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Summary

Many patients being treated for cancer use micronutrient
supplements, with the intention to complement their can-
cer treatment or help them cope with the therapy- and
disease-associated side effects. The majority are adding
antioxidants without the knowledge of the treating phy-
sician. There are many concerns that antioxidants might
decrease the effectiveness of chemotherapy, but increas-
ing evidence suggests a benefit when antioxidants are
added to conventional cytotoxic therapies. However, it is
imperative that physicians explore the use of antioxidant
and other micronutrient supplements with their cancer
patients and educate them about potentially negative as
well as potentially beneficial effects.

Introduction

In Western European countries, the use of complementary
medicine in cancer patients has increased steadily over the
past 15 years. The majority uses this therapy to complement
their cancer treatment or help them cope with the therapy-
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Schliisselworter
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Zusammenfassung

Viele Krebspatienten nehmen Vitamine und andere
Mikronahrstoffe ein, mit der Absicht ihre Therapie zu
optimieren oder die therapie- und krankheitsbedingten
Nebenwirkungen zu verringern. Die Mehrzahl der Be-
troffenen supplementiert antioxidativ wirksame Mikro-
nahrstoffe, haufig ohne das Wissen des behandelnden
Arztes. Obwohl berechtigte Bedenken bestehen, dass
Antioxidanzien die Effektivitat der Chemotherapie beein-
trachtigen konnen, geben aktuelle Studien erste Hinweise
darauf, dass die Einnahme von Antioxidanzien sogar die
konventionelle zytotoxische Therapie unterstiitzen kann.
Es ist daher wesentlich, dass Arzte ihre Krebspatienten
vermehrt Uber die potentiellen negativen, aber auch
glnstigen Effekte von Antioxidanzien und anderen Mikro-
nahrstoffen aufklaren.

and disease-associated side effects and improve quality of life.
Along with herbal medicines (especially mistletoe), dietary
supplements, particularly micronutrients and antioxidants
such as vitamin C and selenium, are the most commonly used
complementary therapies. This highlights the attractiveness
for patients of biologically based therapies [1], but also sug-
gests that patients who use such therapies without consulting
health professionals may be at risk of side effects or interac-
tions with conventional cytotoxic treatment [2-4]. Approxi-
mately 60% of all cancer patients take antioxidants during
standard therapy without the knowledge of their oncologists
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[5]. There are many concerns that antioxidants might reduce
oxidizing free radicals created by radiotherapy and chemo-
therapy and thereby decrease the effectiveness of the therapy
[6]. Therefore, it is imperative that physicians and oncologists
explore the use of micronutrient supplements with their can-
cer patients and educate them about potentially negative but
also potentially beneficial effects (especially in the palliative
care setting).

Malnutrition and Micronutrient Deficiencies

Therapeutic success and healing processes in neoplastic dis-
eases are strongly influenced by the nutritional status. For this
reason, the patient’s nutritional state should be determined
as soon as the first diagnosis of cancer is made, and dietary
care should be included in therapeutic planning from the very
outset [7]. Malnutrition is one of the most common causes of
death in cancer patients. By the time a tumor is diagnosed,
about 50% of all patients have already lost weight. As many
as 20% have lost over 10% of their initial body weight in
6 months, thus meeting the criteria for malnutrition. In a study
on malnutrition in German hospitals, 38% of the examined
tumor patients were undernourished [8].

Numerous factors are involved in the development of malnu-
trition and micronutrient deficiencies [9]. In addition to the
immediate consumptive effect of the tumor, the most impor-
tant include anorexia (e.g. lack of appetite, premature satia-
tion, food aversions, taste disorders), side effects of cancer
therapy (e.g. nausea, vomiting), and hormone- and cytokine-
related metabolic disorders (fig. 1) [10]. Malnutrition compro-
mises the immune system, organ function, and metabolism.
The result is an increased frequency of complications from in-
flammation (for example of the mucous membranes), second-
ary infections (e.g. pneumonia and bedsores), life-threatening
sepsis, extended hospitalization, and delayed wound healing.
Cancer-related morbidity is approximately 30% higher in the
presence of malnutrition [11]. The most severe form of mal-
nutrition with wasting is called cachexia or cancer cachexia. It
has an incidence of 60-80% in bronchial, stomach, and pan-
creatic cancer patients. After sepsis, cachexia is the second
most common cause of death in cancer patients, and in 20% it
is the primary cause of death [12, 13].

A typical diet comprises macronutrients such as carbohy-
drates, proteins, and fats, which constitute the majority of
the individual diet, supplying above all energy, and essential
micronutrients that are needed for immunological stability
and numerous metabolic functions. Malnutrition is there-
fore a principal cause of inadequate micronutrient status of
cancer patients. Thus, in addition to immunomodulating die-
tary therapy, the administration of micronutrients tailored
to the respective indication and therapy is an important ad-
junctive measure of complementary and supportive thera-
pies in oncology.

14 Breast Care 2009;4:13-20

Tumor
Tumor therapy Competitioq !wstltumor
CT, RT, surgery Tumor-specific products
Cytokines Imbalance between energy intake

Anorexm and consumption (protein, lipid,

carbohydrate metabolism)

Lack of Mechanical I I
exercise impairment
. Metabolic disturbances
Depression, N
fatigue Fastlng phases I
Protein metabolismT: muscle protein breakdown®

Rate of lipolysis and lipid oxidation T
Reduced uptake of macro-
and micronutrients

ism?, glucose oxidation{

Gluconeogenesis from amino acids and lactate™
. : ition/ |
Impaired absorption =" | . cer cachexia

Fig. 1. Causes of micronutrient deficiencies in patients with cancer [10].
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Critical Micronutrients for Tumor Patients

Micronutrient deficiencies may occur in cancer patients due
to a variety of possible causes, including unbalanced dietary
intake and adverse effects of treatment. In addition, many
patients show signs of a chronic inflammatory response which
can affect circulating concentrations of certain vitamins and
trace elements [14]. Malnutrition existing even before the
tumor manifests itself, poor appetite, and anorexia-related
food aversion (e.g. from cytokines) are the major reasons that
patients develop micronutrient deficiencies (fig. 1).
Compared to healthy individuals, tumor patients may already
have measurably reduced concentrations of trace elements
and vitamins (e.g. selenium, vitamin B12, vitamin D) in whole
blood and serum by the time cancer is diagnosed and long be-
fore clinically relevant changes in nutritional status are seen
[15-19]. At the same time, the supply and reserves of immu-
nomodulating and antioxidative micronutrients (e.g. vitamin
C, gamma-tocopherol) and nutrients that are not stored easily
by the body can play a critical role (e.g. vitamin B1, folic acid)
(table 1).

Cancer patients with chronic malnutrition and patients with
bone marrow transplantation are at high risk of developing
Wernicke’s encephalopathy as a result of vitamin B1 deficien-
cy [20]. Deficiency of vitamin D and vitamin B12 is prevalent
among newly diagnosed cancer patients. In studies, up to 70%
of cancer patients were found to be vitamin D insufficient,
when vitamin D deficiency is defined as serum 25-hydroxyvi-
tamin D < 75 nmol/l [21]. Vitamin C deficiency is common in
patients with advanced cancer. In a study of hospice patients,
vitamin C deficiency was found in 30% of the cancer patients.
Dietary intake of vitamin C was correlated to plasma vitamin
C (p < 0.0001). Low dietary intake, low albumin, high platelet
count, high C-reactive protein (CRP) level, and shorter sur-
vival were all significantly associated with low plasma vitamin
C concentrations (< 11 pmol/l) [22].

A changed mineral status can be observed in different tumor
types and may influence the redox potential of patients suffer-
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Table 1. Critical

micronutrients Micronutrient group (esp. antioxidants and immune Substance
for tumor patients modulators)
(selection)
Vitamins vitamin D, vitamin B12, vitamin C, tocopherols, carotenoids,

Minerals and trace elements
Vitaminoids

Amino acids
Essential fatty acids

Micronutrients with low tissue storage capacity (SC)

vitamin A

selenium, zinc (e.g. head and neck cancer), iron, magnesium,
calcium

L-carnitine (esp. cisplatin or ifosfamide therapy and fatigue
syndrome)

L-cysteine, L-glutathione (GSH)

omega-3 fatty acids (EPA, DHA) (esp. in cancer cachexia)
vitamin B1 (SC 4-10 days); vitamin K (SC 2-6 weeks);
vitamin B complex (esp. folic acid, vitamin B6), vitamin C
and D (SC 2-4 months); vitamin E (SC 6-12 months)

Table 2. Specific cytostatic-micronutrient interactions

Cytostatic drug Micronutrient [Ref.] Mechanism Possible consequences
Cisplatin magnesium [52, 25] renal Mg excretion T, hypomagnesemia, hypokalemia, metabolic
intestinal Mg absorption { disturbances (e.g. lipid anomalies)
carnitine [53] renal carnitine excretion T hypocarnitinemia, risk of fatigue and lipid anomalies T
Pemetrexed folic acid [54, 55] folic acid antagonist diarrhea, mucositis, thrombocytopenia, neutropenia,

S-Fluorouracil thiamine [56]

Ifosfamide carnitine [57]

inhibited phosphorylation of thiamine

renal carnitine excretion T

homocysteinemia
risk of nerve disorders, heart failure, lactic acidosis,
Wernicke’s encephalopathy

risk for carnitine deficiency after several CT cycles,
risk of fatigue and lipid anomalies T

Mg = Magnesium; CT = chemotherapy.

ing from solid cancers. Prospective trials with head and neck
cancer patients have shown a decreased serum concentration
of selenium (66% of all patients) and decreased activities of
selenium-dependent glutathione peroxidase. In addition, a
third of all patients had decreased zinc and iron levels, and
30% increased copper levels [23].

Requirements for minerals and trace elements in tumor pa-
tients cannot always be met even by a healthy diet with whole
foods. Balanced nutrition is very difficult to achieve, especially
during chemotherapy and/or radiotherapy because of the fre-
quent side effects like nausea and vomiting. Anorexia and
vomiting are often associated with electrolyte and acid-base
imbalances. Chemotherapy- and radiation-induced damage
of the mucous membranes (e.g. radiation colitis and diarrhea)
adversely affects micronutrient absorption (e.g. folic acid, vita-
min B12) and can cause major loss of micronutrients. Specific
interactions between cytostatic drugs and micronutrients can
also increase the requirement of micronutrients and should
be taken into account when tumor-destructive therapies are
planned. Cisplatin-based chemotherapies, for example, exert
a significant negative effect on the magnesium und potassium
metabolism, including an increased risk for hypomagnesemia
and hypokalemia (table 2).

Antioxidants and Other Micronutrients in
Complementary Oncology

While basic oncological therapies (chemotherapy and/or
radiotherapy) are very effective, they are also very aggressive.
Because of their lack of selectivity, they damage not just tumor
cells but normal tissues as well, especially the hematopoietic
system (causing granulocytopenia, for example) as well as the
rapidly proliferating cells of the mucous membranes (mucosal
toxicity), the immune system (immunodeficiency, e.g. severe
bacterial and viral infections), and the bone marrow. The mu-
cous membranes in the bronchial and gastrointestinal systems
are especially sensitive to chemotherapy or radiotherapy.
Damaged intestinal mucosa leads to abdominal pain, destruc-
tion of the intestinal flora, increased loss of micronutrients
(from vomiting and nausea), and impaired nutrient absorption
(from diarrhea) and utilization (tables 3 and 4). As a result,
the uptake of essential micronutrients is markedly reduced
during chemotherapy and radiotherapy treatment.

In addition, one of the body’s most important immune barri-
ers in the gut (gut-associated lymphatic tissue, GALT) and the
bronchial tract (bronchus-associated lymphatic tissue, BALT)
is compromised so that pathogenic microorganisms can more
easily penetrate the mucous membranes to gain entry into a
body weakened by disease and therapy (bacterial transloca-
tion). This results in an elevated frequency of complications,
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Table 3. Side effects

of chemotherapy, Side effect

Cytostatic drug

which are associated
with an increased
requirement of micro-
nutrients and/or
micronutrient defi-
ciencies

Nausea and vomiting

Diarrhea

Mucosal damage (mucositis) and ulceration of the

gastrointestinal tract

Anorexia (taste and smell disorders, loss of appetite,

premature satiation, food aversion)

highly emetic: cisplatin, dacarbazine, lomustine

emetic: doxorubicin, epirubicin, daunorubicin, carboplatin,
carmustine (BCNU), cyclophosphamide, etoposide, ifosfamide,
mitomycin C

fluorouracil, methotrexate, idarubicin, cisplatin, irinotecan
doxorubicin, epirubicin, daunorubicin, etoposide, fluorouracil,
methotrexate, vinca alkaloids (e.g. vincristine), mitomycin C
practically all cytostatic drugs

Table 4. Side effects
of radiotherapy,
which are associated
with an increased

Lack of appetite
Nausea and vomiting
Taste and smell disorders, difficulty swallowing

requirement of micro- Dry mouth
nutrients and/or Diarrhea
micronutrient defici- Mucositis

encies Ulceration of the gastrointestinal tract
Fistulas (e.g. in the esophagus)

Acute and chronic radiation enteritis

manifested in secondary infections and sepsis. The mucous
membranes of the gut are the largest immunocompetent
system of the body and perform essential local and systemic
defense and monitoring functions in the healthy organism.
In addition to chemotherapy and radiotherapy, surgical pro-
cedures on the gastrointestinal tract can also trigger malfunc-
tions of absorption and utilization of micronutrients (table 5).
It is also important to keep in mind the side effects of opioid
analgesics and other adjuvant drugs (e.g. glucocorticoids, anti-
depressants, anticonvulsives, and neuroleptics) used for pain
relief in tumor patients. Opioids have a strong constipating
effect resulting both from a suppression of intestinal motility
and intestinal secretions, and an effect on cerebral and spinal
receptors. Aside from nausea, constipation is the most impor-
tant and persistent side effect of the opioid analgesics. Pain
therapy with opioids must almost always be accompanied by
the use of laxatives. Once small intestinal passage is acceler-
ated, complex nutrients are not adequately broken down. In
addition, the absorption volume is reduced as well, because
contact time with the absorbing epithelium is shortened. For
these reasons, opioids and laxatives can lead to a major dis-
ruption of micronutrient digestion and utilization.

Antioxidants and Chemotherapy - Still a Controversy

Adjuvant oral administration of dietary antioxidants during
conventional cancer treatment is still a matter of controversy,
because the mechanisms of chemotherapy and radiotherapy are
based in part on the production of free radicals [6]. However,
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most of the cytostatic drugs currently used in antineoplastic
therapy, for example antimetabolites, nitrogen mustard deriva-
tives (e.g. cyclophosphamide), platinum coordination complex-
es (e.g. cisplatin), vinca alkaloids, paclitaxel, or anthracyclines,
do not work primarily through oxidative stress [24, 25]. If anti-
oxidants are truly a threat to the efficacy of standard therapy,
antioxidant-rich foods, especially fruits and vegetables, ought
also be prohibited during treatment [26]. In other words, this no
longer justifies the often categorical rejection of supplementa-
tion with antioxidative and immunomodulating micronutrients
during chemotherapy. Antioxidants such as vitamin C, vitamin
E, retinoids, or selenium act not just as scavengers but play a
number of essential roles in metabolism in addition to their
antioxidative, protective effect on the cells. Immune modula-
tion, induction of apoptosis, and regulation of cell proliferation
and differentiation are the most important of these.

Human, animal, and in vitro studies have shown that antioxi-
dants can inhibit neoplastic cell growth by complex mecha-
nisms. These include increases in neoplastic cell differentia-
tion, increases in apoptosis, inhibition of protein kinase C ac-
tivity, adenylate cyclase activity, and other mechanisms [50].
Isolated studies on cell cultures show that antioxidants such as
vitamin C, tocopherols, or carotinoids are able to selectively
strengthen the growth-inhibiting effects of a variety of cyto-
static drugs (e.g. fluorouracil, doxorubicin, and vincristine) on
certain cancer cells [27, 28]. On the other hand, the few availa-
ble case studies and small-scale studies on tumor patients (dis-
cussed above) suggest that certain antioxidants, given under
controlled circumstances, are able to increase the therapeutic
efficacy of chemotherapy and radiotherapy by improving tol-
erance and heightening the sensitivity of the tumor while di-
minishing the toxic effects on healthy cell systems [26, 29, 30].
In a trial with 18 non-randomized patients (4 women and
14 men) with small cell lung carcinoma were given a combi-
nation of defined antioxidants (vitamins, trace elements, fatty
acids, given orally) in addition to chemotherapy and/or ra-
diotherapy [31]. Mean survival time was significantly longer,
and the patients tolerated the chemo- and radiotherapy bet-
ter with concomitant antioxidant therapy. Fourteen patients
(77%) survived for longer than 12 months, and 6 patients
(33%) longer than 2 years.
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Table 5. Operations

in the gastrointesti- Organ / affected micronutrient group

Deficiency of / elevated requirement for

nal tract — sequelae

which can trigger Stomach (e.g. gastrectomy)

micronutrient defi- Vitamins
ciencies and/or an in-
creased requirement
of micronutrients Minerals

Trace elements

Small intestine (e.g. small bowel resection)
Vitamins

Pancreas (e.g. pancreatectomy)
Vitamins
Vitaminoids
Essential fatty acids

vitamin B12 (from intrinsic factor deficiency), vitamins A, D, E, K,
carotinoids (e.g. lycopene), folic acid (as a result of reduced pH
gradients in the duodenum), vitamin C

calcium (as a result of lactose intolerance, anacidity), magnesium
zinc, iron (as a result of anacidity), selenium

vitamin B12 (resulting from microbial imbalance/dysbiosis);
vitamins A, D, E, K, carotinoids (as a result of steatorrhea)

vitamins A, D, E, K, carotinoids (from steatorrhea), vitamin B12
coenzyme Q10
omega 3 fatty acids (from steatorrhea)

Table 6. Antioxidant

combination: compo-  Antioxidant Daily oral
sition and daily dosage, mg
dosage
Vitamin C 6,100
D-o-tocopherol 1,050
Beta-carotene 60
Copper sulfate 6
Manganese sulfate 9
Zinc sulfate 45
Selenium 0.9

Table 7. Preliminary results of a randomized clinical trial using high-dose
multiple antioxidants as an adjunct to chemotherapy (cisplatin and paclit-
axel) in patients with non-small cell lung cancer [5]

Treatment and tumor response Chemotherapy Chemotherapy

arm (n = 29) + antioxidants arm
(n=28)
Chemotherapy cycles, median n 3 6
Patients completing 6 cycles, n 11 16
Complete response, n 0 1
Partial response, n 9 15
Stable disease, n 5 4
Progressive disease, n 15 8
Overall survival at 1 year, months 7 14

Non-small cell lung carcinoma (NSCLC) accounts for the
great majority of all cases of lung cancer. In most NSCLC
patients, by the time the tumor is diagnosed it is already in-
operable because of extensive local growth or metastasis. Few
of these patients survive longer than 5 years. In a randomized
study, patients with advanced NSCLC were given a antioxi-
dant combination (listed in table 6) 48 h before chemotherapy
with cisplatin and paclitaxel [5]. The micronutrient combina-
tion was administered daily in oral form and continued over
the entire treatment period and for 1 month after treatment
was finished. Thereafter, micronutrient supplementation was

Antioxidants and Other Micronutrients in
Complementary Oncology

continued at half the dosage. Tumor response was better in
the group that received the antioxidant combination in addi-
tion to chemotherapy than in the group that was treated with
chemotherapy alone (table 7).

A recently published systematic review [29] of control-
led, randomized studies on the influence of antioxidants on
chemotherapy came to the conclusion that supplementation
with antioxidants has no negative effect on chemotherapy,
but rather has a favorable influence on the rate of adverse
effects and on tumor response. None of the trials reported
evidence of significant decreases in efficacy from antioxidant
supplementation during chemotherapy. Many of the studies
indicated that antioxidant supplementation resulted in either
increased survival times, increased tumor responses, or both,
as well as fewer toxicities than controls [29].

These data were confirmed by another publication of the
same group of researchers [32] in 2008. The search of litera-
ture reached from 1966 to October 2007 using MEDLINE,
Cochrane, CinAhl, AMED, AltHealthWatch, and EMBASE
databases. Only randomized, controlled clinical trials report-
ing antioxidant-based mitigation of chemotherapy toxic-
ity were included in the final tally. Searches were performed
following a standardized protocol for systematic reviews. Only
33 of 965 articles considered, including 2,446 subjects, met the
inclusion criteria. Of the supplements included in this review,
antioxidant mechanisms range from free radical scavengers
that act as reducers or that break lipid chains (e.g. glutathione,
vitamin E, coenzyme Q10) to antioxidant enzymes formed by
combining with a protein to form selenoproteins (selenium,
glutathione). Other mechanisms include metal chelators (e.g.
vitamin C) or cellular protectors from free radical attack (e.g.
vitamins C, E) while some target and repair DNA aberrations
(table 8, see online supplemental material). This review pro-
vides the first systematically reviewed evidence that antioxi-
dant supplementation during chemotherapy holds potential
for reducing dose-limiting toxicities. However, well-designed
studies evaluating larger populations of patients given specific
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antioxidants defined by dose and schedule relative to chemo-
therapy are warranted [32].

As a matter of principle, in complementary oncology, sup-
plementation of antioxidants and other micronutrients should
always be tailored to the individual therapy protocol by tak-
ing into account substance-specific interactions between the
cytostatic drugs and bioactive nutrients. Laboratory tests to
determine micronutrient status (e.g. selenium in whole blood)
and the appropriate monitoring are recommended.

Selenium and Vitamin C - a Long Way to Evidence

The two antioxidants most widely supplemented by cancer
patients and used by complementary medicine practitioners
are selenium and vitamin C.

Selenium

Selenium is a component of selenoproteins some of which
have important enzymatic and regulatory functions. These
include the glutathione peroxidases which reduce hydrogen
peroxide and harmful lipid and phospholipid hydroperoxides,
the iodothyronine deiodinases that catalyses the conversion of
thyroxine to the active thyroid hormone triiodothyronine, se-
lenoprotein P which is involved in selenium transport, antioxi-
dant and endothelial protection, and the thioredoxin reduct-
ases (TrxR) that are involved in DNA biosynthesis, regula-
tion of redox-sensitive transcription factors, and regeneration
of other antioxidants [10].

Epidemiological studies have shown an association between
a low prediagnostic serum selenium concentration and the
risk of cancer. In the Third National Health and Nutrition
Examination Survey, serum selenium levels were measured
in 13,887 US adults. The mean serum selenium level was
125.6 ng/l. The multivariate adjusted hazard ratios compar-
ing the highest (> 130.39 pg/l) with the lowest (< 117.31 pg/l)
serum selenium level tertile were 0.83 (95% confidence in-
terval (CI), 0.72-0.96) for all-cause mortality, and 0.69 (95%
CI, 0.53-0.90) for cancer mortality. However, the association
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between serum selenium levels and all-cause and cancer mor-
tality was non-linear, with an inverse association at selenium
levels up to 130 pg/l and a modest increase in mortality at high
selenium levels above 150 pg/1 [33].

Patients with breast cancer, gastric cancer, and colorectal can-
cer have significantly lower whole blood and serum selenium
levels than healthy controls [34]. Selenium supplementation
can reduce the side effects of conventional cytotoxic thera-
pies (e.g. nephrotoxicity by cisplatin [35], mucositis by radio-
therapy [36]) and enhance the antitumor activity of anticancer
drugs through better compliance, fewer therapy dropouts, and
higher possible dosages (e.g. anthracycline-based chemother-
apy in aggressive non-Hodgkin’s lymphoma [37]).
Concentrations of selenium in serum and whole blood pro-
vide useful indicators of selenium status of cancer patients. A
serum selenium concentration of 100-120 pg/1 (corresponding
120-140 pg/l in whole blood) is suggested as being necessary
for normal activity of selenoproteins (e.g. glutathione peroxi-
dase, selenoprotein P) and reflects an adequate selenium in-
take [38, 39]. Before cancer patients take supplements with
selenium (e.g. sodium selenite), the individual selenium status
should be measured (e.g. selenium in whole blood). Selenium
supplements are available in several forms: the organic form
selenomethionine and the inorganic form sodium selenite. In
complementary cancer therapy, the inorganic form sodium
selenite is generally preferable to selenomethionine, because
a part of the ingested selenomethionine is non-specifically in-
corporated into body proteins and can therefore accumulate
in the body. In contrast, the selenium derived from sodium se-
lenite is directly available for selenoprotein biosynthesis and
can be better therapeutically controlled [40].

Vitamin C (Ascorbic Acid)

The antioxidant perhaps most widely used in complementary
oncology is vitamin C, particularly by intravenous injection.
The possibility that vitamin C may be useful in the treatment
of cancer was first raised by Cameron and Campbell in 1974.
Subsequently, Pauling et al. [41] published research suggest-
ing a survival benefit and improvement of quality of life in ter-
minal cancer patients from high doses of vitamin C (10 g/day
intravenously for 10 days followed by at least 10 g/day orally
indefinitely). However, 2 randomized placebo-controlled stud-
ies conducted at the Mayo Clinic found no difference in out-
come between terminal cancer patients receiving 10 g vitamin
C per day orally or placebo [42]. It should be mentioned that
there were significant methodological differences between the
Mayo Clinic and Pauling studies. Although similar doses of vi-
tamin C were used, the Pauling studies combined intravenous
and oral administration, whereas the Mayo Clinic studies used
only oral administration. Recent pharmacokinetics modeling
[43] indicates that with oral administration, even very large
doses of vitamin C will increase plasma concentrations only
modestly to a maximum of approximately 230 umol/l, whereas
intravenous administration can raise plasma concentrations
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as high as 14,000 umol/l. Concentrations of 1,000 pmol/l and
more are selectively cytotoxic to tumor cells in vitro, and
emerging evidence indicates that ascorbic acid at concentra-
tions achieved by the intravenous route may function as a pro-
drug for hydrogen peroxide delivery to tissues (fig. 2) [44-48].
In a recent study by Chen et al. [49], parenteral application
of ascorbate in pharmacologic doses (2-4 g/kg body weight)
significantly decreased growth rates of ovarian (p < 0.005),
pancreatic (p< 0.05), and glioblastoma (p < 0.001) tumors es-
tablished in mice. Similar pharmacologic concentrations were
readily achieved in humans given ascorbate intravenously.
The data suggest that ascorbate as a prodrug may have ben-
efits in cancers with poor prognosis and limited therapeutic
options.

A non-interventional study at the University of Kansas de-
scribes favorable effects of tumor treatment and a concomi-
tant reduction of side effects in 2 women with advanced epi-
thelial ovarian cancer (stage I1Ic) given defined oral doses of
antioxidants and a high-dose intravenous vitamin C therapy
[50]. In this study, the ovarian cancer patients took regular
high-dose dietary antioxidant supplements after a primary op-
eration either during first-line chemotherapy or consolidation
therapy with carboplatin and paclitaxel. In addition, they were
given intravenous high-dose vitamin C injections once or twice
weekly (dosage 60 g/infusion), over a period of 40 months. To
prevent the possibility of hemolysis, glucose-6-phosphate de-
hydrogenase (G6PD) status was assessed prior to intravenous
ascorbic acid. The vitamin C infusions were started at 15 g/in-
fusion and increased to 60 g/infusion given twice weekly. The
dosage was calculated to achieve an effective concentration of
> 200 mg/dl vitamin C in plasma. At this plasma level, ascor-
bic acid is reported to promote neoplastic cell cytotoxicity
[47, 51]. Both patients showed a favorable effect regarding the
frequency of adverse effects of chemotherapy (e.g. neurotox-
icity or myelosuppression by paclitaxel) and the duration of
remission (e.g. tumor marker CA 125) as well as quality of life
[50]. Because of the positive results found in the 2 reported
patients, a randomized controlled trial is now underway at
the University of Kansas Medical Center to further evaluate
safety and efficacy of antioxidants when added to chemother-
apy in newly diagnosed ovarian cancer (Jeanne A. Drisko,
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In light of the recent clinical pharmacokinetic findings, the
in vitro evidence of anti-tumor mechanisms, and some well-
documented cases of advanced cancers, the role of high-dose
intravenous vitamin C therapy in cancer treatment should be
reassessed. High-dose intravenous vitamin C therapy may
have benefits in patients with advanced cancers and cancers
with poor prognosis and limited therapeutic options, but fur-
ther clinical studies as to the safety and efficacy of this therapy
are warranted.

Before application of high-dose vitamin C infusions, glucose-
6-phosphate dehydrogenase (G6-PD) deficiency should be
ruled out, as red blood cell hemolysis may occur in people
found to be deficient in the G6-PD enzyme. There is also a
concern for renal calculi in oxalate kidney stone formers. His-
tory of renal calculi should be established, and patients’ serum
creatinine and renal function should be monitored regularly
during treatment.

Rationale for Micronutrients in Complementary
Oncology

Micronutrients have considerable potential in the prevention
and adjuvant treatment of diet-related diseases. In comple-
mentary oncology, the administration of vitamins and other
micronutrients tailored to individual needs can help to reduce
the frequency of side effects from antineoplastic treatment
and improve its effectiveness and therapeutic index through
better compliance, fewer therapy dropouts, and higher possi-
ble dosages, and improve quality of life for the tumor patient.
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