Antitumor efficacy

One patient was withdrawn from the study and hence could
not be evaluated for tumor response. Of the remaining 16
patients, no one experienced an objective tumor response.
Three patients had stable disease, while 13 had progressive
disease.

Table 4 Number of patients experiencing adverse events

Toxicity Grade 2 Grade 3 Grade 4
Dose cohort I (n = 3)
Proteinuria 1 0 0
Granular casts 1 0 0
Dose cohort IT (n = 5)
Hypertension 2 0 0
Pain—lower back 1 0 0
Tumor fever 1 0 0
Pedal enema 1 0 0
Bacteremia 1 0 0
Hypoalbuminemia 1 0 0
Hypokalemia 1 0 0
Peripheral neuropathy 1 0 0
Dose cohort III (n = 3)
No adverse effects
Dose cohort IV (n = 3)
Hypokalemia 0 2 0
Hypernatremia 0 0 2
Hypertension 1 0 0
Headache 0 1 0
Hyperglycemia 1 0 0
Dose cohort V (n = 3)
Headache 1 0 0
Hypertension 1 0 0
Hypernatremia 0 1 1
Increased LDH 1 0 0
Anemia 2 0 0
Hypercalcemia 1 0 0
Increased creatinine 1 0 0

Cohorts I-V represent 30, 50, 70, 90, and 110 g/m2 doses of ascorbic
acid, respectively

@ Springer



144

Cancer Chemother Pharmacol (2013) 72:139-146

Table 5 Quality of life assessment

Visit Screening Prior to test infusion Week 1 Week 2 Week 3 Week 4
Sample size N=17 N=17 N=16 N=12 N=17 N=2
Functioning scales (higher = better)
Global 69 58 59 65 74 92
Physical 79 69 73 68 72 87
Role 68 52 65 61 67 100
Emotional 70 77 76 88 89 100
Cognitive 75 75 81 85 86 83
Social 60 64 55 69 71 75
Symptoms (lower = better)
Fatigue 41 49 46 40 30 11
Nausea/vomiting 19 27 18 32 14 0
Pain 39 36 35 35 29 0
Dyspnea 20 24 25 19 29 0
Insomnia 25 31 35 28 29 17
Appetite loss 39 41 44 33 10 17
Constipation 25 31 33 31 14 33
Diarrhea 14 24 10 3 0 0
Financial problems 45 33 33 17 38 50
Table 6 Phase I studies compared compared for the two studies in Table 6. Our protocol
Variable Hoffer et al. [20] CTCA produced approximately a twofold higher Cy,.x and AUC
values for ascorbic acid in patient’s blood, reaching values
Schedule 3 days per week 4 days per week  of 49 mM and 246 h mM, respectively. Dose levels of 70,
Highest dose 56 g/m’ (1.5 glkg)® 110 g/m? 90, and 110 g/m2 also maintained ascorbic acid blood
Highest dose intensity 168 g/m’/week 440 g/m’/week levels at or above 10-20 mM for about 5-6 h. These high
Highest Cryax 26 mM 49 mM concentrations of ascorbic acid (both peak and sustained)
Highest AUC Approx. 100 mM h 246 mM h were generally well tolerated.

* g/kg x 37 = g/m® [37]
Quality of life

Table 5 displays the QLQ-C30 scores over the entire
course of the study. The average values for the functioning
and symptom scales remained fairly constant for 2 weeks
and then appeared to improve for the fewer patients who
completed the questionnaire at 3 and 4 weeks.

Discussion

A previous phase I ascorbic acid trial [20] stopped dose
escalation at 1.5 g/kg (approximately 56 g/m?) when peak
blood levels approached 26 mM, the level that inhibited
tumor growth in mice [3]. However, 30—40 mM ascorbic
acid in mouse blood only partially inhibited the rate of
tumor growth and did not produce tumor regression. Our
study achieved higher blood levels, longer drug exposures,
and higher dose intensity to better assess both toxicity and
the potential for antitumor efficacy. These parameters are
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Although the C.x and AUC values for ascorbic acid
increased proportionately with ascorbic acid doses between
0 and 70 g/m?, the values of these parameters did not
increase much further at the higher doses of 90 and 110 g/m>.
Therefore, a dose of 70-80 g/m* appears to be optimal for
future studies since higher doses provide no additional drug-
exposure benefits and subject the patient to unnecessarily
longer infusions.

The 2008 report of Heaney et al. [32] advised caution
concerning combining ascorbic acid with other chemo-
therapeutic agents. Using hematopoietic cell cultures and
hematopoietic xenogenic tumors in mice, they studied the
effects of ‘vitamin C’ on the antitumor activity of several
common chemotherapeutic agents (doxorubicin, cisplatin,
vincristine, methotrexate, and imatinib), including some
agents that do not have reactive oxygen mechanisms of
action. They found that ascorbate at higher concentrations
antagonized the cytotoxicity of some chemotherapeutic
agents, and they concluded that ‘vitamin C’ might interfere
with the treatment for hematopoietic tumors (and other
tumor types) in cancer patients. Unfortunately, they used
dehydroascorbic acid (not ascorbic acid) and claimed that it
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was converted to ascorbic acid intracellularly. A partic-
ular concern with this study is that one of the more likely
potential antitumor mechanisms of action of ascorbic acid
depends on the extracellular conversion of ascorbic acid
to dehydroascorbic acid, which generates extracellular
H,0,, an active cytotoxic antitumor agent [3, 33]. Thus,
dosing with dehydroascorbic acid may circumvent this
particular antitumor activity of ascorbic acid. This prob-
ability is supported by their findings that 8.5-18 mM
dehydroascorbic acid alone produced no antitumor
activity against their two cell lines and that 250 mg/kg
dehydroascorbic acid produced only minimal antitumor
activity against the xenographic tumors in mice. Similar
criticism of the conclusions of this report has been voiced
by others [34].

Further support for a potential role of i.v. ascorbic
acid is provided by the work of Verrax and Calderon
[33] who demonstrated that ascorbic acid completely
kills a variety of tumor cells, T24 (bladder), DU145
(prostate), HepG2 (liver), MCF7 (breast), and Ishikawa
(cervix), with ECsy values of 3-7 mM. They also
showed that 1 g/kg/d i.p. ascorbic acid significantly
inhibited TLT tumor growth in mice without any obvi-
ous toxicity. Notably, orally dosed ascorbic acid had no
effect on tumor growth. In addition, this group demon-
strated that ascorbic acid significantly potentiated the
antitumor activity of several chemotherapeutic agents
including etoposide, cisplatin, 5-fluorouracil, doxorubi-
cin, and paclitaxel and in all three tumor lines tested
(MCF7, DU145, and T24).

The use of i.v. ascorbic acid in combination with cyto-
toxic chemotherapy is further encouraged by a recent
report showing that ascorbic acid potentiated the antitumor
activity of gemcitabine against seven human and one
murine pancreatic cancer cell lines [35]. The observation is
of particular interest as two of the human lines were
resistant to gemcitabine. Synergistic antitumor activity
occurred in tissue culture and in vivo studies with
implanted tumors in mice. This and other reported pre-
clinical investigations provide encouragement for addi-
tional exploration of i.v. ascorbic acid to improve
therapeutic outcomes [36]. A recently published phase I
clinical trial by Monti et al. evaluated i.v. ascorbate com-
bined with gemcitabine and erlotinib in nine patients with
stage IV metastatic pancreatic cancer. Potentially biologi-
cally and clinically active ascorbic acid concentrations
were achievable in all treated individuals, and primary
tumor size decreased in eight out of nine patients [21]. The
findings of the current study coupled with the collective
evidence from the available literature suggest that the
combination of i.v. ascorbic acid with gemcitabine to treat
pancreatic cancer is an attractive approach that deserves
further evaluation.

Conclusions

In conclusion, ascorbic acid dosed i.v. at 1 g/min for 4
consecutive days/week for 4 weeks resulted in a peak
concentration of approximately 49 mM and was generally
well tolerated. The recommended dose for future studies is
70-80 g/m°.

Acknowledgments This work was funded by the Gateway for
Cancer Research. We gratefully appreciate and thank the patients and
their families for participating in this study, as well as the following
critical team members and experts for helping us design, conduct,
successfully complete this trial, and/or comment on our manuscript:
Laura Camarda, Juliet Canlas, Candi Pfeiffer Carmody, Maryann
Daechler, Juliet Fundora, Dr. James F. Grutsch, Dr. Digant Gupta,
Gregg Helm, Dr. Alan Hollister, Dr. William JM Hrushesky, Kathleen
Katrenick, Julie Martin, Josephine Mezger, Sara Mortensen, Paul
Nachowicz, Dr. Daniel Nixon, Lanabelle Presquito, Chris Regan, Dr.
Bert Spilker, Kristine Stolfi, Dr. Harland Verrill, Dr. Maurie Mark-
man and Jody Wehrwein.

We would also like to acknowledge and thank our Data Safety
Monitoring Board (DSMB) for their contributions to this important
study, including Bert Spilker, PhD, MD (DSMB Chair), Alan S.
Hollister, MD, PhD and Daniel W. Nixon, MD.

Conflict of interest None.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

1. Bram S, Froussard P, Guichard M, Jasmin C, Augery Y, Sinoussi-
Barre F, Wray W (1980) Vitamin C preferential toxicity for
malignant melanoma cells. Nature 284:629-631

2. Casciari JJ, Riordan NH, Schmidt TL, Meng XL, Jackson JA,
Riordan HD (2001) Cytotoxicity of ascorbate, lipoic acid, and
other antioxidants in hollow fibre in vitro tumours. Br J Cancer
84:1544-1550

3. Chen Q, Espey MG, Krishna MC, Mitchell JB, Corpe CP, Bu-
ettner GR, Shacter E, Levine M (2005) Pharmacologic ascorbic
acid concentrations selectively kill cancer cells: action as a pro-
drug to deliver hydrogen peroxide to tissues. Proc Natl Acad Sci
USA 102:13604-13609

4. Demole V (1934) On the physiological action of ascorbic acid
and some related compounds. Biochem J 28:770-773

5. Fujii H, Amano O, Kochi M, Sakagami H (2003) Mitochondrial
control of cell death induction by sodium 5,6-benzylidene-L-
ascorbate. Anticancer Res 23:1353-1356

6. Hanck AB (1980) Vitamins in “malattie evolutive”. Acta Vita-
minol Enzymol 2:179-185

7. Jamison JM, Gilloteaux J, Nassiri MR, Venugopal M, Neal DR,
Summers JL (2004) Cell cycle arrest and autoschizis in a human
bladder carcinoma cell line following Vitamin C and Vitamin K3
treatment. Biochem Pharmacol 67:337-351

8. Kurbacher CM, Wagner U, Kolster B, Andreotti PE, Krebs D,
Bruckner HW (1996) Ascorbic acid (vitamin C) improves the
antineoplastic activity of doxorubicin, cisplatin, and paclitaxel in
human breast carcinoma cells in vitro. Cancer Lett 103:183-189

@ Springer



146

Cancer Chemother Pharmacol (2013) 72:139-146

9.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Leung PY, Miyashita K, Young M, Tsao CS (1993) Cytotoxic
effect of ascorbate and its derivatives on cultured malignant and
nonmalignant cell lines. Anticancer Res 13:475-480

Makino Y, Sakagami H, Takeda M (1999) Induction of cell death
by ascorbic acid derivatives in human renal carcinoma and
glioblastoma cell lines. Anticancer Res 19:3125-3132
Maramag C, Menon M, Balaji KC, Reddy PG, Laxmanan S
(1997) Effect of vitamin C on prostate cancer cells in vitro: effect on
cell number, viability, and DNA synthesis. Prostate 32:188-195

. Munkres KD (1979) Ageing of Neurospora crassa. VIII.

Lethality and mutagenicity of ferrous ions, ascorbic acid, and
malondialdehyde. Mech Ageing Dev 10:249-260

Padayatty SJ, Levine M (2000) Reevaluation of ascorbate in
cancer treatment: emerging evidence, open minds and serendip-
ity. J Am Coll Nutr 19:423-425

Cameron E, Campbell A (1974) The orthomolecular treatment of
cancer. II. Clinical trial of high-dose ascorbic acid supplements in
advanced human cancer. Chem Biol Interact 9:285-315
Cameron E, Pauling L (1974) The orthomolecular treatment of
cancer. I. The role of ascorbic acid in host resistance. Chem Biol
Interact 9:273-283

Cameron E, Pauling L (1976) Supplemental ascorbate in the
supportive treatment of cancer: prolongation of survival times in
terminal human cancer. Proc Natl Acad Sci USA 73:3685-3689
Padayatty SJ, Riordan HD, Hewitt SM, Katz A, Hoffer LJ, Levine
M (2006) Intravenously administered vitamin C as cancer ther-
apy: three cases. CMAJ 174:937-942

Creagan ET, Moertel CG, O’Fallon JR, Schutt AJ, O’Connell MJ,
Rubin J, Frytak S (1979) Failure of high-dose vitamin C (ascorbic
acid) therapy to benefit patients with advanced cancer. A con-
trolled trial. N Engl J Med 301:687-690

Moertel CG, Fleming TR, Creagan ET, Rubin J, O’Connell MJ,
Ames MM (1985) High-dose vitamin C versus placebo in the
treatment of patients with advanced cancer who have had no prior
chemotherapy. A randomized double-blind comparison. N Engl J
Med 312:137-141

Hoffer LJ, Levine M, Assouline S, Melnychuk D, Padayatty SJ,
Rosadiuk K, Rousseau C, Robitaille L, Miller WH Jr (2008)
Phase I clinical trial of i.v. ascorbic acid in advanced malignancy.
Ann Oncol 19:1969-1974

Monti DA, Mitchell E, Bazzan AJ, Littman S, Zabrecky G, Yeo
CJ, Pillai MV, Newberg AB, Deshmukh S, Levine M (2012)
Phase I evaluation of intravenous ascorbic Acid in combination
with gemcitabine and erlotinib in patients with metastatic pan-
creatic cancer. PLoS ONE 7:¢29794

Riordan HD, Casciari JJ, Gonzalez MJ, Riordan NH, Miranda-
Massari JR, Taylor P, Jackson JA (2005) A pilot clinical study of
continuous intravenous ascorbate in terminal cancer patients. P R
Health Sci J 24:269-276

Murata A, Morishige F, Yamaguchi H (1982) Prolongation of
survival times of terminal cancer patients by administration of
large doses of ascorbate. Int J Vitam Nutr Res Suppl 23:103-113

@ Springer

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Riordan HD, Riordan NH, Jackson JA, Casciari JJ, Hunninghake
R, Gonzalez MJ, Mora EM, Miranda-Massari JR, Rosario N,
Rivera A (2004) Intravenous vitamin C as a chemotherapy agent:
a report on clinical cases. P R Health Sci J 23:115-118

Riordan HD, Hunninghake RB, Riordan NH, Jackson JJ, Meng
X, Taylor P, Casciari JJ, Gonzalez MJ, Miranda-Massari JR,
Mora EM et al (2003) Intravenous ascorbic acid: protocol for its
application and use. P R Health Sci J 22:287-290

Cocks K, King MT, Velikova G, de Castro G Jr, Martyn St-James
M, Fayers PM, Brown JM (2012) Evidence-based guidelines for
interpreting change scores for the European Organisation for the
Research and Treatment of Cancer Quality of Life Questionnaire
Core 30. Eur J Cancer 48:1713-1721

Hjermstad MJ, Fossa SD, Bjordal K, Kaasa S (1995) Test/retest
study of the European Organization for Research and Treatment
of Cancer Core Quality-of-Life Questionnaire. J Clin Oncol
13:1249-1254

Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A,
Duez NJ, Filiberti A, Flechtner H, Fleishman SB, de Haes JC
(1993) The European Organization for Research and Treatment
of Cancer QLQ-C30: a quality-of-life instrument for use in
international clinical trials in oncology. J Natl Cancer Inst
85:365-376

Groenvold M, Klee MC, Sprangers MA, Aaronson NK (1997)
Validation of the EORTC QLQ-C30 quality of life questionnaire
through combined qualitative and quantitative assessment of
patient-observer agreement. J Clin Epidemiol 50:441-450
Gerster H (1997) No contribution of ascorbic acid to renal cal-
cium oxalate stones. Ann Nutr Metab 41:269-282

Morgan SH, Maher ER, Purkiss P, Watts RW, Curtis JR (1988)
Oxalate metabolism in end-stage renal disease: the effect of
ascorbic acid and pyridoxine. Nephrol Dial Transplant 3:28-32
Heaney ML, Gardner JR, Karasavvas N, Golde DW, Scheinberg
DA, Smith EA, O’Connor OA (2008) Vitamin C antagonizes the
cytotoxic effects of antineoplastic drugs. Cancer Res 68:8031—
8038

Verrax J, Calderon PB (2009) Pharmacologic concentrations of
ascorbate are achieved by parenteral administration and exhibit
antitumoral effects. Free Radic Biol Med 47:32-40

Levine M, Espey MG, Chen Q (2009) Losing and finding a way
at C: new promise for pharmacologic ascorbate in cancer treat-
ment. Free Radic Biol Med 47:27-29

Espey MG, Chen P, Chalmers B, Drisko J, Sun AY, Levine M,
Chen Q (2011) Pharmacologic ascorbate synergizes with gem-
citabine in preclinical models of pancreatic cancer. Free Radic
Biol Med 50:1610-1619

Cullen JJ, Spitz DR, Buettner GR (2011) Comment on “Phar-
macologic ascorbate synergizes with gemcitabine in preclinical
models of pancreatic cancer,” i.e., all we are saying is, give C a
chance. Free Radic Biol Med 50:1726-1727

Reagan-Shaw S, Nihal M, Ahmad N (2008) Dose translation
from animal to human studies revisited. FASEB J 22:659-661



	Phase I clinical trial to evaluate the safety, tolerability, and pharmacokinetics of high-dose intravenous ascorbic acid in patients with advanced cancer
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Background
	Methods
	Eligibility criteria
	Study design
	Patient monitoring
	Pharmacokinetic sampling and assay
	Quality of Life assessment

	Results
	Patient characteristics
	Incipient changes during the study
	Pharmacokinetics
	Adverse events
	Antitumor efficacy
	Quality of life

	Discussion
	Conclusions
	Acknowledgments
	References


