SPRINGER BRIEFS IN CANCER RESEARCH

JorgeR. Miranda-Massari
New Insights on

Vitamin Cand
Cancer

@ Springer



SpringerBriefs in Cancer Research



More information about this series at http://www.springer.com/series/10786


http://www.springer.com/series/10786

Michael J. Gonzalez - Jorge R. Miranda-Massari

New Insights on Vitamin C
and Cancer

@ Springer



Michael J. Gonzalez Jorge R. Miranda-Massari

Department of Human Development Department Pharmacy Practice
Nutrition Program School of Pharmacy

School of Public Health Medical Sciences Campus
Medical Sciences Campus University of Puerto Rico
University of Puerto Rico San Juan

San Juan Puerto Rico

Puerto Rico

ISBN 978-1-4939-1889-8 ISBN 978-1-4939-1890-4  (eBook)
DOI 10.1007/978-1-4939-1890-4

Library of Congress Control Number: 2014949331
Springer New York Heidelberg Dordrecht London

© The Author(s) 2014

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission or
information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed. Exempted from this legal reservation are brief
excerpts in connection with reviews or scholarly analysis or material supplied specifically for the
purpose of being entered and executed on a computer system, for exclusive use by the purchaser of the
work. Duplication of this publication or parts thereof is permitted only under the provisions of
the Copyright Law of the Publisher’s location, in its current version, and permission for use must always
be obtained from Springer. Permissions for use may be obtained through RightsLink at the Copyright
Clearance Center. Violations are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt
from the relevant protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)



Preface

It is a privilege bestowed upon us to write this book on Vitamin C and Cancer. It is
humbling for us to follow in the steps of scientific giants such as Nobel Prize winner
Hungarian physiologist, Dr. Albert Szent-Gorgyi, American Medical Researcher
Dr. Frederick R. Klenner, the great American scientist Dr. Linus C. Pauling, two time
(Unshared) Nobel Prize winner, distinguished Scottish surgeon, Dr. Ewan Cameron,
prominent Canadian psychiatrist, Dr. Abram Hoffer, outstanding American ortho-
molecular physician, Dr. Hugh D. Riordan, and leading NIH medical scientist,
Dr. Mark Levine; all brave medical mavericks that have been key to the development
of the science behind Vitamin C and Cancer. It is a great honor to follow in the steps of
these inquisitive and bright scientists. Nowadays, Dr. Neil H. Riordan, Dr. Steve
Hickey, Dr. Ron Hunninghake, Dr. Atsuo Yanagisawa, Dr. Chan H. Park, Dr. Qi
Chen, Dr. Sebastian J. Padayatti, Dr. Chang H. Yeom, Dr. Thomas Levy, Dr. Nina
Mikirova, Dr. Joseph Casciari, Dr. Jorge Duconge, and Dr. Jeanne Drisko continue to
study and research Vitamin C and Cancer to provide valuable information regarding
its therapeutic use as Cancer therapy.

We embark on this project with humility but with a special personal interest
since we both have suffered personal losses due to Cancer. Dr. Miranda’s wife,
mother, and father and Dr. Gonzalez’s mother, grandmother, and grandfather, all
have succumbed to the devastation of Cancer. In this sense any opportunity we
have to study, understand, and fight Cancer, we will seize. Moreover, any chance to
contribute to improve survival and quality of life of Cancer patients, is not only
welcomed but sought after.

Vitamin C and Cancer has been a subject of much controversy. We think the
main reason for this dispute has been a lack of knowledge probably due to lack of
reliable scientific information. We should add to this that most available informa-
tion on the subject are case reports and clinical observations or experiences lacking
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proper scientific follow-up. We hope to contribute with this book in trying to fulfill
such need and at the same time provide some light on the existing debate on its use
as an adjuvant in Cancer therapy.

Well without further preamble...

Here we go...

Michael J. Gonzalez
Jorge R. Miranda-Massari
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Chapter 1
Overview of Vitamin C and Cancer

History of Vitamin C: A Briefing

In 1536, the French explorer Jacques Cartier, while exploring the St. Lawrence
River, used the local natives’ herbal medicine knowledge to save his men who were
dying of scurvy. He boiled the needles of the arbor vitae tree to make the healing tea
(that was later shown to contain about 50 mg of vitamin C per 100 g) [1].

In the winter of the year 1556, there was a scurvy epidemic that plagued Europe.
A lack of fruits and vegetables in those cold winter months had caused the outbreak.
While this was one of the earliest documented scurvy epidemics, not much research
was done in effort to understand, more less cure this disease until many centuries
later.

The earliest documented case of scurvy was described by Hippocrates around
the year 400 BC, but the first attempt to provide a scientific basis for the cause of
this disease was by British Royal Navy ship’s surgeon, Dr. James Lind. Scurvy was
common among those with poor access to fresh fruit and vegetables, such as
remote, isolated sailors, and soldiers. While at sea in May 1747, Dr. Lind provided
some crew members with two oranges and one lemon per day, in addition to normal
rations, while others continued on cider, vinegar, sulfuric acid, or seawater, along
with their normal rations. In the history of science, this is considered to be the first
controlled experiment comparing results on two populations with a factor applied to
one group only with all other factors remaining the same. The results conclusively
demonstrated that citrus fruits prevented the disease. Dr. Lind published his work in
1753 in his “Treatise on the Scurvy” [2].

In 1912, the Polish American biochemist Dr. Casimir Funk, while researching
deficiency diseases, developed the concept of vitamins to refer to the non-mineral
micronutrients which are essential for health. The name is a combination of “vital,”
due to the vital role they play biochemically, and “amines” because Dr. Funk
thought that all these chemicals were amines. One of the “vitamins” was thought to
be the antiscorbutic factor, long thought to be a component of fresh plant material.

© The Author(s) 2014 1
M.J. Gonzalez and J.R. Miranda-Massari, New Insights on Vitamin C and Cancer,
SpringerBriefs in Cancer Research, DOI 10.1007/978-1-4939-1890-4_1
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From 1928 to 1933, the Hungarian research team of Dr. Joseph L Svirbely and
Dr. Albert Szent-Gyorgyi and, independently, the American scientist Dr. Charles
Glen King first isolated the antiscorbutic factor, calling it “ascorbic acid.” Ascorbic
acid was not an amine, nor even contained any nitrogen. Dr. Szent-Gyorgyi was
awarded the 1937 Nobel Prize in Medicine “for his discoveries in connection with
the biological combustion processes, with special reference to vitamin C and the
catalysis of fumaric acid” [3].

Between 1933 and 1934, the British chemists Sir Walter Norman Haworth and
Sir Edmund Hirst and, independently, the Polish chemist Dr. Tadeus Reichstein
succeeded in synthesizing the vitamin, making it the first vitamin to be artificially
produced. This made possible the cheap mass production of vitamin C. Haworth
was awarded the 1937 Nobel Prize in Chemistry for this work.

In 1933, Hoffmann La Roche became the first pharmaceutical company to mass-
produce synthetic vitamin C, under the brand name of Redoxon.

In 1957, the American scientist Dr. J. J. Burns showed that the reason some
mammals were susceptible to scurvy was the inability of their liver to produce the
active enzyme L-gulonolactone oxidase, which is the last in the chain of four
enzymes which synthesize vitamin C. American biochemist Dr. Irwin Stone was the
first to use vitamin C for its food preservative properties. He later developed the
theory that humans possess a mutated form of the L-gulonolactone oxidase coding
gene. Dr. Stone wrote in 1972, the book “The Healing Factor: Vitamin C Against
Disease” [4]. In 1952 Vitamin C was first proposed as a chemotherapeutic agent by
McCormick [5].

General Mechanisms of Vitamin C

Biochemistry of Vitamin C

Vitamin C (ascorbic acid, ascorbate Cg, Hi», Og) is a six-carbon ketolactone with a
molecular weight of 176.13 g/ml which is synthesized from glucose by many
animals. Vitamin C is synthesized in the liver in some mammals and in the kidney
in birds and reptiles. However, several species, including humans, non-human
primates, guinea pigs, and Indian fruit bats, are unable to synthesize vitamin C.
When there is insufficient vitamin C in the diet, humans suffer from the potentially
lethal deficiency disease scurvy. Humans and primates lack the terminal enzyme in
the biosynthetic pathway of ascorbic acid, I-gulonolactone oxidase. Vitamin C is an
electron donor (reducing agent or antioxidant). Vitamin C acts as an electron donor
for eight enzymes.

A basic biochemical role for ascorbic acid (ascorbate, AA) is to accelerate
hydroxylation reactions in a number of biosynthetic pathways. In many of these
reactions, ascorbate directly or indirectly provides electrons to enzymes that require
prosthetic metal ions in a reduced form to achieve full enzymatic activity. The best
known biochemical role of ascorbate is that of cofactor for prolyl and lysyl
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Fig. 1.1 Glucose conversion to ascorbic acid sequence

hydroylase enzymes in the biosynthesis of collagen [6]. The molecular structures of
ascorbic acid and its oxidized form dihydroascorbic acid are similar to that of
glucose (see Fig. 1.1).

Biological Functions of Vitamin C

Vitamin C was isolated by Szent-Gyorgyi in 1928. The vitamin plays a key role in
several biological functions including the biosynthesis of collagen and L-carnitine,
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cholesterol metabolism, cytochrome P-450 activity, and neurotransmitter synthesis.
Vitamin C is also essential for the efficient functioning of the immune system.
Moreover, it is a major water-soluble antioxidant quenching potentially damaging
free radicals resulting from metabolic respiration. Acute lack of vitamin C leads to
scurvy, a disease marked by connective tissue damage and blood vessel fragility
eventually resulting in death.

Vitamin C (pk = 4.2) is an essential vitamin for humans [7]. Scurvy, the defi-
ciency disease arising from the lack of vitamin C, can reach a life-threatening level
and even death [8]. Most mammals synthesize ascorbate from glucose; however,
humans and other primates lack the enzyme (L-gulonolactone oxidase) required for
its synthesis [9]. Irwin Stone proposed, in 1965, that a mutation may have occurred
in these species resulting in the loss of the ability to produce vitamin C. Vitamin C
is considered the most important antioxidant in extracellular fluid [10]. Vitamin C is
a water-soluble compound distributed throughout the body, with high concentra-
tions found in a number of tissues including the eye lens, white blood cells,
adrenals, and pituitary glands [6]. Normal plasma concentrations of ascorbic acid
are about 0.6-2.0 mg/dL. These tissues (eye lens, adrenals, and pituitary) contain at
least twice this amount. Vitamin C is also required in the synthesis of carnitine from
lysine [11], neurotransmitter synthesis [6], cytochrome P-450 activity, cholesterol
metabolism, and detoxification of exogenous compounds [9, 12], and as an anti-
oxidant [10]. In addition, when given in large doses (mainly intravenous), vitamin
C may function as an ergogenic aid. To our knowledge, this biochemical role has
not been previously described in the literature, although there is evidence of vitamin
C increasing cell respiration and ATP production in osteoblasts [13]. This newly
proposed function of vitamin C may be of great relevance to patients suffering
chronic-degenerative diseases, especially those with chronic fatigue syndrome,
AIDS, and cancer. We suggest that this ergogenic activity reported for large doses
of ascorbate is probably due to ascorbate’s oxidation reduction potential, capable of
providing necessary electrons to the electron transport system in the mitochondria
for increased energy production. This participation of vitamin C in electron
transport reactions was postulated 71 years ago by Szent-Gyorgyi [14]. Vitamin C
helps against various diseases such as diabetes by reducing glycolysation, which is
an abnormal attachment of sugars to proteins [15].

Aspects of Vitamin C Dosing

Dosing Vitamin C: The Evolutionary Perspective

Ever since Albert Szent-Gyorgyi first isolated ascorbic acid and identified it as
vitamin C in the late 1920s, controversy has ensued. There is continuing debate
within the scientific community over the best dose schedule (the amount and fre-
quency of intake) of vitamin C for maintaining optimal health in humans.
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People seem to vary widely in their requirements for vitamin C. The RDA for
vitamin C is based on twice the amount of vitamin C needed to prevent scurvy as
well as on the threshold of the vitamin C needed to spill vitamin C into urinary
excretion. Moreover, the RDA for vitamin C is based on estimates of vitamin C
absorption, on losses associated with food preparation, and on estimated rates of
depletion, turnover, and catabolism. Levine postulated that to establish an RDA for
a vitamin, it is necessary to determine vitamin concentrations in plasma and tissues.
Initially, the RDA for vitamin C was based on the amount needed to prevent people
from getting scurvy with a safety margin but this may not lead to optimal health.

The current RDA of 60 mg/d is clearly far too low, and the proposed new RDA
of 200 mg/d while perhaps may be adequate for healthy, young males would seem
to be quite inadequate for older people and certainly too low for sick people.

Irwin Stone, Linus Pauling, and others have argued that the level of vitamin C
intake needed to promote optimal health is far greater than the RDA and far greater
than the amount found in a typical diet. To support this argument, Stone pointed out
that humans are among a small group of species that are unable to synthesize
vitamin C. Stone named this genetic defect hypoascorbemia, in reference to the
abnormally low levels of vitamin C that can exist in species that are unable to
synthesize vitamin C. He hypothesized that “full correction” of this inborn error of
metabolism would require supplying the individual with as much vitamin C as the
liver would be synthesizing if the genetic defect was not present. It is possible that
some benefit can be derived from having the blood and tissues saturated with
vitamin C and from large amounts of the vitamin being excreted in the urine and
sweat. For example, because vitamin C has anti-viral and anti-bacterial activity,
excretion of large amounts in the urine and sweat might help prevent urinary tract
and cutaneous infections.

Researchers skeptical of the value of high-dose vitamin C have pointed out that
when vitamin C intake is high, further increases in intake produce only small
increases in plasma or tissue levels of the vitamin. However, as suggested by
Pauling, the human body might be sensitive to small changes in plasma or tissue
vitamin C levels. There are many examples of substances in body fluids for which a
10-25 % change in concentration has clinical consequences, e.g., glucose, sodium,
calcium, chloride, and hemoglobin. Therefore, the absence of dramatic changes in
plasma and tissue vitamin C levels does not rule out the possibility that large doses
of the vitamin can be beneficial.

Vitamin C intake has been found to speed resolution of upper respiratory tract
infections in young people. Students who supplemented with hourly doses of
1,000 mg of vitamin C for 6 h and then three times daily thereafter exhibited an
extraordinary 85 % decrease in cold and flu symptoms compared to those who took
pain relievers and decongestants for their infectious symptoms [16]. These benefits
of improved healing are not limited to children and young adults. Elderly patients
that were hospitalized with pneumonia or bronchitis showed substantial improve-
ment following supplementation with vitamin C [17]. Dr. Steve Hickey proposed in
2005 an elegant model of Vitamin C pharmacokinetics, the dynamic Flow in which
a specific oral dosing scheme achieve the maximal blood concentrations [18].
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Rethinking the Classical Vitamin C and Cancer
Controversy

In the late 1970s and early 1980s, a debate ensued between Dr. Linus Pauling
(Linus Pauling Institute) and Dr. Charles Moertel (Mayo Clinic) due to conflicting
results on studies on vitamin C and cancer [19-21]. To make the story short, the
Pauling and Cameron studies utilized historical controls and were positive, while
the Mayo Clinic studies were done in a prospective randomized double-blinded
fashion and had negative results. The Mayo Clinic studies were done with the
accepted experimental design used to clarify initial observations, but did not truly
replicate the Cameron and Pauling studies (used a lesser dosage, less time). This
issue has been reviewed elsewhere [22].

A critical point of both studies (Mayo Clinic and Pauling’s) is that they used oral
doses of ascorbate of about 10 g. Given the saturable gastrointestinal absorption and
the nonlinear renal clearance [23], oral absorption of vitamin C cannot achieve
plasma concentrations comparable to those obtained by intravenous administration
[24]. Plasma concentrations of ascorbic acid rise as the dose ingested increases until
a plateau is reached with doses of about 150-200 mg daily.

Moreover, there is a recent report on vitamin C as a toxic agent against cancer
cells when given intravenously [25]. The doses we are advocating for therapy are
substantially higher doses (25-200 g) and most importantly are given intrave-
nously. We believe intravenous administration is more effective, because plasma
levels of ascorbate can reach higher levels than those attained by oral intakes and
these higher levels can be sustained for longer periods of time. These two aspects
seem necessary to produce a selective toxic effect by vitamin C on cancer cells. We
are attempting to reach plasma levels that are 100 times higher than those that can
be achieved by oral administration.

Contradictory Data on Vitamin C and Cancer

There are some seemingly contradictory studies regarding the effect of vitamin C
(Ascobic Acid, AA) and its effect on cancer cells. AA has been reported to enhance
chemical carcinogenesis in a rodent model [26-28]. This action may be due to the
pro-oxidant activity of AA and the subsequent enhancement of free radical formation
by the chemical carcinogen 7,12-dimethylbenz[a]anthracene (DMBA). In another
study, AA in low concentrations was found to be an essential requirement for the
growth of murine myeloma cells in cell culture [29]. In contrast, further studies by
the same group reported that AA inhibited growth at higher concentrations [30].
Also, Vitamin C at low doses (25 pg/mL) without any other added antioxidants has
been reported to stimulate growth of malignant cells, while inhibiting their growth at
higher doses (200 pg/mL) [31]. These studies constitute a very important contri-
bution in terms of understanding AA dose effect on malignant cells. In addition,
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these studies help determine a therapeutic dosing range of AA for cancer, specifi-
cally the proper dose and the concomitant use of synergistic nutrients. Therefore,
instead of being contradictory, these studies actually reinforce the importance of
using high-dose AA to achieve a chemotherapeutic effect.

Intravenous Vitamin C Essentials

General Information on Intravenous Vitamin C

Physiological concentrations of vitamin C (L-ascorbate or L-ascorbic acid) in the
body are controlled through intestinal absorption, tissue accumulation, and renal
reabsorption and excretion. Therefore, intravenous administration is used to achieve
pharmacologic doses not attainable by other means.

In relation to cancer, high-dose intravenous vitamin C (>0.5 g/kg body weight)
has several effects: (a) cytotoxicity for cancer cells, but not for normal cells, (b)
improved quality of life for cancer patients, (c) protection of normal tissues from
toxicity caused by chemotherapy, (d) reinforcement of the action of radiation and
some types of chemotherapy, (e) immune system enhancement, and (f) strength-
ening of collagen and hyaluronic acid.

To date, no randomized controlled clinical trial with high-dose intravenous
vitamin C as cancer therapy has been published. A number of Phase I clinical trials
(see section on Phase 1 studies) confirm the non-toxic nature of the treatment and
give indications of improvement in quality of life (see section on quality of life).
Several case reports show a positive effect on survival time, even showing cancer
remission (see section on case reports).

High-dose vitamin C is essentially non-toxic. Reported side effects are minor if
patients are adequately screened for renal disease and glucose 6-phosphate dehy-
drogenase deficiency and when doses are gradually increased with careful moni-
toring of the patient.

Application and Dosage

Vitamin C can be administered via several routes including orally. This treatise only
discusses the intravenous administration of high doses of vitamin C (>0.5 g/kg
body weight).

Phase 1 dose-finding studies recommend the use of 1.5 g intravenous vitamin C
per kg body weight three times weekly. In further clinical research, it is advised to
start treatment with a lower dose, and, if no adverse events are observed, to
gradually increase doses to their final desired level [32-34]. The dose of 1.5 g/kg
body weight was found to be safe and to be capable of achieving plasma ascorbic
acid concentrations of more than 10 mM for several hours in patients with normal
renal function.
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Ascorbic acid solutions for clinical infusion might be unstable over time,
especially if given in conjunction with B complex [35-37].

In the late 1990s, it was found that vitamin C concentrations in plasma and
tissues were tightly controlled through intestinal absorption, tissue accumulation,
and renal reabsorption and excretion [38—40]. As a result, it was very difficult to
increase plasma and tissue concentrations with oral intakes of vitamin C. However,
intravenous administration bypassed this tight control until equilibrium was
restored through renal excretion. In healthy volunteers, oral administration of the
maximum tolerated dose of 3 g every 4 h resulted in peak plasma concentrations of
0.22 mM, while an intravenous vitamin C dose of 50 g produced a peak plasma
concentration of 13.4 mM [41]. Comparable results were found in cancer patients
[32, 42, 43].

Hence, the IV route of administration is critical in achieving pharmacologic
concentrations of vitamin C needed to attain antineoplastic activity, which calls for
a re-evaluation of vitamin C in cancer treatment [44].

Most Relevant Mechanism(s) of Action

At low physiological concentrations (0.1 mM), vitamin C works as antioxidant that
inactivates reactive oxygen species [45]. However, at high pharmacologic con-
centrations (up to 20 mM), it was found to have a pro-oxidant action generating
oxidative species, i.e., extracellular hydrogen peroxide, which is lethal to cancer
cells [46, 47]. Normal cells were unaffected by both concentrations of vitamin C. In
vitro findings were confirmed in rats and mice, where virtually the same cancer-
killing hydrogen peroxide concentrations were found in extracellular fluid, but not
in blood, after intravenous administration of high-dose vitamin C, oral doses did not
result in generation of hydrogen peroxide [48-50]. It was proposed that extracel-
Iular hydrogen peroxide diffuses into cancer cells and mediates toxicity by ATP
depletion, thereby causing cell death. Moreover, hydrogen peroxide toxicity com-
promises membranes, glucose metabolism, and DNA integrity. In normal cells,
hydrogen peroxide is readily neutralized by antioxidant enzymes such as catalase,
gluthatione peroxidase, and superoxide dismutase, while levels of these antioxidant
enzymes are low or imbalanced in most human cancers [51]. (For other mecha-
nisms, see references on Chap. 8).

Daily high-dose intravenous vitamin C significantly decreased the volume of
tumors in mice by 41-53 % for diverse aggressive cancer types [49]. Inhibition of
tumor growth was also found in other mouse models of human cancers and human
cancer cell lines [50, 52-57].
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Prevalence of Use

Mainstream oncologists do not use high-dose intravenous Vitamin C therapy for
cancer, but the compound is in wide use by complementary and alternative med-
icine practitioners [58].

Cost and Expenditure

Vitamin C infusions, to be applied by a medical practitioner, are widely available at
moderate cost ($ 100.00-$ 300.00 per infusion in a clinic).

Adverse Events/Contraindications

Vitamin C itself is essentially non-toxic. In general, adverse events after high-dose
intravenous vitamin C were mild [32, 58, 59], consistent with side effects occurring
due to rapid infusion of any high-osmolarity solution, and were preventable by
drinking water before and during the infusion [32].

Hemolysis in G6PD Deficiency

Patients with glucose 6-phosphate dehydrogenase deficiency were found to be at
risk to experience hemolysis (breakdown of red blood cells) following adminis-
tration of high doses of vitamin C [60, 61]. Patients should therefore be tested for
G6PD deficiency before they are given large doses of vitamin C intravenously. The
highest prevalence of G6PD deficiency is found in African Americans, Asians, and
individuals of Mediterranean descent. While the hemolytic effect of vitamin C in
patients with G6PD deficiency seems dose related, it is not known what dosage of
intravenous vitamin C would be safe for these individuals. Numerous practitioners
administer 1-5 g of vitamin C intravenously as a component of the Myers’ cocktail
without first testing for G6PD deficiency without any problem. Among the many
thousands of patients who have received this treatment, there have been no reports
of severe hemolytic episodes. However, it is possible that minor episodes of
hemolysis have gone unrecognized.

A concern is life-threatening bleeding (hemorrhage) and rapid necrosis of tumors
that may occur in cancer patients given large doses of intravenous vitamin C [62].
Authors therefore advised a slow gradual increase of intravenous vitamin C while
monitoring the patient with a high tumor burden. However, in the 28 years of
administering intravenous vitamin C at the Center for the Improvement of Human
Functioning, they never had an episode of tumor necrosis. Patients may become
very ill because their bodies could not cope with the sudden task of getting rid of
such a large mass of dead tissue. This is a concern mainly for patients suffering
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from end-stage disease with a considerable tumor load, and highly aggressive,
rapidly dividing tumors. This might be the main reason not to overload the body’s
detoxification systems (skin, kidneys, colon, and liver) while on vitamin C therapy.

Kidney Stones and Oxalosis

It has frequently been claimed that ingestion of large doses of vitamin C can
increase the risk of calcium oxalate kidney stones, because vitamin C is converted
in part to oxalate. Oxalic acid is an end product of metabolic oxidation of vitamin
C. Oxalate nephropathy has been reported after administration of intravenous
vitamin C in subjects with renal dysfunction [63, 64]. However, in people with
normal renal function, only about 2 % of large doses intravenous vitamin C (1.5 g/
kg body weight) was found in the urine as oxalic acid 6 h after infusion [65].
However, the hyperoxaluria associated with the use of high-dose vitamin C has
been found to be due primarily to a laboratory artifact, resulting from the con-
version of vitamin C to oxalate ex vivo, i.e., after it has left the body, while it is in
the collection bottle. If there is a small increase in urinary oxalate resulting from
ingestion of large doses of vitamin C, that increase might be counterbalanced by
other effects of the vitamin. For example, vitamin C binds calcium in the urine,
potentially reducing the formation of calcium oxalate crystals; produces a small
increase in urinary acidity, thereby increasing calcium oxalate solubility; and
possibly decreases urinary stasis by promoting diuresis. Various studies have found
either that vitamin C intake is not associated with kidney stone risk or that higher
intake is associated with a lower incidence of kidney stones [66—71] and found no
evidence of vitamin C increasing the risk of kidney stone formation.

Moreover, practitioners who have routinely used large doses of vitamin C have
not observed kidney stones as a side effect. Despite the apparent safety of vitamin C
for the general population with respect to kidney stone risk, there are rare cases in
which high-dose vitamin C appeared to cause an increase in urinary oxalate levels.
Hence, in this population, the risk of oxalate crystallization in the kidney was not
increased, in particular since calcium oxalate stones develop over months to years.
Therefore, research results conclude that high-dose intravenous vitamin C may be
contraindicated in people with renal dysfunction, and a history of kidney stones
should be reviewed.

General Safety and Toxicity Considerations of High Doses
of Vitamin C

Vitamin C is remarkably non-toxic at high levels (10-100 times the RDA when
taken po). Nevertheless, some minor toxic effects have been reported. These side
effects include acidosis, oxaluria, renal stones, glycosuria, renal tubular disease,
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gastrointestinal disturbances, sensitivity reactions, conditioned need, prothrombin
and cholesterol disturbances, vitamin B12 destruction, fatigue, and sterility [72]. Of
these side effects, gastrointestinal disturbances are perhaps the most consistent and
prevalent problem following the ingestion of large quantities of oral ascorbic acid
since nausea, abdominal cramps, and diarrhea are frequently mentioned as negative
side effects. These effects are lessened or eliminated by taking ascorbic acid as a
buffered salt or immediately after meals. The amount of oral vitamin C tolerated by
a patient without producing diarrhea increases in proportion to the stress or severity
of his ailment [73]. Bowel tolerance doses of ascorbic acid ameliorate the acute
symptoms of many diseases. Lesser doses often have little effect on acute symp-
toms, but assist the body in handling the stress of disease and may reduce the
morbidity of the disease [74]. Many of the toxic effects reported for taking large
amounts of vitamin C in reality are insignificant, rare, and of minor consequences.
Also while on vitamin C therapy, intake of inorganic selenium (Na selenite) should
be avoided. A possibility exists that ascorbic acid may reduce selenite and render it
unavailable for tissue uptake [75].

In relation to vitamin C given intravenously, no ill effects have been reported
with doses as high as 150-200 g over a 24-h period [42, 76—81]. Vitamin C is more
efficient when administered intravenously than when given orally because it
bypasses the gut and higher circulating levels are achieved for longer periods of
time. Vitamin C has a unique advantage relative to other currently utilized remedies
for cancer, and it is generally harmless and safe even at sustained high doses for
prolonged periods of time. Evidence supports the concept of using high-dose
intravenous vitamin C for extended periods, in doses high enough to achieve and
maintain plasma levels above those which have been found to be preferentially
cytotoxic to tumor cells [33, 77, 78]. Vitamin C is one of the safest substances
available to the physician.
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Chapter 2
Anticancer Mechanisms of Vitamin C

Cancer Preventative Mechanisms of Vitamin C

Antioxidant Properties of Vitamin C

Vitamin C is considered a very strong reductant and radical scavenger. Vitamin C
reduces unstable oxygen, nitrogen, and sulfur radicals. In addition, it acts as pri-
mary defense against aqueous radicals in blood [1, 2]. In studies with human
plasma, vitamin C protected plasma lipids against peroxidative damage induced by
aqueous peroxyl radicals [3]. Thus, by efficiently trapping peroxyl radicals in the
aqueous phase before they can reach the lipid-rich membranes and initiate lipid
peroxidation, vitamin C can protect bio-membranes against primary peroxidative
damage. Vitamin C may also protect membranes against lipid peroxidation due to
its synergistic antioxidant function with vitamin E. Vitamin C may enhance or
reinstate the activity of tocopherol (vitamin E), the principal lipid soluble antioxi-
dant [1]. Vitamin C reacts with the tocopheroxyl (chromanoxyl) radical that arises
in cell membranes as a result of vitamin E antioxidant activity; and simultaneously
regenerates tocopherol and transfers the oxidative challenge to the aqueous phase
[3]. At this point, the less reactive ascorbate radical can be enzymatically reduced
back to ascorbic acid by an NADH-dependent system [4—6]. This probably explains
how ascorbate reduces nitrates and prevents the formation of carcinogenic nitros-
amines [7]. Vitamin C is found naturally in the following foods: broccoli, cabbage,
potatoes, peas, red peppers, brussel sprouts, kale, cauliflower, cantaloupe, straw-
berries, mangoes, tangerines, orange, grapefruit, lemons, and limes.
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Primary Anticancer Mechanisms of Vitamin C

Oxidative, Oxidant, and Pro-oxidant Properties of Vitamin C

Vitamin C not only possesses antioxidant activity, but also can generate cytotoxic
activity at higher concentrations [8—10]. It has also been suggested that vitamin C
may promote oxidative metabolism by inhibiting the utilization of pyruvate for
anaerobic glycolysis [11]. Vitamin C in high concentrations inhibits prostaglandins
of the 2-series (arachidonic acid derived), which have been correlated with
inflammation and increased cell proliferation [12]. A growth inhibitory action has
been reported for vitamin C or its derivatives in at least seven types of tumor cells
[13—-19]. This inhibitory activity was not observed in normal fibroblasts [13—18],
while other researchers have reported a fibroblast inhibition [19-23]. Nevertheless,
all reports concur that this cytotoxic effect produced by vitamin C in an array of cell
lines (mostly malignant) has been associated with its pro-oxidant activity [8,
24-30]. Vitamin C and its radical potentiate the activation of transcription factor
NF-kappa B, which has been associated with inhibition of cell growth [31].

Hydrogen Peroxide and Vitamin C

Vitamin C can generate hydrogen peroxide (a reactive oxygen species) upon oxi-
dation (with oxygen) in biological systems [32—34]. This action can be enhanced by
divalent cations such as iron and copper [10, 24, 35]. Hydrogen peroxide may
further generate additional reactive species, such as the hydroxyl radical and sec-
ondary products of oxidation, such as aldehydes. These reactive species can
compromise cell viability mainly by damaging the cell membranes and mito-
chondria. Malignant cells are relatively deficient in catalase activity [27, 35-40].
However, these oxidative reactions may only form in minute quantities in healthy
organisms. This is mainly because most transition metal ions are bound to proteins
in serum, which makes them unavailable to participate in biochemical reactions
[41]. Nevertheless, these oxidation reactions may take place in pathological states
such as malignancy, in which cohesive forces that inhibit the liberation of the metal
ion from the proteins as well as the control of the cell’s replication mechanisms are
drastically reduced [41]. These reactive species are capable of inducing multiple
negative cellular effects such as DNA strand breaks, disruption of membrane
function via lipid peroxidation, and depletion of cellular ATP [39]. The failure to
maintain high ATP production (cell energy level) may be a consequence of oxi-
dative inactivation of key enzymes, especially those related to the Krebs cycle and
the electron transport system. A distorted mitochondrial function (transmembrane
potential) may result. This aspect could be suggestive of an important mitochondrial
involvement in the carcinogenic process [42]. In this respect, vitamin C may serve
yet another metabolic and physiological function by providing reductive energy, i.
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e., the electrons necessary to direct energy pathways in the mitochondria [43—47].
Interestingly, vitamin C has been detected within the mitochondria where it is also
regenerated [48].

In general, the cytotoxicity induced by vitamin C seems to be primarily mediated
by hydrogen peroxide [13-16, 21, 36, 49-51]. Of interest, is the observation that in
proliferating cells very low levels of hydrogen peroxide (3—15 pM) stimulate cell
division, whereas greater concentrations induce cell growth arrest, apoptosis and/or
necrosis [50]. It has also been shown that the amount of hydrogen peroxide gen-
erated by the cells was proportionally dependent on the vitamin C concentration and
inhibited by serum [20, 51-53]. Human serum, as part of its normal contents, has
certain proteins such as albumin and glutathione with antioxidant capacity that may
stabilize vitamin C (directly or indirectly by chelating available transition metals).
In addition, serum contains antioxidant enzymes such as catalase, which decom-
poses hydrogen peroxide. Other antioxidant enzymes including glutathione per-
oxidase and superoxide dismutase complement the catalase enzymatic function.

Hydrogen peroxide is most likely generated during ascorbate’s metabolic oxi-
dation to dehydroascorbate. Hydrogen peroxide reduces cellular levels of thiols and
can initiate membrane lipid peroxidation [13-19, 35-37, 49, 54-56]. As previously
mentioned, the antiproliferative action of vitamin C in malignant cultured cells,
animal, and human tumor xenografts has been augmented by the addition of the
cupric ion, a catalyst for the oxidation of vitamin C [19, 24-26, 57-59]. In addition,
the combination of vitamin C and copper has been shown to inactivate lactate
dehydrogenase [60], the enzyme responsible for the reduction of pyruvate to lactate
(a metabolic dead end product prevalent in anaerobic environments such as in
cancer). Copper in the form of copper sulfate may also inhibit tyrosinase activity
[61, 62]. It has also been suggested that the selective toxicity of vitamin C in
malignant cells may be due to reduced levels of antioxidant enzymes, catalase,
superoxide dismutase, and glutathione peroxidase [63] in these cells, leading to
cellular damage through the accumulation of hydrogen peroxide [29, 57, 64—-68].
There is a 10- to 100-fold greater content of catalase in normal cells than in tumor
cells [29, 64].

Furthermore, the addition of vitamin K3 (menadione) to vitamin C produces a
synergistic antitumor activity [69-73]. Since menadione is reduced intracellularly
via one or two electron transfer action (probably by vitamin C), this may lead to
formation of hydrogen peroxide and other reactive oxygen species, concomitant
with the depletion of glutathione. Decreases of glutathione have also been associ-
ated with vitamin C metabolism [74]. Interestingly, a new form of cell death
(autoschizis) has been described for this synergistic vitamin (vitamins C and K)
phenomenon in which tumor cells undergo profound perturbations of cytoskeleton
and membranes that ultimately kill the cells by a form of cell death that is distinct
from apoptosis, oncosis, or necrosis [71-75]. For this reason, the combination of
megadoses of IV ascorbate together with oxygen, vitamin K, lipoic acid, carnitine,
magnesium, Coenzyme Q10, and small doses of copper may seem logical as part of
a non-toxic treatment protocol for cancer. Intravenous administration of vitamin C
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can yield very high plasma levels that seem to be necessary for vitamin C’s toxic
effect on malignant cells [76-79].

Other Vitamin C Oxidation Products with Anti-cancer
Potential

Furthermore, vitamin C oxidation products such as dehydroascorbic acid, 2,3-
diketogulonic acid, and 5-methyl 1-3,4-dehydroxytetrone, all degradation products
of ascorbic acid, have demonstrated antitumor activity [19, 24-27]. In addition,
other compounds arising from the oxidation or degradation of ascorbate can inhibit
tumor growth. The most effective ones are: gamma-cronolactone and 3-hydroxy-2-
pyrone. The available evidence suggests that these vitamin C oxidation products
and/or metabolic by-products have a function in controlling mitotic activity. All
active compounds consist of an unsaturated lactose ring with a double bond con-
jugated with a carbonyl group, suggesting that this particular structural feature of
the lactose ring may be relevant in the antitumor activity [19]. The antitumor
activity shown by these compounds could be due to their ability to produce active
molecular species that inhibit tumor growth such as hydrogen peroxide and certain
aldehydes. Most of these compounds are very unstable and their growth inhibitory
activities could be attributed to their chemical instability which favors the formation
of reactive species. These antiproliferative mechanisms of vitamin C and/or its
oxidation products on tumor cells are probably of a very complex nature, since they
seem to involve a series of pleiotropic chain reactions.

Large amounts of vitamin C intake can change the levels of certain amino acids in
body fluids [80-83] and may deplete the bioavailability of lysine, glutamine and
cysteine, two amino acids which are required for rapidly growing tumors [84].
Experiments using tissue homogenate show that the interactions between vitamin C,
metal ions, and oxygen are capable of inducing structural changes in protein
[82—-84]. These electron transfer reactions need a conductor in order to proceed; and
proteins can serve as electron conductors for these reactions. Metal ions, such as
copper, are good electron conductors because their valence bonds are partially filled.
The resulting molecules contain one or more uncoupled electrons and are very
reactive-free radicals.

Dehydroascorbic acid (the oxidized, nonionic, and more lipid soluble form of
ascorbate) and the semi-dehydroascorbic acid radical have been shown to promote
lipid peroxidation [19]. One of us (MJG) has demonstrated that secondary products
of lipid peroxidation have an inhibitory action on human malignant cell prolifer-
ation [38, 40, 49, 54]. There is evidence to suggest that dehydroascorbic acid may
work as a mitotic inhibitor in vivo [76]. Dehydroascorbic acid may prevent cell
division by inhibiting protein synthesis at the ribosomal level [76]. Interestingly,
prolonged exposure to high concentrations of dehydroascorbic acid may cause
irreparable damage resulting ultimately in complete lysis of the cells [76].
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In summary, there are various oxidative species related to vitamin C biophysi-
ology that may produce a cytostatic or cytotoxic action. Moreover, a synergistic
interaction seems very likely involving these cell growth inhibitory mechanisms.

Secondary Anticancer Mechanisms of Vitamin C: Host
Resistance to Cancer

Vitamin C and Intracellular Matrix

Vitamin C metabolism is associated with other mechanisms known to be involved
in host resistance to malignant disease. Cancer patients are significantly depleted of
vitamin C. This could indicate an increase requirement and utilization of this
substance to potentiate these various resistance mechanisms. Scurvy results from
the severe dietary lack of vitamin C. It is a syndrome of generalized tissue disin-
tegration at all levels, involving the dissolution of intercellular ground substance,
the disruption of collagen bundles, and the lysis of the inter-epithelial and inter-
endothelial cement. This disintegration leads to ulceration with secondary bacterial
colonization, to vascular disorganization with edema and interstitial hemorrhage,
and to generalized undifferentiated cellular proliferation throughout the tissue
reverting to a primitive form [85]. The generalized stromal changes of scurvy are
identical to the local stromal changes observed in the immediate vicinity of
invading neoplastic cells [86]. Thus, stomal resistance may be a physical line of
defense against cancer by encapsulating neoplastic cells with a dense fibrous tissue.
This feature can be enhanced by high doses of vitamin C. Vitamin C also enhances
the resistance of the intercellular ground substance to local infiltration.

A brisk lymphocytic response is a systemic factor indicative of enhanced host
resistance and is associated with a more favorable prognosis of the disease. In order
to proliferate, cells must escape the restraint imposed by highly viscous intercellular
glycosaminoglycans and can do this by the release of the enzyme hyaluronidase
[87]. There is evidence that a physiological hyaluronidase inhibitor is an oligo-
glycosaminoglycan that requires ascorbic acid for its synthesis [88]. Decreases in
hyaluronic acid have been shown to be conducive to cell proliferation [89]. In
addition, ascorbate is involved in the synthesis of collagen. Collagen rich extra-
cellular matrix including the basement membrane is a major barrier to the metastatic
and invasive spread of cancer cells [85]. The intercellular matrix is reinforced by a
tri-dimensional network of interlacing collagen fibers. The amount of collagen
present determines the strength of the tissue and also its resistance to malignant
infiltration. Lack of ascorbate sharply reduces hydroxylation of prolyl and lysyl
residues into hydroxyproline and hydroxylysine, leading to instability of the triple
helix of collagen [90], which is a common feature in scurvy and also present in
cancer. This is also of importance in vitamin C’s role on wound healing including
decubital ulcers, surgery recovery, and other traumatic injuries [91].
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Vitamin C and Immuno-competence

Ascorbate is essential to ensure the efficient working of the immune system. The
immuno-competence mechanisms are a combination of humoral and cell-mediated
defensive reactions with ascorbate involved in a number of ways. In terms of
humoral immuno-competence, ascorbate is essential for immunoglobulin synthesis
[92]. In cell-mediated immunity, immuno-competence is exercised overwhelmingly
by lymphocytes which contain high concentrations of ascorbate relative to other
cells. In addition, ascorbate is required for active phagocytosis [93]. Ascorbate has
also been shown to enhance interferon production [93-95].

Ascorbic acid has other identified functions related to cancer prevention.
Ascorbate is required by the mixed function oxidases for the hydroxylation of
amino acids [85]. The mixed function oxidases are a group of closely related
microsomal enzymes that metabolize many classes of compounds and are partic-
ularly important in the inactivation of chemical carcinogens. Microsomal metabo-
lism of carcinogens yields products generally more water soluble which greatly
increases their rate of excretion. In addition, ascorbate has been shown to protect
against nitrate-induced carcinogenesis [96]. Another important anticancer function
of vitamin C when provided in large quantities is that it enhances the removal of
sodium via the urine thereby reducing the level of sodium ions in the serum. In
cancer, there is a disturbed sodium/potassium ratio. It has been suggested that
vitamin C may also have a role inhibiting prostaglandins of the two series in
carcinoma cells [97, 98]. In the process of prostaglandin biosynthesis, the release of
arachidonic acid from cell membrane phospholipids is implicated as one of the
synergistic signals leading to cell proliferation. Also, vitamin C has been shown to
stabilize p53, a protein involved in cell proliferation control [99, 100].
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Chapter 3
Potential Therapeutics for Vitamin C
and Cancer

Phase 1 Trials, Case Studies, Retrospective Studies, IV
Vitamin C, and Quality of Life

Vitamin C Phase 1 Clinical Trials

High-dose vitamin C has proven to be cytotoxic to a wide variety of cancer cell
lines [1-5], as well as to boost the cytotoxicity of several common chemotherapy
drugs. This has been further confirmed in animal studies, where vitamin C
decreased the growth rates of liver, ovarian, pancreatic, and glioblastoma tumors
with dosages easily achievable in humans [6-9].

There have been a number of clinical trials done with Intravenous vitamin C in
cancer patients. Phase I trials are to be designed to evaluate the safety and tolera-
bility of a new drug, while Phase 1II trials are designed to evaluate the effectiveness
of the treatment.

Riordan et al. conducted a pilot clinical study in 24 late-stage terminal cancer
patients [10]. Patients received 0.15-0.71 g intravenous vitamin C per kg body
weight per day for up to eight weeks as their sole treatment. Adverse events were
minor and the effect on indicators of renal function and blood parameters were
minimal; two patients discontinued intravenous vitamin C, one patient had stabilized
disease during the trial and continued treatment for 48 weeks. Noteworthy, applied
doses of vitamin C were low and plasma concentrations did not exceed 3.8 mM.

Hoffer et al. performed a dose-finding Phase I and pharmacokinetic study in 24
patients with advanced cancer or hematologic malignancy refractory to standard
therapy [11]. Patients received 0.4—1.5 g intravenous vitamin C per kg body weight
three times weekly for up to 30 weeks as only treatment. High-dose intravenous
vitamin C was found to be safe and free of relevant toxicity. Patients receiving 0.6 g
or more of vitamin C per kg body weight maintained a good quality of life
throughout the trial, while patients receiving the lowest dose experienced deterio-
ration. No patient experienced an objective anticancer response.
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Yeom et al. investigated health-related quality of life after intravenous admin-
istration of high-dose vitamin C in 39 terminal cancer patients [12]. All patients
received 10 g of vitamin C intravenously with a 3-day interval combined with a
daily oral intake of 4 g for a week. After administration of vitamin C, patients
reported significantly higher scores for physical, emotional, and cognitive function,
and significantly lower scores for fatigue, nausea/vomiting, pain, and appetite loss;
the other function and symptom scales were not significantly changed.

Monti et al. recruited 14 subjects with metastatic pancreatic cancer to evaluate
intravenous vitamin C in combination with standard treatment of gemcitabine
(1,000 mg/m?2 intravenously, once weekly for 7 weeks) and erlotinib (100 mg orally
per day for 8 weeks) in an open-label, dose-escalating Phase I trial [13].

Patients received three infusions per week of intravenous vitamin C (50, 75, or
100 g) for 8 weeks. Nine subjects completed the study (three in each dosage tier):
seven subjects had stable disease, while the other two had progressive disease.
Pharmacologic vitamin C concentrations were achieved and no increased toxicity
was revealed with the addition of ascorbic acid to gemcitabine and erlotinib in
pancreatic cancer patients.

Stephenson et al. [14] also conducted a phase 1 study. The primary purpose of
this study was to evaluate the safety and tolerability of vitamin C given
intravenously.

The second and third purposes of conducting this study were to observe any
evidence of tumor response to vitamin C and compare the level of fatigue (weak-
ness), pain control, ability to perform, and quality of life, before and after IV
vitamin C was given.

Drisko et al. are conducting a Phase I study in 2 parts to examine safety and
pharmacokinetics of escalating doses of intravenous ascorbic acid, first in healthy
volunteers followed by evaluation in oncology patients. The study will be con-
ducted at the Infusion Clinic at the University of Kansas Medical Center in con-
junction with the Program of Integrative Medicine, Kansas Cancer Research
Institute, Department of Pharmacy, Department of Medical Oncology, the Division
of Surgical Oncology, and with consultants from the NIH and FDA [15].

Case Series/Studies

Cameron and Campbell [16] reported 50 case reports for advanced cancer patients
receiving intravenous and/or oral vitamin C doses (545 g per day, indefinitely) as
their only treatment. Three patients were reported to experience cytostasis and five
had tumor regression, while tumor hemorrhage and necrosis were observed in four
cases. Overall, there was an improvement in patients’ quality of life and no major
side effects were observed. However, some of the patients who experienced a
positive effect on tumor growth did receive oral vitamin C instead of intravenous,
while the treatment period was short and the dosage was rather low compared to
more recent studies.
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Riordan et al. published case reports for eight patients with metastasized cancers
[17-21]. Vitamin C infusions, as sole treatment or combined with conventional
therapy, were generally started at 15 g twice weekly and increased to 30-100 g
twice weekly for long periods of time. In all but one case, complete remission was
observed. Overall, results indicated lack of toxicity.

Drisko et al. described two cases of advanced epithelial ovarian cancer [22].
Both patients were first treated with chemotherapy and oral antioxidants, after
which 60 g intravenous vitamin C was administered twice weekly for one patient in
combination with consolidation paclitaxel chemotherapy. Both patients were dis-
ease-free three years after diagnosis. No toxicity was found.

Padayatty et al. applied the NCI Best Case Series guidelines to three well-
documented cases of advanced cancers, which were confirmed by histopathologic
review [23]. Patients received 15-65 g intravenous vitamin C twice weekly for at
least two months and lower treatment frequencies thereafter, as their only cancer
therapy. In all three cases, remission of cancer was observed.

Noteworthy, for all the successful IV vitamin C case reports, alternative
explanations for cancer remission are possible, e.g., remission due to the therapy
received before intravenous vitamin C was initiated. Moreover, a general weakness
of case reports is that they omit the number of patients having received high-dose
intravenous vitamin C without any effect.

Retrospective Studies

Cameron and Pauling performed two controlled retrospective studies comparing
100 terminal cancer patients receiving 10 g vitamin C per day (intravenously for
about 10 days and orally thereafter, or only oral) with 1,000 historical control
patients that had not received vitamin C. A fourfold-increased average survival time
was found in the vitamin C-treated group [24, 25]. In a database analysis comparing
294 incurable cancer patients having received the above-mentioned vitamin C
regimen with 1,532 that did not, about twofold longer survival was found in the
vitamin C-treated group [26]. The study designs were criticized as they were not
randomized nor placebo controlled. Moreover, some patients were treated with oral
vitamin C, the treatment period with intravenous vitamin C was only about 10 days,
and the doses were rather low.

Vollbracht et al. evaluated the safety and efficacy of intravenous vitamin C
administration in the first postoperative year of women with breast cancer, in an
epidemiological retrospective cohort study [29].

Data from 125 patients were selected of which 53 were treated with intravenous
vitamin C (7.5 g once weekly for a minimum of 4 weeks) additional to standard tumor
therapy, and 72 did not receive additional vitamin C. Administration of intravenous
vitamin C resulted in a significant reduction of complaints induced by the disease and
chemo- or radiotherapy. No side effects resulted by intravenous vitamin C admin-
istration, and no effect on tumor status was seen after 6 or 12 months.
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In human trials, this therapy has been shown to significantly improve quality of
life for breast cancer patients and for patients of multiple other cancers [12-14,
24-26, 29-32].

Another study showed that IV vitamin C significantly reduced inflammation
markers in 76 % of cancer patients, which is important for a better prognosis of the
disease. Just as impressively, the same trial showed that IV vitamin C decreased
tumor markers in 77 % of prostate cancer patients and 73 % of breast cancer
patients [34].

Vitamin C and Quality of Life

Vitamin C has been used in cancer patients either as the only therapeutic inter-
vention or in combination with other antineoplastic agents. There are four* pub-
lished clinical studies were the response and toxicity of vitamin C used alone was
tested in cancer patients. In Table 3.1, we summarize 4 case reports of cancer
patients where vitamin C was used without any other antineoplastic agents. In
Table 3.2, we summarize the information of the clinical studies in cancer patients
were vitamin C was used without other antineoplastic agents. The table presents 9
publications, but one of them is a re-evaluation of the data previously published.

Table 3.1 Published case reports using vitamin C without antineoplastic agents

Diagnosis/number of patients Vitamin C dose | Result References
Histologically proven reticulum Large doses of Very dramatic regres- [35]
cell sarcoma (1 pt) ascorbic acid sion of all parameters

of disease activity

Reduction in dosage
coincided with reacti-
vation of the disease

Reinstitution of regular
high-dose AA induced
a second complete

remission

Reticulum cell sarcoma (1 pt) Mega ascorbic Successfully treated [36]
acid therapy papillary

Developed thyroid

carcinoma
42-year-old man with histologi- Intravenous Two, complete sponta- [37]
cally proven widely dissemi- high-dose neous regressions
nated reticulum cell sarcoma ascorbate
(1 pt) administration
3 well-documented cases of High-dose Patients had unexpect- [26]
advanced cancers, confirmed by intravenous edly long survival
histopathologic review vitamin C times

therapy
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The case reports had the importance of documenting the positive therapeutic
effects of vitamin C in cancer patients like achieving dramatic regression in
parameters of disease activity and also achieving remissions and unexpectedly long
survival times [35-38].

A study was conducted with a group of terminal cancer patients receiving
vitamin C and their results were compared to the results of another group of patients
without vitamin C using a retrospective analysis. The results indicated that the mean
survival time was much greater for the ascorbate subjects than for the controls and
that it is a safe form of treatment is of definite value in the treatment of patients with
advanced cancer. Detractors of this publication claim that since the control group
was selected retrospectively, selection bias could have affected the results [24].

In order to respond to this argument, the authors re-evaluated survival times
using a different definition. The new analysis was published and the increased
survival of the ascorbate-treated patients persisted [25].

At that time, a group from Mayo Clinic conducted two randomized trials [23, 24]
to challenge the results of Cameron and Pauling. In both studies, they found no
appreciable difference in changes in symptoms, performance status, appetite,
weight, or survival curves. They concluded on the basis of both studies, that high-
dose vitamin C therapy was not effective against advanced malignant disease.
However, the design of both of their studies neglected to use the vitamin C in the
intravenous form as in the early studies by Cameron and also by Murata [33] as
well as later studies showing valuable results in quality of life [12, 29].

The early patients in the Japanese study by Murata et al. received oral vitamin
and gradually increased the dose. As experience and knowledge accumulated, they
used the higher doses and the intravenous route of administration. The analysis of
their results revealed that vitamin C in high doses produced a significantly higher
survival and improved quality of life.

Later on, Yeom [12] and colleagues studied 39 terminal cancer patients to
determine the effect of high-dose vitamin C on the quality of life. Patients received
two intravenous vitamin C infusions of 10 g with a 3-day interval and then an oral
dose 4 g vitamin C daily for a week. Demographic data and changes in patients’
quality of life were assessed. Validated questionnaires from the European Orga-
nization for Research and Treatment of Cancer and the global health/quality of life
scale, health score improved significantly after administration of vitamin C
(p = 0.001). Despite being such a short study, it is encouraging to see a significant
improvement in quality of life in terminal condition.

More recently, Stephenson evaluated much higher doses for safety, pharmaco-
kinetics and tolerability of vitamin C as monotherapy in patients with advanced
cancer (solid malignant tumors) [14]. Doses of 70, 90, and 110 g/m2 maintained
levels at or above 10-20 mM for 5-6 h. All doses were well tolerated. No patient
demonstrated an objective antitumor response in this 4-week study.

An important finding consistently reported in the vitamin C and cancer studies in
humans is the improvement in quality of life which is also an important goal of
cancer treatment, and clinical experience shows IV vitamin C consistently achieves
this improvement.
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A prospective study from Korea [12] that we mentioned earlier showed that this
therapy significantly improved quality of life for terminal cancer patients, bringing
the global health/quality of life score from 36 to 55 and yielding improvements in
physical, emotional, and cognitive functions. Disease symptom severity also
decreased across the board, with patients showing significantly less fatigue, nausea/
vomiting, pain, and appetite loss.

These results were also achieved in a study in Germany [29], which compared
breast cancer patients receiving IV vitamin C and standard therapy together, versus
standard therapy alone. Those receiving IV vitamin C experienced a marked
reduction (nearly 50 %) in unpleasant symptoms and chemo/radiotherapy side
effects such as loss of appetite, fatigue, depression, sleep disorders, dizziness, and
hemorrhagic diathesis. Another three studies, one Mexican [30] and two Italian [31,
32], also reported improved quality of life in cancer patients supplemented with
antioxidants which included vitamin C. Before these studies, a Japanese study
utilizing IV vitamin C reported longer survival and improved quality of life in
terminal cancer patients [33].

In the USA, a survey showed that over 8,800 patients were treated with IV
vitamin C in 2,008, using a total of 355,000 dosage vials. But that was just for the
healthcare practitioners taking part in the survey. For the same year, manufacturers
reported sales of 855,000 vials of vitamin C. This implies that as many as 21,000
patients received IV vitamin C therapy in 2008 [39].

Several ongoing clinical trials using IV vitamin C to treat cancer will be com-
pleted between 2013 and 2014, while some others are recruiting [40]. Therefore,
further significant knowledge on various specific aspects of the use of vitamin C in
cancer is expected to be generated and published during the next few years. But
until then, clinical evidence already shows that this therapy can, at the very least,
significantly improve cancer patients’ quality of life. Oncologists should therefore
strongly consider incorporating this therapy to the standard clinical practice.

Vitamin C, Chemotherapy, and Radiotherapy

If a patient with cancer is about to receive chemo- or radiation therapy, the question
of whether the use of vitamin C will be helpful or harmful is important. The only
responsible way to answer this question is to carefully and rationally examine all
the available evidence. When examining the published evidence on the use of
vitamin C in cancer chemo- and radiotherapy, there are many issues that need to be
addressed. Does vitamin C interferes with the efficacy of cancer chemo/radiother-
apy? Does the blood concentration of vitamin C make a difference in patients with
cancer? Is there is a way to give both (vitamin C and chemo) to maximize efficacy
(augmenting cancer cell killing of standard anti-neoplastic agents) and minimize
toxicity of the treatment to the patient? These are some of the questions that we
should address. Since vitamin C is not produced in the body, it must be consumed
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to avoid low levels associated with sub-optimal physiological functioning and
increased risk of disease or mortality.

The high incidence of gastrointestinal problems caused by chemotherapy leading
to malnutrition and the cachexia caused by malignancy, depression, and mucosal
atrophy of the small intestine leading to malabsorption are important risk factors
leading to low vitamin C levels in the patient with cancer and even scurvy. A report
of 6 patients with cancer demonstrated that all of them had a low serum vitamin C
concentration, and their clinical disorder improved with daily administration of 2
grams of vitamin C.

In patients with malignancy, bleeding and gingivitis are not necessarily caused
by the disease or treatment but could be secondary to scurvy. Worsening and death
may occur if this diagnosis is missed and failed to be treated [41].

Low vitamin C levels even scurvy should be considered in patients with cancer.
A study conducted in 50 patients with advanced cancer measured ascorbic acid
concentration in blood and found that 30 % were deficient (<11 pM) and 42 % had
low (11.1-23 pM) concentrations. Low plasma vitamin C concentrations were
associated with shorter survival [41].

The Antioxidant and Chemotherapy Debate in Cancer
Treatment: The Modern Controversy

Vitamin C in cancer therapy stirs controversy. But the focus is not only on whether
vitamin C brings a survival edge, but whether it enhances or undermines standard
cancer therapies. There has been a concern that antioxidants might reduce the
effectiveness of chemotherapy and radiation by reducing the potency of free radicals
necessary for cell killing. This misconception is important because it may prevent
clinicians from utilizing ascorbate as adjuvant therapy for cancer. In relation to
vitamin C, this misconception was due in part to a paper published by Agus, Vera,
and Golde in 1999 [42], in which they described how cancer cells acquire and
concentrate vitamin C.

The authors suggest that this increased intracellular concentration of ascorbate
may provide malignant cells with a metabolic advantage. This suggestion has been
embraced by most practitioners without question, resistance, or further evaluation.
There are important details that need to be discussed in order to better understand
and bring light to this modern controversy.

In general, in one camp are physicians who believe that vitamin C could derail
the beneficial effects of chemotherapy or radiation. In another camp are scientists
who argue that high doses of antioxidants including vitamin C, may not only
protect normal cells during cancer treatment, but may actually help fight tumors.
Complicating this situation is the lack of controlled clinical trials, coupled with the
unknown applicability of the laboratory findings to actual human cancer patients.

A Memorial Sloan-Kettering news release in 1999 stated that it is possible that
taking large amounts of vitamin C could interfere with the effects of chemotherapy
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or radiation therapy. This statement was in reference to the paper that Dr. David
Golde, along with David Agus, MD, and Juan C. Vera, PhD, all of Memorial Sloan-
Kettering, had published in Cancer Research [42]. In this paper, it was shown that
the vitamin C structure is similar to glucose and that it uses the same transporters to
get into the cell. Tumor cells have an increased number of glucose transporters,
which is a known characteristic of cancer. Cancer cells use glucose as its main
energy fuel. To provide enough glucose, the cancer cell has increased a number of
facilitative glucose transporters (GLUTSs). Since vitamin C and glucose have similar
molecular structure, cellular intake of vitamin C is favored in malignant cells.
Certain specialized cells can transport ascorbic acid directly through a sodium
ascorbate co-transporter, but in most cells, vitamin C enters through GLUTs in the
form of dehydroascorbic acid, which is then reduced intracellularly and retained as
ascorbic acid [42]. Ascorbic acid not only acts as an antioxidant, but also has
cytotoxic effects at higher concentrations in cancer cells since ascorbic acid at high
concentrations has pro-oxidant effects (please refer to the section on Primary
Anticancer Mechanisms of Vitamin C in this book).

In their conclusion, Golde et al. stated that an increased intracellular concen-
tration of vitamin C may have effects on tumor growth and in the tumor’s ability to
respond to oxidative stress associated with chemotherapy and radiation.

In addition to stimulation of the immune system and other metabolic functions,
vitamin C in nutritional doses acts mainly as an antioxidant to protect tissues from
cellular damage caused by free radicals. Oxidative mechanisms, however, are one
way in which chemotherapy and radiation therapy inhibit the growth of cancerous
cells. Hence, the reasoning, if many standard cancer treatments act by promoting
oxidation, then increasing an antioxidant such as vitamin C during standard cancer
treatment will be therapeutically counterproductive and of benefit to the tumor.

In multiple laboratory experiments since 1980, Prasad et al. at the University of
Colorado found that high doses of antioxidants such as vitamin C not only can
protect normal cells during cancer treatment but also can help fight tumors [43]. In
this way, antioxidants may actually improve standard cancer therapy. Prasad
explains that the vitamins are selective, inhibiting only the growth of cancer cells.

The hypothesis here is that those normal cells have a homeostatic control for the
uptake of antioxidants such as vitamins C and E. So you can provide high doses of
these antioxidants and normal cells acquire only what’s necessary for their function.

The cancer cells, however, seem to lack this mechanism of control of antioxidant
uptake, and therefore, antioxidants accumulate at a higher level. When it accu-
mulates in cancer cells, the intracellular excess initiates a series of epigenetic events
which results in cell death (apoptosis), growth inhibition, or re-differentiation.

It is not surprising that scientists would see destruction of cancer cells following
administration of vitamin C in vitro. This process is known as the Fenton reaction,
in which metal ions, when combined with a reducing agent such as ascorbate, lead
to a cycle that causes cellular damage. Some scientists are not sure that the Fenton
reaction can occur in the body because there is relatively no free metal ions; copper
and iron tend to be bound in vivo. Nevertheless, the Fenton reaction seems to occur
in the body, since there are free metal ions in plasma, in the brain, in all organs
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especially in the disease state. And if vitamin C is present, it will interact with iron,
copper, or manganese. It is an experimental and clinical fact, that antioxidants at
high doses are selective for inhibiting the growth of cancer cells [43, 44]. Moreover,
we must remember that vitamin C in large doses may show a pro-oxidant activity.

Another truth is that large, well-designed clinical trials on the use of antioxidants
during chemotherapy and radiation are lacking. Nevertheless, we should mention
that of more than 2,300 studies and nearly 5,000 patients reviewed, not a single
study showed any clinical evidence of antioxidant use interfering with chemo-
therapy [44]. Moreover, the preponderance of the evidence points to a synergistic
therapeutic effect in most cases. When antioxidants are included in a person’s
therapeutic regimen, toxicity is reduced and the patient is more successful at
adhering to their chemotherapy regimen [44]. As Dr. Keith Block states, we should
ask “What makes better biological sense and what will provide better clinical
results?” [44].

In vitro studies have shown that vitamin C in high concentrations (but not low
concentrations) enhances the cytotoxicity of 5-FU in a dose-dependent manner in
mouse lymphoma [45]. Data show that dietary antioxidants administered in high
doses inhibit the growth of cancer cells but not normal cells may improve the
efficacy of radiation therapy [46]. Antioxidant vitamins individually or in combi-
nation enhance the growth-inhibitory effects of x-irradiation, chemotherapeutic
agents on tumor cells in vitro. These cofactors, independently reduce the toxicity of
several standard antineoplastic agents on normal cells [46].

A case report on two patients with ovarian cancer stage IIIC documented good
response to treatment of chemotherapy along with high-dose antioxidants. Both
patients received intravenous vitamin C at a dose sufficient to maintain a plasma
concentration above 200 mg/dL. Both had normalization of their CA-125 during the
first cycle of chemotherapy, and after 3 years after diagnosis, there was no evidence
of recurrence of the disease. One of the patients declined further chemotherapy after
the first round and continued on intravenous vitamin C and oral supplementation of
several antioxidants and a multivitamin/mineral [47].

A vast body of literature exists on this topic and is summarized in a series of
articles by Lamson and Brignall [48-50]. These articles indicate that antioxidants
including ascorbate provide beneficial effects in various types of cancers without
reduction of efficacy of chemotherapy nor radiation. In addition, the data show
increased effectiveness of conventional cancer therapeutic agents when given with
antioxidants as well as a decrease in adverse effects [47-51]. Moreover, an article
by Prasad et al. [52] shows similar positive results for the combination of antiox-
idants and conventional treatment. For a more complete review of the topic, see
Moss, 2000 [53].

It has been demonstrated that chemotherapy as well as radiotherapy induce a fall
in plasma antioxidants in cancer patients [54-56]. Extensive in vitro studies and
limited in vivo studies have revealed that individual antioxidants induce cell dif-
ferentiation and growth inhibition to various degrees in rodent and human cancer
cells [52]. In addition, Prasad et al. [57] have shown that high-dose multiple
antioxidants work synergistically in reducing tumor growth of human parotid acinar
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cells in vitro [57]. Finally, a clinical trial in Japan with 99 patients showed that
terminal cancer patients receiving large doses of AA had much longer survival time
(43 versus 246 days) than patients using low ascorbic acid doses [58].

When patients are told that they have cancer, most of them will choose a medical
oncologist to guide and manage their condition because they have specialty training
in the management of cancer. The recommendations given by the oncologist are
based on the results of clinical trials, where patients have received chemotherapy,
radiation, and surgery. Since the treatment guidelines have been developed using
trials where vitamin C was not included, the use of vitamin C is not recommended
because for most practitioners it would become an unknown variable. However,
when looking at the outcomes of over 55 years of research in cancer and over 200
billion dollars [59], it is very disappointing to realize that in the last 50 years, while
there has been a decrease in mortality from heart disease of 64 % and decrease
mortality of cerebrovascular diseases of 74 %, also a decrease in deaths by influenza
and pneumonia of 58 % and for cancer of only 5 % [60]. It would seem obvious that
we need to do something different to improve outcomes.

Cancer patients with unfavorable prognosis that are having limited or poor
response or not tolerating standard therapy may benefit from using concomitant
vitamin C therapy.

Current medical practices should be based in the best available evidence. Here,
we review the available in vitro, in vivo, and clinical studies of vitamin C during
oncological chemotherapy and radiotherapy.

In Vitro/In Vivo Studies

Many in vitro studies have demonstrated synergism between ascorbate and several
antineoplastic agents. (See Table 3.3) In some cases, the effect is not related to
direct killing effect of ascorbate on the cancer cell, but to increase in the sensitivity
of the cell to the antineoplastic agent even in cases of chemotherapy-resistant cells.
There are several mechanisms that have been proposed and researched to explain
the synergistic effect between antineoplastic agents and vitamin C. These include:

. Restoration of reduced drug uptake in resistant cells,

. Modulation of transcription factor AP-1,

. Stabilization P53,

. Decrease telomerase activity,

. Cell-cycle arrest,

. Cell death/apoptosis,

. Inhibition of translocation of NF-kappaB and AP-1,

. Production of H,0,, oxidative stress and necrotic cell death.

0NN~

Beside the independent cytotoxic activity that vitamin C can exhibit in certain
conditions, the capacity to sensitize cancer cell to antineoplastic agents to which
there was previous resistance has been documented.
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The use of ascorbate increases the sensitivity of neuroblastoma cells to 5-FU,
Bleomycin x-irradiation but not to methotrexate and DTIC [61]. Ascorbate was also
found increased cytotoxic effect of doxorubicin to human breast carcinoma [62].

Doxorubicin (DOX), cisplatin (DDP), and paclitaxel (Tx) were tested alone or in
combination for cytotoxicity in two human breast carcinoma cell lines (MCF-7 and
MDA-MB-231) [63]. Both cell lines were resistant to DOX. Both cell lines were
sensitive to Tx. When ascorbate was tested in combination with the antineoplastic at
two concentrations, non cytotoxic (1 microMol) and cytotoxic (100 microMol),
both concentrations were found to improve the cytotoxicity of all antineoplastic
agents significantly [63]. The in vitro study demonstrated that the concentration
required to achieve a cytotoxic effect varies according to the cell line, to the
antineoplastic agent in use and to the concentration of ascorbate.

Vitamin C has demonstrated the ability to enhance the chemo-responsiveness of
certain cancer cells to SFU [46]. Vitamin C was tested in vitro on mouse lym-
phoma, chemo-resistant HEp-2 and human lung fibroblast cell lines [46]. Vitamin C
increased the cytotoxicity of SFU against fibroblast dose-dependently [46]. For the
chemo-resistant HEp-2 cell line, only the highest concentration of AA increased the
cytotoxicity of 5 FU [46]. It was demonstrated that the combination of ascorbate
and 5FU increased the apoptotic effect on the mouse lymphoma. This effect also
occurred with the HEp-2 but was less marked and only at a high concentration.
These findings suggest that vitamin C at high doses has a chemo-sensitizing effect
on certain cancer cell lines that seems to be related to increase in the apoptotic
mechanisms.

Since human papilloma virus is frequently associated with cervical cancer, the
ability of vitamin C reducing the viral transcription and the effect on cervical
carcinoma cell was investigated [64]. It was found that vitamin C down-regulates
the redox sensitive transcription factor AP-1 and reduction in one of its transcription
targets, and stabilizes P53. It was found that vitamin C increases sensitivity to
cisplatin, and etoposide on cervical carcinoma cells by stabilizing P53 using vita-
min C is a novel approach and has potential clinical relevance [64].

The cytotoxic effect of the combination of vitamin C on cisplatin and 5-FU was
measured on esophageal cancer cell lines OE33 and SKGT-4 [65]. When vitamin C
was used along 5-FU or cisplatin, it exerted a significantly enhanced cytotoxic effect
compared to either drug individually. This effect was associated in part to inhibition
of translocation of NF-kappaB and AP-1, and sensitization of cancer cells to drug-
induced cell death [65]. Therefore, vitamin C use may enhance the efficacy of che-
motherapy cisplatin and 5-FU when used for the treatment of esophageal cancer [65].

Pharmacologic or nutritional concentrations of ascorbate do not inhibit the
activity of antineoplastic agents. In fact, the preponderance of the evidence dem-
onstrates additive or synergistic effects [66]. Verrax et al. assessed the interference
of ascorbate with an agent representing each of the five major classes of antineo-
plastic agents [66].

1. Etoposide (non-intercalating topoisomerase targeting drug).
2. Cisplatin (alkylating agent).
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3. 5-Fluorouracil (antimetabolite).
4. Doxorubicin (intercalating topoisomerase targeting drug).
5. Paclitaxel (microtubule-targeting drug).

The experiment was conducted on various cancer cell lines (MCF-7, DU-145,
and T24) using ascorbate alone and each drug at half maximal effective concen-
tration (EC50) without ascorbate and in combination with ascorbate at either
physiologic (50 uM) concentration or pharmacological concentrations (4.5 mM).
The cancer cell lines were exposed for 2 h to the ascorbate and drugs, a protocol
that mimics parenteral use [66].

1. Ascorbate alone

2. Drug (EC50) alone

3. Drug (EC50) + ascorbate 50 uM
4. Drug (EC50) + ascorbate 4.5 mM

It was found that the combination of physiologic ascorbate and drug had a small
improvement in the (cytolytic) effect of the drug, but pharmacologic ascorbate
along with the drug was significantly more effective than the drug alone [66].
Therefore, the results from these experiments suggest that pharmacologic ascorbate
may be useful in the clinical arena to improve the antineoplastic effect of a diverse
group of chemotherapeutic agents used in oncology protocols.

Gemcitabine in combination with pharmacologic concentrations of ascorbate
resulted in a synergistic cytotoxic response in eight pancreatic tumor cell lines
including gemcitabine-resistant cell lines [67]. Pharmacologic ascorbate induces the
production of HO, which may produce synergism which can sensitize cancer cells,
overcoming the resistance to gemcitabine monotherapy. In addition to the in vitro
cell lines results, when treating mice bearing pancreatic tumor with gemcita-
bine—ascorbate combinations, it consistently enhanced inhibition of growth com-
pared to gemcitabine alone [67]. A 50 % growth inhibition was achieved in a tumor
type not responsive to gemcitabine [67]. These results support the study of phar-
macologic ascorbate in adjunctive treatments for cancers prone to high failure rates
with conventional therapeutic regimens, such as pancreatic cancer.

Upon testing the cytotoxicity of ascorbate to malignant mesothelioma (MMe)
cells in combination with drugs used in MMe therapy, synergistic interactions for
ascorbate/gemcitabine and ascorbate/EGCG emerged [68]. Examination of these
synergistic interactions using the caspase 3 and lactic dehydrogenase assays
revealed increased apoptosis and necrosis rates [68].

In Table 3.3, we summarize the findings of the in vitro studies of the effect
vitamin C with various antineoplastic agents; these in some cases include data that
help understand the mechanism of the effect. In Table 3.4, we summarize the
findings on the animal studies (Table 3.5). Finally, Table 3.6 summarizes the
clinical trials of vitamin C in combination with other agents.
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Table 3.5 Published case reports using antineoplastic agents with vitamin C
Diagnosis/number | Antineoplastic Vitamin C dose Result References
of patients agent

Desmoid tumor Indomethacin Large doses of Improved [82]
(3 pts) ascorbic acid response in 2

cases

Stage IIIC Carboplatinum/ 3,000-9,000 mg Well tolerated [22]
advanced ovarian paclitaxel po daily Normalization of
malignancies her CA-125

(2 pts) Good response

of combination

Metastatic can- Most received 15-100 gm iv 2/ Maintained or [85]
cers (5 pts) and standard wk improved

lymphomas chemotherapy efficacy

2 pts) Reduced toxicity
Metastatic breast Chemo- or Oral AsAG Prevented side [84]
(1), metastatic radiotherapy (200 mg/kg) and effects, such as,
unknown primary TMG (1.0 mg/ severe nausea, or

(1), local breast kg) frequent diarrhea

cancer (2), in cancer

cervix (1) therapies

Desmoid tumor Radiotherapy With ascorbic Major regression [83]
invading the bra- (60 Gy) and acid of the mass

chial plexus etodolac

A new malignant human T-cell line-labeled PFI-285 has been isolated from a

boy with malignant lymphoma. Morphologically, the cells had characteristics of
malignant lymphoid cells. A most unusual characteristic was the pronounced sen-
sitivity of the cells to ascorbic acid. Concentrations down to 50 umol/L killed the
cells within hours [69].

Summary of antineoplastic and vitamin C in vitro studies:

. Cell types. In vitro testing included a variety of human and mouse cell lines of
including neuroblastoma, non-small cell cancer, cervical carcinoma, lymphoma,
esophageal, breast, pancreatic, prostate, colon, and pleural.

. Antineoplastic evaluated. Included radiation, 5-FU, bleomycin, methotrexate
dacarbazine vincristine doxorubicin, paclitaxel, cisplatin, etoposide, gemcita-
bine, taxel, epirubicin, irinotecan, oxaliplatin, and vinorelbine.

. Cytotoxicity to tumor cell. Out of a total of 14 studies, 12 demonstrated that
the combination antineoplastic with vitamin C increased cytotoxicity against the
tumor cell lines.

. There were two exceptions to the rule. First, vitamin C in combination with
methotrexate or dacarbazine decreased the cytotoxicity in mouse neuroblastoma
cells. Second, vitamin C inhibited or abrogated all the tested biological activities
of bortezomib.
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3 Potential Therapeutics for Vitamin C and Cancer

5. Antineoplastic effect and mechanisms. In general, the combination of vitamin
C and antineoplastic agents was either partly additive or additive or synergistic,
The mechanisms/effects documented included:

(@)
(b)
(©)
(d)
(e)
(@)
(@
(h)

Restoration of tumor cell drug uptake.

Modulation of transcription factor AP-1.

Inhibition of translocation of NF-kappaB

Stabilization of P53.

Decrease in telomerase activity

Cell-cycle arrest

Increased apoptosis

Radio-sensitization increasing double-strand DNA breaks

6. Conclusions of in vitro studies:

(a)

(b)

(©)

(d)

(e)

®
(@
(h)

(@)

@

Ascorbic acid-sensitive drug uptake mechanism which is important in
mediating VCR resistance per se in human lung cancer cells [62].

High dose of vitamin C in combination with 5-FU chemotherapy enhances
the chemo-responsiveness of cancer cells and serves as a potential sensi-
tizer, especially in chemo-resistant cell lines. One of the mechanisms by
which vitamin C potentiates cytostatics could be apoptosis induction [46].
Ascorbic acid improved the cytotoxicity of doxorubicin, cisplatin, and
paclitaxel against human breast carcinoma. The mechanisms by which
vitamin C potentiates the cytostatics studied are yet unclear [64].
Increasing drug sensitivity of cervical carcinoma cells by stabilizing P53
using vitamin C is a novel approach and has potential clinical relevance
[65].

Vitamin C enhances the antitumor activity of 5-FU and cisplatin. The data
suggest that vitamin C supplementation may improve the efficacy of
chemotherapy for esophageal cancer [66].

Ascorbate inhibited or abrogated all the tested biological activities of
bortezomib [67].

Pharmacologic concentrations of ascorbate killed various cancer cell lines
very efficiently (EC [50] ranging from 3 to 7 mM [66].

The data support the testing of pharmacologic ascorbate in adjunctive
treatments for cancers prone to high failure rates with conventional ther-
apeutic regimens, such as pancreatic cancer [67].

Data indicate that ascorbate/gemcitabine and ascorbate/EGCG affect syn-
ergistically the viability of MMe cells and suggest their possible use in the
clinical treatment of this problematic cancer [68].

Antitumor effects of ascorbate were documented and based on its extra-
cellular action, in the induction of apoptosis, and anti-proliferative effect by
inducing cell-cycle arrest. Ascorbate was enhanced the cytostatic potency
of various chemotherapeutics, which implicates possible therapeutic ben-
efit during tumor treatment [72].
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(k) Ascorbate enhanced the cisplatin sensitivity in human colon cancer cells
and induced apoptosis via up-regulation of p53 [73].

() Pharmacological concentrations of ascorbate radiosensitize gioblastoma
multiforme primary cells to a much greater extent than astrocytes; this large
therapeutic ratio may be of clinical significance in radiation-resistant
cancers [74].

Animal Studies on the Interaction of Vitamin C
and Antineoplastic Agents

Seven animal studies with antineoplastic were conducted in the rodent model in a
small variety of cancer cell lines using radiation and 5 common antineoplastic
agents. The results and conclusions are shown below.

Summary of antineoplastic and vitamin C in animal studies:

1. Cell types/model. In vivo testing included a variety of human and mouse cell
lines of including fibrosarcoma, lymphoma, multiple myeloma, pancreatic, NSC
lung cancer, malignant mesothelioma.

2. Antineoplastic evaluated. Included radiation, cisplatin, bortezomib, cyclo-
phosphamide, gemcitabine, paclitaxel.

3. Effect. The combination of ascorbic acid with the antineoplastic in seven animal
studies between 1993 and 2013 was found that 5 out of 7 demonstrated
improved antitumor effects, prevented metastasis or increased survival. Only
one (bortezomib) had a negative effect decreasing the cytotoxicity to multiple
myeloma cells in mice.

4. Tolerability. In 3 out of 7 studies, it was demonstrated that vitamin C decrease
the adverse effect of the antineoplastic. None of the studies demonstrated
increased adverse effects.

5. Conclusions of animal studies:

(a) Selective protection to radiation adverse effects to normal tissues not
affecting tumor cell response. This suggest that if high-dose ascorbic acid
is given before radiation dose could be increased in cancer patients without
increasing acute complications but with an expected increase in tumor-
control probability [76].

(b) Ascorbic acid enhances the antitumor effect of cisplatin in vivo resulting in
increased life span of tumor bearing mice and tumor-free survivors [77].

(c) Vitamin C can significantly reduce the activity of bortezomib treatment
in vivo which suggests that patients receiving that treatment should avoid
taking vitamin C dietary supplements [78].

(d) The combination treatment with ascorbic acid plus cyclophosphamide
caused further changes in tumor cells showing disintegration in the cell
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surface membrane, disruption in the nuclear membrane and roundish mito-
chondria with reduction and disruption in the mitochondrial cristae [79].

(e) Gemcitabine—ascorbate combinations administered to mice bearing pan-
creatic tumor xenografts consistently enhanced inhibition of growth
compared to gemcitabine alone, produced 50 % growth inhibition in a
tumor type not responsive to gemcitabine, and demonstrated a gemcitabine
dose-sparing effect. These data support the testing of pharmacologic
ascorbate in adjunctive treatments for cancers prone to high failure rates
with conventional therapeutic regimens, such as pancreatic cancer [80].

(f) Taken together, these results suggest that combinational chemotherapy
with vitamin C and paclitaxel not only does not block the anticancer effects
of paclitaxel but also alleviates the cytotoxicity of paclitaxel in vivo and
in vitro [81].

(g) Since the data showed that the active nutrient/drug combination and
treatment is synergistic in vitro on malignant pleural mesothelioma MPM
cells, and blocks in vivo tumor progression and metastasization in REN-
based xenografts, the combination is proposed as a new treatment for
MPM [74].

Studies in Cancer Patients

Case Studies

Two reports with cases of desmoid tumor demonstrated improved response along
with radiotherapy and the use of an anti-inflammatory agent [82, 83]. There is also a
report of 5 cancer patients (metastatic breast [41], metastatic unknown primary [41],
local breast cancer [42], cervix [41] where the use of oral ascorbic acid glucoside
(AsAG) (200 mg/kg) and a-tocopherol monoglucoside (TMG) (1.0 mg/kg) pre-
vented the severe nausea or frequent diarrhea, adverse effects usually associated
with radiotherapy, paclitaxel, or CDDP [84].

Riordan [85-89] and Drisko [90] and reported good tumor response and reduced
adverse effects (toxicity) of chemotherapy when adding vitamin C orally or
intravenously.

Riordan et al. published case reports for eight patients with metastasized cancers
[85-89]. Vitamin C infusions, as sole treatment or combined with conventional
therapy, were generally started at 15 g twice weekly and increased to 30 to 100 g
twice weekly for long periods of time. In all but one case, complete remission was
observed. Overall, results indicated lack of toxicity.

Drisko et al. described two cases of advanced epithelial ovarian cancer [90].
Both patients were first treated with chemotherapy and oral antioxidants, after
which 60 g intravenous vitamin C was administered twice weekly for one patient in
combination with consolidation paclitaxel chemotherapy. Both patients were dis-
ease-free three years after diagnosis. No toxicity was found.
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Clinical Studies and Reports of Antineoplastic Agents with Vitamin C

We found 13 published clinical studies or reports using antineoplastic agents and
vitamin C from 2004 to 2013. The studies were mostly in patients with advanced
disease, recurrent or refractory to previous treatments, except for the Japanese trial
by Takahashi who had 60 newly diagnosed patients. The cancers treated included
several different types such as breast, multiple myeloma, pancreatic and leukemia.
These trials used intravenous vitamin C in a wide range that went from 1 g and up
to 125 g given daily, twice a week, weekly or according to the chemotherapy cycle
schedule. The results from these trials were generally positive. Intravenous vitamin
C was well tolerated in all the doses given [91-104].

Monti et al. recruited 14 subjects with metastatic pancreatic cancer to evaluate
intravenous vitamin C in combination with standard treatment of gemcitabine
(1,000 mg/m? intravenously, once weekly for 7 weeks) and erlotinib (100 mg orally
per day for 8 weeks) in an open-label, dose-escalating Phase I trial [102]. Patients
received three infusions per week of intravenous vitamin C (50, 75, or 100 g) for
8 weeks. Nine subjects completed the study (three in each dosage tier), seven
subjects had stable disease, while the other two had progressive disease. Pharma-
cologic vitamin C concentrations were achieved, and no increased toxicity was
revealed with the addition of ascorbic acid to gemcitabine and erlotinib in pan-
creatic cancer patients.

The therapeutic effects of chemotherapy were maintained or improved. In some
of the studies, a response was observed in 27 % of patients that had been refractory
to numerous previous treatments [93]. In other studies, the vitamin C contributed to
decrease the adverse effects from the complications of the disease or the chemo-
therapy or radiotherapy and also improved the quality of life of patients [98, 101].
And in one study, group using vitamin C had prolonged their mean survival from an
expected 3—5 months to a mean survival of 13 months [104].

Given the good tolerability of intravenous vitamin C at a very wide dosing
range, the benefit of maintaining or improving the therapeutic effect while reducing
the toxicity of the treatment and improving quality of life, sometimes producing
responses in unresponsive tumors and may even have a positive effect on survival,
it is imperative that more studies are conducted to help define the best use of
vitamin C in the management of cancer. Currently over 15 trials are underway in an
effort to better understand the role of vitamin C in cancer management. Some of
these questions remaining to be answered are as follows:

Which cancers are best treated with vitamin C?

When should vitamin C be started?

What dose of vitamin C should be used?

Which specific antineoplastic and vitamin C combination is best for a particular
cancer and stage?
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Conclusion

There are a wide variety of mechanisms by which ascorbate prevents and inhibits
malignant growth. We have described the ones that seem more relevant,
scientifically logical and for which there is the most evidence. The pro-oxidative
effect, the contribution to the electron flow in the mitochondrial energy, the anti-
inflammatory action, the anti-angiogenic effect, the immune supportive function,
and several other factors such as reversion of chemotherapy resistance contributing
in a complex multifactorial way to overcome malignancy. It is very likely that many
of these mechanisms interplay in ascorbate’s anticancer action. The preponderance
of the evidence supports the notion of increasing ascorbate in patients suffering
malignancies, especially provided by intravenous route as a therapeutic strategy.
Ascorbate may produce benefits in both prevention and treatment of cancer, by
inhibiting malignant cell proliferation and inducing differentiation [1] and
re-differentiation [2]. In addition, ascorbate has been of value in the palliation of
pain [3, 4] and as an ergogenic agent [5—7], which can substantially improved the
quality of life of terminal cancer patients.

The ideal anticancer agent is obviously one that specifically interferes with
tumor growth, prolongs survival time, and improves quality of life. There is
evidence that ascorbate fits this description. A protocol for the proper
administration of intravenous Vitamin C has been published by our group [8].
Based on the evidence reviewed herein, we suggest the use of high dose
intravenous ascorbic acid as adjuvant therapy in cancer treatment and the
exploration of new cancer therapies based on modulation of the cellular redox
state. Cancer has been viewed as a group of diseases having in common
uncontrolled rapidly growing cells leading to the formation of tumors and
metastasis, mainly from a genetic origin. The current paradigm has supported
surgery, chemotherapy and radiation as main treatments for cancer; which over the
last 60 years has produced very limited results. Given the information provided
herein about the effect of Vitamin C on cancer, we proposed a change in paradigm
in relation to cancer treatment in which cancer should be viewed as a metabolic
disease.

© The Author(s) 2014 57
M.J. Gonzalez and J.R. Miranda-Massari, New Insights on Vitamin C and Cancer,
SpringerBriefs in Cancer Research, DOI 10.1007/978-1-4939-1890-4



Appendix
Increasing the Effectiveness of Intravenous
Vitamin C as an Anticancer Agent

After over 60 years of experience with vitamin C and Cancer, what can we say
about vitamin C as an anticancer agent?

First, the extensive experience and published papers demonstrate that the use of
high dose (oral and intravenous) vitamin C is remarkably safe [9—15].

Second it confirms that it has many therapeutic benefits such as...

1. Improving quality of life [16—18]:

Decreasing adverse effects of standard cancer treatments
Reducing pain

Increasing energy

Increasing appetite

o oe

2. May reduce complications of the disease [19-24]:

a. Resolving ascorbate’s insufficiency in the cancer patient
b. Combating infections (viral, bacterial, fungi)

c. Decreasing cancer-associated inflammation

d. Preventing cancer associated sepsis

3. Pharmacological doses have shown cytostatic or cytotoxic action in cancer cells
through a variety of mechanisms [25]:

Fuel control of malignant cells by glucose antagonism

Electron donor for the energy RedOx cancer cell mitochondria problem
Hydrogen peroxide formation

Collagen formation

Immune enhancement

Sustain and possibly improve the cytotoxic effect of standard antineoplastic
agents (See Section on Chemotherapy)

-0 0 o
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Many patients have shown impressive responses in tumor reduction,
improvement in pain control, increased energy level and appetite, in general we
can state that most patients improve their quality of life but nevertheless the total
success of the use of intravenous vitamin C as an anticancer agent has been
variable. This may be due to a number of direct interacting variables.

In order to consistently improve cancer patient outcomes, it is important to have
a comprehensive health evaluation that allows identifying contributing factors to
health deterioration and the barriers to healing. These must be identified and
corrected.

These include but are not limited to:

1. Cell energy-related metabolic derangements in cancer patients [26—28].
2. Toxicities (tobacco, alcohol, pesticides, heavy metals, hydrocarbons, food
nitrosamines) [29-36].

3. Medications (Opioids impair immune responses, increase angiogenesis, and
may even act directly on tumor cells to encourage their growth and spread.
There are epidemiologic, animal, and cellular studies that suggest a role of mu
opiod receptors (MOR) on cancer growth and metastasis) [37-39].

. Hormonal imbalances/endocrine disruptors [40, 41].

. Excessive inflammation [42, 43].

. Some infectious agents and the imbalance of the body flora [44, 45].

. Excessive psychological stress [46, 47].

. Excessive exposure to radiation [48, 49].

e N e

(10 % of invasive cancers are related to radiation exposure, including both
ionizing radiation and nonionizing radiation).

Physiological/Cellular Variables to Consider That May Be
Relevant to the Effectiveness of IV Vitamin C Therapy

1-Level of Tissue Oxygenation

The level of tissue oxygenation may be an important limiting factor in the anticancer
activity of high dose intravenous Vitamin C. As we are well aware of one of the most
important mechanisms by which Vitamin C exerts its anticancer action is by the
production of hydrogen peroxide. For this to occur, the presence of oxygen is a
requisite. Limited oxygen availability reduces the chances of the production of
hydrogen peroxide from the conversion of ascorbic acid to dehydroascorbic acid.
We propose the utilization of hyperbaric oxygen immediately after IV vitamin C
therapy to increase its effectiveness as an anticancer agent to increase the formation
of hydrogen peroxide, and therefore enhance the anticancer effect.
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In relation to ozone, it is known that Vitamin C is antagonistic to ozone,
although it has been shown that ozone does not to break down Vitamin C in the
body. Persons taking megadoses of vitamin C should take the ozone treatment first,
wait 30 minutes, and then take the Vitamin C.

General Aspects of Oxygenation

Oxygen is a necessary component in every chemical reaction important to human
physiology. The appearance of oxygen on our globe induced profound changes in
the nature of living systems which with enough energy available started to
differentiate and build complex structures with complex functions. Oxidation is
loss of electrons to more electronegative group whereas oxygenation is carrying
of oxygen molecules. Oxidation was added to fermentation and proliferation was
subjected to regulation. Fermentation demanded no structure, being the result of
the action of a series of single molecules. Oxidation, with its electron flow,
demanded structure and sequential electronic mobility to increase energy
production.

Oxygen tension in tissues depends on metabolism and vascular supply, and in
tumors, there exist many areas of irregular blood flow. This may be caused by the
presence of cells in different stages, or also because the blood capillaries may
collapse due to external pressure resulting from unbalanced cell proliferation. This
may also be the result of structural defects due to deficient collagen (secondary to
ascorbate insufficiency) in the vessel walls, decreased diffusion capacity, and
alveolar hypoventilation. These conditions may collectively result in a problem
known as hypoxia within cancerous growths, which limits the effectiveness of
cancer therapy.

Hypoxia is a critical hallmark of cancer and involves enhanced cell survival,
angiogenesis, glycolytic metabolism, and metastasis. Hypoxia has also been shown
to increase genetic instability, activate invasive growth, and preserve the
undifferentiated cell state [50].

1-Increases Oxygen (Ozone and hyperbaric oxygen)

An Italian group postulates that a prolonged cycle of ozonated autohemotherapy
may correct tumor hypoxia, lead to less aggressive tumor behavior. Improving
oxygen levels would be expected to favor the anticancer effect of vitamin C [51].

Ozone therapy has been reported to produce an increase in red blood cell
glycolysis rate. This leads to stimulation of 2,3-diphosphoglycerate which then
allows a rise of the oxygen released to the tissues. Ozone facilitates the Krebs’s
cycle by improving the oxidative carboxylation of pyruvate and promoting the
synthesis of ATP. There is also an increase in antioxidant enzymes that act as free
radical scavengers (such as glutathione peroxidase, catalase, and superoxide
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dismutase) [52]. Vasodilation is also induced by ozone which leads to increased
oxygen and nutrients and immune factors available to the cell [53]. Ozonized
autohemotransfusion may be useful to improve both the poor rheological properties
of the blood and the oxygen delivery to tissues [54] and therefore increase oxygen,
immune factors, and nutrients that improve healing and tumor response. Animal
studies have shown very significant increased survival in advanced head and neck
squamous cell carcinomas with the application of ozone. Although the mechanisms
for this effect has not been totally elucidated, it is believed that various important
immune-modulatory effects in macrophages, polymorphonuclear cells (PMN), NK
cells, and cytotoxic T lymphocytes are involved as well as other metabolic
modulatory effects are relevant [55].

Therefore, although at the present time there is no evidence that ozone can
improve the anticancer activity of vitamin C, given the scope of its biological
effects, it might be important to test this combination. Hyperbaric oxygen (HBO)
treatment has been used to treat disorders involving hypoxia and ischemia, by
enhancing the amount of dissolved oxygen in the plasma and thereby increasing O,
delivery to the tissue. HBO might have tumor-inhibitory effects by saturating
tumors with oxygen, thus reversing the cancer promoting effects of tumor hypoxia.
Reduced cell proliferation, together with a significant change in histology, has been
shown after HBO treatment [56]. HBO may increase available oxygen for Vitamin
C and potentiate the anticancer activity of ascorbate by increasing the formation of
hydrogen peroxide.

2-Increased Oxygen Metabolism

Activates of the Krebs cycle, increases oxidative decarboxylation of pyruvate and
ATP production.

Capable of oxidizing the lipid layer of malignant cells and destroy them through
cell lysis.

Oxygen reacts with the unsaturated fatty acids of the lipid layer in celllular
membranes, forming hydro peroxides. Lipid peroxidation products include peroxyl
radicals, vital for killer cell action, these products may also include cytotoxic
aldehydes [57].

3-Increases Circulation

Permitting more oxygen, Vitamin C and immune factors delivery to tissues.
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4-Decreases Bacteria/Viral/Fungi Load

Microbes are important modulators of the immune system and, if not in an adequate
balance they can produce excess inflammation. Since inflammation is known to
play a major role in the pathogenesis of cancer, microbial balance can influence
tumor progression. This can occur by chronic activation of inflammation, alteration
of tumor microenvironment, induction of genotoxic responses, and metabolism
[58].

Other Oxygen-Related Compounds

Sodium Bicarbonate

May correct acidosis (increased fermentation), a common physiological
characteristic of cancer tissue. Na bicarbonate, also has a specific ability (i.e., not
possessed by other basic compounds) to destroy fungi colonies [59, 60].

Dichloroacetic Acid

May improve mitochondrial function by facilitating oxidative phosphorylation
which is lacking in the cancer cell [60, 61].

2-Excessive Glucose [62, 63]

Excessive blood glucose can compete with Vitamin C for the glut receptor sites. It
is a good therapeutic approach to provide the high dose IV Vitamin C in an empty
stomach. Nevertheless, we should be aware that sleepiness and hypoglycemia
symptoms may arise. Receiving these IVs causes the body to produce insulin
because it believes that the blood sugar is spiking. You might experience
hypoglycemia-like symptoms. If you measure your blood sugar during the infusion
of IV vitamin C, the meter reads an enormously high number because it thinks the
vitamin C is sugar. Be sure to keep available some orange juice in case an
hypoglycemic episode ensues.

3-Physiological Red-Ox Balance [64]

The balance between oxidation and anti-oxidation is believed to be critical in
maintaining healthy biological systems. Reactive oxygen species (ROS) and
reactive nitrogen species (RNS) play important roles in regulation of cell survival.
In general, moderate levels of ROS/RNS may function as signals to promote
cell proliferation and survival, whereas severe increase of ROS/RNS can induce
cell death. Under physiologic conditions, the balance between generation and
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elimination of ROS/RNS maintains the proper function of redox-sensitive signaling
proteins. Normally, the redox homeostasis ensures that the cells respond properly to
endogenous and exogenous stimuli. However, when the redox homeostasis is
disturbed, oxidative stress may lead to aberrant cell death and contribute to disease
development. Redox balance plays a critical role in maintaining the biologic
processes under normal conditions. Disruption of redox homeostasis will result in a
deregulation of apoptosis associated with various diseases, including cancer,
degenerative diseases, and aging. In general, ROS at low levels act as signaling
molecules that promote cell proliferation and cell survival. In contrast, a severe
increase in ROS can induce cell death. There is a continuous demand for exogenous
antioxidants in order to prevent oxidative stress, representing a disequilibrium
redox state in favor of oxidation. However, high doses of isolated compounds may
be toxic, owing to pro-oxidative effects at high concentrations or their potential to
react with beneficial concentrations of ROS normally present at physiological
conditions that are required for optimal cellular functioning. All said and done, the
physiological Red-Ox state may also influence Intravenous Vitamin C effectiveness
as an anticancer agent. We do not recommend the concomitant application of agents
with antioxidative potential (such as glutathione, B-Complex vitamins) with
intravenous Vitamin C as they may interfere with the oxidative activity of Vitamin
C and reduce its anticancer potential.

Common side effects of high dose IV Vitamin C therapy following the Riordan
Protocol: Dehydration and, less commonly, blood sugar changes.
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