AscorbicAcid in the Prevention and
Treatment of Cancer

by Kathleen A. Head, N.D.

Abstract

Proposed mechanisms of action for ascorbic acid (ascorbate, vitamin C) in the
prevention and treatment of cancer include enhancement of the immune system,
stimulation of collagen formation necessary for “walling off” tumors, inhibition of
hyaluronidase which keeps the ground substance around the tumor intact and prevents
metastasis, prevention of oncogenic viruses, correction of an ascorbate deficiency often
seen in cancer patients, expedition of wound healing after cancer surgery, enhancement
of the effect of certain chemotherapy drugs, reduction of the toxicity of other
chemotherapeutic agents such as Adriamycin, prevention of free radical damage, and
neutralization of carcinogenic substances. Scottish as well as Japanese studies have
pointed to the potential benefit of high dose vitamin C for the treatment of “terminal”
cancer. Mayo Clinic studies, however, have contradicted the Scottish and Japanese
findings, resulting in accusations of methodological flaws from both sides. Numerous
epidemiological studies have pointed to the importance of dietary and supplemental
ascorbate in the prevention of various types of cancer including bladder, breast, cervical,
colorectal, esophageal, lung, pancreatic, prostate, salivary gland, stomach, leukemia,
and non-Hodgkin’s lymphoma.
(Altern Med Rev 1998;3(3):174-186)

I ntroduction

In the mid-18th century, James Lind first demonstrated that the juice of fresh citrus
cures scurvy. The active agent, the enolic form of 3-keto-L-gulofurnlactone, or ascorbic acid,
was isolated in the late 1920s by Albert Szent-Gyorgyi (seefigure 1). By the mid-1930s, meth-
ods had been devised to synthesize ascorbic acid, making it widely available at low cost. In the
1990s, it isthe most commonly used single supplement in the U.S.

In 1954, W.J. McCormick, a Canadian physician, formulated the hypothesisthat cancer
isacollagen disease, secondary to avitamin C deficiency.? While aternative cancer treatments,
such as The Gerson therapy, have been incorporating diets high in vitamin C for many years,
the use of vitamin C supplementation in large doses for the prevention and treatment of cancer
wasfurther advanced in 1971 by Linus Pauling, PhD, and Ewan Cameron, MD. A discussion of
their use of high-dose vitamin C for treatment of patients with advanced cancer can be found
below. Since 1971, considerabl e attention has been paid to vitamin C and cancer, particularly in
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the area of prevention. However, there has
been a paucity of human studies using vita-
min C to treat already existing cancer.

Biochemistry of Ascorbic Acid

Ascorbic acid iswidely distributed in
plants, its concentration varying from 0.01
percent in apples to about 1 percent in rose
hipsand citrus. It isone of the most important
reducing agents occurring in living tissue.
While most animals synthesize their own vi-
tamin C, humansand afew other animals, such
as non-human primates, guineapigs, and fruit
bats do not. Ascorbate ac-

of hyaluronidase, keeping the ground sub-
stance around the tumor intact and preventing
metastasis;* (4) inhibition of oncogenic vi-
ruses; (5) correction of an ascorbate deficiency,
often seen in cancer patients; (6) expedition
of wound healing after cancer surgery;® (7) en-
hancement of the effect of certain chemo-
therapy drugs, such as tamoxifen, cisplatin,
DTIC and others;*® (8) reduction of the toxic-
ity of other chemotherapeutic agents, such as
Adriamycin;® (9) prevention of cellular free
radica damage;’® and (10) neutralization of
carcinogenic substances.'

Taking a closer look at

celerateshydroxylation re-
actions, in part by donat-
ing electrons to metal ion
cofactors of hydroxylase
enzymes. Hydroxylation
reactions are important in
collagen synthesis, conver-
sion of lysineto carnitine,
conversion of dopamineto
norepinephrine, and in ty-
rosine metabolism. Ascor-
bateisalso utilized to cata-
lyze other enzymatic reac-
tions, such as amidation

Figure 1. Structure of Ascorbic Acid.

the phenomenon of hyalu-
ronidase inhibition
Cameron, Pauling and
Leibovitz wrote in
“Ascorbic Acid and Can-
cer: A Review”: ...“the
dangerousfeatures of neo-
plastic cell behavior (inva
siveness, selective nutri-
tion, and perhaps growth)
are caused by microenvi-
ronmental depolymeriza-
tion. In turn, this matrix
destabilization is brought

necessary for maximum
activity of the hormonesoxytocin, vasopressin,
cholecystokinin, and alpha-melanotropin.?
Ascorbic acid isawater-soluble, chain-
breaking antioxidant which reactsdirectly with
singlet oxygen, hydroxyl, and superoxideradi-
cals. It also may react with tocopheroxy radi-
cals to regenerate vitamin E.! Conversely,
ascorbyl radicals are quenched by vitamin E.

M echanisms of Action

Proposed mechanisms of vitamin C
activity inthe prevention and treatment of can-
cer include: (1) enhancement of the immune
system by increased lymphocyte production;
(2) stimulation of collagen formation, neces-
sary for “walling off” tumors; (3) inhibition

about by constant expo-
sureto lysosomal glycosidases continually re-
leased by the neoplastic cells. Finally, ascor-
bateisinvolved in the natural restraint of this
degradative enzyme activity.” 12
Proper collagen formation is an
important factor in the encapsulation of tumors
or the slowing of metastasis via the
development of an almost impermeable barrier
(known as the schirrus response). Ascorbic
acid plays an important role in collagen
synthesis and stability. A lack of ascorbate
significantly reduces hydroxylation of proline
and lysine to hydroxyproline and
hydroxylysine, respectively, jeopardizing
proper collagen cross-linking. This leads to
instability of thetriple helix of collagenwhich,
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Figure 2. A comparison of survival timesin ascorbate-treated
patients and matched controls. Adapted from

Cameron and Pauling.
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in turn, results in increased collagen
catabolism. In vitro, vitamin C also has been
found to increase collagen synthesis by
fibroblasts.*?

Cancer patients tend to be immuno-
compromised, demonstrating low lymphocyte
ascorbate levels. The immune surveillance
systemisimportant, both ininhibiting theini-
tiation phase of cancerous growth, and alsoin
the prevention of spread. Ascorbate supple-
mentation increases the number and effective-
ness of lymphocytes and enhances phagocy-
tosis.’?

Vitamin C in the Treatment of

Cancer

The Vale of Leven Studies. Most of
the studies on vitamin C and cancer relate to
its protective effect, rather than use of the vi-
tamin for the treatment of active cancer. The
Vale of Leven studies conducted by Ewan
Cameron, MD and hisassociates, (later includ-
ing LinusPauling, PhD), at hishospital in Loch
Lomondside, Scotland, are among the few

“terminally ill” patients treated
with ascorbate yielded promising results.
Based on data from previous similar groups
of patients, it was expected that 90 percent of
the group would be dead within three months
of being labeled “terminal.” When 10 g ascor-
bate was prescribed daily (beginning at the
time the patient was labeled “termina™), by
the 100th day of treatment the mortality rate
was only 50 percent. Of the remaining 25 pa-
tients, 20 died between days 110 and 659, with
an average survival timeof 261 days;, and five
had an average survival time of greater than
610 days.4

Subsequently, a controlled retrospec-
tive study was conducted, comparing survival
times of 100 terminaly ill cancer patients at
Vale of Leven Hospital with 1,000 matched
controls from the same hospital. The patients
were randomly selected from the database of
those terminal cancer patients who had re-
ceived ascorbate. Each ascorbate-treated pa-
tient was matched with 10 controls from the
same hospital of the same age, sex, and type
and stage of cancer who had not been pre-
scribed vitamin C. In 90 percent of the cases,
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the ascorbate-treated group lived three times
longer than the control group. For the other
10 percent, long-term survival made it impos-
sibleto assesssurvival timewith certainty, but
at the time of publication of the study, the
ascorbate group exhibited greater than 20 times
the survival rate of the control group.®(see
Figure 2)%

Having been criticized by someinves-
tigatorsfor not assuring the subjectswereran-
domly chosen from the same representative
subpopulations in the treated and control
groups, a second retrospective evaluation at
the Vale of Leven hospital was undertaken in
1978 —again with 100 patients receiving ascor-
bic acid compared to 1,000 matched controls
without vitamin C.” Most of the ascorbate-
treated group and about half the controlswere
the same subjects as in the initial study. This
time, since there are different mean survival
timesfor different types of cancer, the groups
werefurther divided according to typesof can-
cer, and controls carefully matched (see Table
1). In addition, the groups passed several “ran-
domness’ tests. In each of the nine types of
cancer the ascorbate group had aconsiderably
longer survival time than their matched con-
trols. At the time of evaluation, eight patients
in the vitamin C group were still living, while
no onewas alive in the control group; thisre-
sulted in 321+ days longer lifespan for the vi-
tamin C treated group. Factoring out those in
the ascorbate group who were still living at
the time of evaluation, the vitamin C group
lived an average of 251 days longer than the
control group.

Cameron and Pauling later evaluated
the first 500 “terminal” cancer patients to re-
ceive ascorbate. In most cases, subjectiveim-
provement — increased feeling of well-being,
more energy, more a ertness, decrease or elimi-
nation of pain, better appetite—were noted by
the ascorbate patients. Cameron reported a
quite dramatic relief of bone pain from me-
tastases in four out of five patients. Objective

improvements included a decrease in malig-
nant ascites and pleural effusion, relief from
hematuria, somereversal of hepatomegaly and
jaundice, and decreases in erythrocyte SED
rate and serum seromucoid levels, all accepted
indicators of adecreasein malignant activity.
Furthermore, patients who had been on large
doses of narcotics, such as morphine, for pain
relief, showed none of the typical withdrawal
symptoms.

Based on the above cited studies the
researchers concluded: “It is our conclusion
that this ssmple and safe treatment, the inges-
tion of large amounts of vitamin C, isof defi-
nite value in the treatment of patients with
advanced cancer. Although the evidenceis as
yet not so strong, we believe that vitamin C
has even greater value for the treatment of
cancer patients with the disease in earlier
stagesand also for the prevention of cancer.”18

The Vale of Leven protocol called for
aten-day courseviaintravenous(lV), continu-
ous slow-drip infusion of sodium ascorbatein
half-strength Ringer’s L actate Solution. After
thelV treatment, assuming the patient wasable
to take medication by mouth, an oral dose of
vitamin C was begun at a dose of 2.5 grams
every 6 hours for a total of 10 grams in 24
hours. The dosage varied somewhat, ranging
from 10-30 grams daily, and was continued
indefinitely. The goal wasto maintain plasma
ascorbate levels of at least 3 mg/dl. The re-
searchers reported generally a subjective im-
provement inwell-being, vigor, painrelief, and
appetite was apparent within 5-7 days. In-
creased energy was believed to be aresult of
improved carnitine synthesis with a resulting
increase in triglyceride transport into cell mi-
tochondria.’®

Japanese Studies: Uncontrolled trials
conducted at two different hospitals in Japan
during the 1970s a so confirmed the increase
in survival time of terminal cancer patients
supplemented with ascorbate. At the Fukuoka
Torikai Hospital, the average survival time
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From first

Patients, No. A
Test Test

458+

Primary

tumor type Controls

170
170 219+
286+
1396+
774+
1669+
634
884
706+

Bronchus 17
Stomach 13 130
Breast 11 110
Kidney 8 80
Bladder 7 70
Rectum 7 70
Ovary 6 60
Others 14 140
All 100

1000 681+

Table 1. Survival times: Ascorbate-treated patients vs. matched controls for various tumor
sites. Adapted from Cameron and Pauling.t’

Mean survival times, days

hospital attendance

B

Control

Colon 17 316

118
159
1020
492
420
336
366
279

360

* E, calculated as A - B; F, calculated as C - D; G, additional survival time of first set of ascorbate-treated patients with first set of controls.
The + following a number indicates that one patient in the group (two in the bladder group) continued to survive after 15 May 1978.

Increased survival times
of ascorbate -treated
patients, days*

From date of
untreatability

C D) E F

Test Control A-B C-D G

352+ 33
186+ 31
182+ 32
487+ 52
381+ 39
355+ 21
270 43
183 69
278+ 37

142+
101+
127+
376+
282+
1249+
298
518
427+

319+
155+
150+
435+
342+
334+
227

114

241+

324
184+
134+
378+
348+
226+
247
157
189+
293+ 38 321+

255+ 234+

after being labeled “terminal” was43 daysfor
44 patients supplemented with low levels of
ascorbate (less than 4 grams daily), and 246
daysfor 55 patients supplemented with higher
dosages of ascorbate (greater than 5 grams
daily — averaging 29 grams daily) and start-
ing at the time of “terminal” diagnosis.* The
researchers found no differences in survival
times between the groupsreceiving 5-9 grams
daily and those receiving 10-29 grams daily.
A declinein effect was noted in those receiv-
ing 30-60 grams daily. They found the best
results with uterine cancer, and the smallest
increasesin survival timewith lung and stom-
ach cancer.

Effectiveness of ascorbate was also
observed at the Kamioka Kozan Hospital
where 19 terminally-ill control patients sur-
vived an average of 48 days compared to six
patientson high levelsof vitamin C who lived
an average of 115 days, or 2.4 times longer
than the control group.? Theseresearchersaso
reported theimproved quality of life observed
in the Scottish studies.

Mayo Clinic Studies: In an attempt to
either duplicate or refute the Cameron and
Pauling results, the Mayo Clinicinitiated atest
on 150 patients.?? Subjects were randomly
divided into two groups, one group of 60
received 10 grams of ascorbic acid daily in
four divided doses while the control group of
63 received an equal number of placebo
capsules. After randomization, 27 patients
el ected not to participate and comprised athird
“no treatment” group. Treatment was
continued until death or until the patient was
no longer able to take medication orally. The
two groups were evenly balanced with regard
to age, sex, tumor site, initial performance
status, and previous treatment. Fifty-eight
percent of those receiving placebo and 63
percent of those receiving ascorbate reported
subjective improvement in symptoms during
the treatment period. Theresearchersreported
no significant difference between the vitamin
C and placebo groups in regard to survival
time; however, the 27 patients who received
no treatment experienced asignificantly lower
survival time, living an average of 25 days
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compared to an average of 51 days for the
vitamin C or placebo groups. All but nine of
the 123 subjects had received prior
chemotherapy, radiation, or both.

Based on other researchers’ complaints
that the Mayo study had not addressed the ef-
fect of vitamin C on cancer patients who had
not received prior chemotherapy or radiation,
a second trial was initiated by the same re-
searchers.ZInthisstudy, only patientswith ad-
vanced colorectal cancer wereincluded. At the
time of administration of vitamin C, the re-
searchers deemed them all inappropriate can-
didates for chemotherapy. One hundred pa-
tients were randomly assigned to receive ei-
ther 10 grams ascorbic acid or placebo daily.
Patients continued on the treatment for aslong
as they were able to take oral medications or
until there was evidence of tumor progression.
At thispoint, over half of the subjectsreceived
subsequent chemotherapy. Theresearchersdid
not report survival times as they did not con-
tinue the patientson vitamin C until they died.
Instead, they reported that after one year 49
percent of the vitamin C group and 47 percent
of the placebo group were till living. They
reported that for both groups survival timewas
comparable to the Cameron and Pauling un-
treated group. When they selected patients
with a bias toward those with a more favor-
able prognosis, they found results in both
groups similar to the Cameron and Pauling
vitamin C treated groups, implying bias se-
lection on the part of Cameron and Pauling.
Because of the differencesin study design, it
is impossible to compare the results of these
trials.

The Controversy: It is impossible to
have a discussion about vitamin C and cancer
without discussing the controversy stirred by
theVaeof Leven and Mayo studies. Both sides
accused the other of serious study flaws. The
Mayo researchers claimed that, because the
Vale of Leven studies were retrospective in-
stead of prospective, and since the subjects

were not randomly assigned to groups ahead
of time but chosen after thefact, that selection
biasoccurred, with the researchers conscioudy
or subconsciously selecting the ascorbate-
treated patientswho had the best prognosisand
outcomes to be part of the study group. The
Mayo researchers made this statement:
“Uncontrolled or historically con-
trolled studies have anecessary purposeinthe
evaluation of any therapeutic method, since
they serve to develop a hypothesis of thera
peutic effectiveness. Such studies, however,
rarely prove such effectiveness, which in most
circumstances should be established by pro-
spective randomized study. Whether one is
dealing with thetreatment of the common cold
or of cancer, and whether one is dealing with
a benign vitamin or a highly toxic chemo-
therapy program, it would seem to serve the
interest of the patient best for public advocacy
of a proposed treatment to be withheld until
that treatment had been proved effective by
definitive studies of sound scientific design.”#
The initial Mayo study was criticized
by Pauling and Cameron as they felt the two
groups were not comparable. In the initial
Cameron study, only 4 of the 100 patients had
received prior chemotherapy or radiation,
while in the first Mayo study the magjority of
patients had received prior chemotherapy. As
previously mentioned, the Mayo Clinic con-
ducted a second study with patients who had
not received prior chemotherapy or radiation.

Regarding the second study, in a personal in-
terview with Dr. Pauling, he told this au-
thor:

“1 have formulated three criteria for
validity of a clinical trial. The Mayo Clinic
paper failson all three.” When asked what the
threecriteriawere, thisiswhat he said: “Well,
first if you want to test something with a co-
hort of patients, every patient should betreated
the sameway asthe other patientsand the same
way over the period of thetrial. In the Mayo
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Clinic study, there were perhaps four separate
periods. There was a period when the vitamin
C patients received vitamin C every day. So
that would be like Cameron’s patients. They
received vitamin C every day. Then there was
a period when they didn’t receive vitamin C
and that would be a trial of patients during a
period after they receive vitamin C for awhile
and then stop it. Then there was a period when
they were being given chemotherapy. Thiswas
arather short period, maybe a month or two.
Then there was a period when they didn’t re-
celve anything after they’d been given che-
motherapy. So, there were four periods. The
first period lasted amedian time of 2.5 months
and nobody died. None of the vitamin C or
control patients died. Since none of the vita-
min C patients died you don’t have any mor-
tality data similar to Cameron’s, of patients
who received vitamin C every day until their
death. So, it just doesn’t have any relation to
Cameron’s work. Then thereis the period af -
ter thevitamin C or placebo was stopped. None
of the placebo patients died for some strange
reason. During this period, after stopping the
vitamin C, the vitamin C and placebo patients
died off at about the samerate. That’s perhaps
what you would expect, not expect the vita-
min C given the year before to be [effective].
Then there’s no information about what hap-
pened when they started giving chemotherapy
to the patients, but about 58 out of 100 got
chemotherapy and they began dying faster than
when they weren’t getting chemotherapy. So,
that may be significant. Well, that’s the first
criteria.

“The second criteriaisif you plot the
logarithm of the fraction surviving against
time, you either get astraight line or it can be
bending up, it can’t bend down unless you do
something that causesthemto die. Well, theirs
bent down because they started giving them
chemotherapy.

“Thirdly, for a well-conducted study,
the death line, surviving line extrapol ates back

to the origin. They had a period of 90 days
when only one patient died out of 100. They
should have had about 30 dying in that first
90 days according to the rate at which they
died afterward. So, there’'s something fishy
about that.”

In a personal interview with Dr. Ewan
Cameron, he said of the Mayo study: %

“They give a drug in tolerable doses
for a particular period of time and then sud-
denly stop it. If they don’t see significant re-
sultsthey goto the next drug and soon. That's
not how to test vitamin C. We' retalking about
atotally different therapy. We' retalking about
something that supportsthe patient for the rest
of hislife, not for ten weeks, which was what
the Mayo clinic did. Then they stopped it
abruptly and gave them 5FU.”

Vitamin C in the Prevention of

Cancer: Epidemiological Evidence

Thereisconsiderable epidemiological
evidence pointing to the benefits of vitamin C
in the prevention of anumber of types of can-
cer. Unfortunately, epidemiological evidence
isoften difficult to assesssince genera dietary
factors are difficult to pinpoint. For instance,
is high fruit consumption indicative of ahigh
vitamin C intake — or isit the fiber that is the
key? In addition, frequently the studies report
the effects of a number of antioxidants with-
out separating the results for each. The fol-
lowing examines epidemiological evidence
according to site of primary tumor.

Bladder: Interest in vitamin C and
cancer of thelower urinary tract, including the
bladder, stemsin part from the discovery that
dye-workers exposed to certain carcinogens
intheworkplace (which oxidize to endogenous
orthohydroxy and hydroxylamine derivatives)
were more likely to devel op bladder cancer. It
was hypothesized by at |east one group of
researchers that higher levels of ascorbate in
the urine might prevent the oxidation of these
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carcinogens. They found that a dosage of 300
mg vitamin Cintheform of 3 glassesof orange
juice daily raised urinary ascorbate to a level
capable of preventing, at |east to some degree,
the oxidation (or activation) of these
carcinogens.? The most important known risk
factor for the development of bladder cancer
is cigarette smoking.? It isinteresting to note
that cigarette smokers tend to be lower in
serum ascorbate than non-smokers.

An epidemiological study in Hawaii
comparing 195 males and 66 females with
cancer of the lower urinary tract with two
matched control s each found adecreasing risk
of cancer with increasing levels of vitamin C
consumption for women but not for men.?
Another group of researchers noted low se-
rum ascorbate levelsin the maority of 35 pa-
tients with bladder cancer.?®

Breast Cancer: Plasmalevelsof ascor-
bate were significantly lower while platelet
levelswere higher inagroup of recently diag-
nosed breast cancer patients when compared
to a matched group of controls.* Epidemio-
logical studies appear to point to ascorbate as
apossible chemopreventive for breast cancer.
In the lowa Women’'s Health Study, women
who reported consuming at least 500 mg vita-
min C daily had arelative risk of developing
breast cancer of 0.79 (not statistically signifi-
cant), compared with women who did not
supplement with vitamin C.3! Rohan et al re-
ported a small, statistically insignificant de-
crease in risks with vitamin C consumption
(asassessed by dietary reporting).*? In a Span-
ish study comparing vitamin C intake among
breast cancer patients and matched controls,
the patients reported significantly lower in-
takes of dietary vitamin C than controls.®

A meta-analysis of 12 studies and a
number of different nutrients and their
relationship to breast cancer found “vitamin
C intake had the most consistent and
statistically significant inverse association with
breast cancer risk.”* Verhoeven et a found

no significant association between vitamin C
supplementation and decreased breast cancer
risk. To make the claim asthey did, however,
that supplementation with vitamin C does not
confer protection from breast cancer, is
erroneous since their “higher doses’ were an
average of 165.3 mg daily. (The group was
divided according to supplemental intake as
reported on aquestionnaire into quintileswith
the average reported intake of vitamin C daily
ranged from 58.6 mg in the lowest quintile to
165.3 mg in the highest).*

A study to comparethe 5-year survival
rates of women diagnosed in the early stages
of breast cancer who were supplemented with
3 grams daily ascorbate, with asimilar group
who was not supplemented, found similar 5-
year survival ratesin both groups.® Since the
prognosisfor women with breast cancer which
is detected early is quite good in generd, this
IS not surprising, as you would expect a good
prognosis, with or without ascorbate supple-
mentation.

In an animal study, the effect of sele-
nium in theform of sodium selinite on protec-
tion from mammary tumorigenesis was inter-
fered with by high doses of vitamin C, while
the effect of seleno-DL-methionine was not
affected by vitamin C.*

Cervical Cancer: A Latin American
study compared nutrient intake and dietary pat-
ternsof 748 cervical cancer patientswith 1,411
controls.® The results supported a protective
affect of vitamin C against invasive cervical
cancer. Other researchers have found a simi-
lar inverse rel ationship between cervical neo-
plasiaand dietary vitamin C.3*4 A review ar-
ticleexamining anumber of studies concluded
that in many, but not all studies, an inverse
rel ationship between vitamin C status and risk
for cervical dysplasiawas observed.*

Colorectal Cancer: Colonic polypsare
recognized asafrequent precursor to colorectal
cancer. In agroup of 36 patients with polyps,
19 received 3 grams ascorbate daily and 17
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received placebo. The researchers noted a
decrease in polyp area after nine months of
treatment with ascorbate but not placebo. In
addition, a trend toward decrease in polyp
number was noted.*? Other researchers have
used antioxidants to prevent recurrence of
polypsin patientswho had undergone surgical
removal of their polyps. Patientswere divided
into three groups receiving either lactulose, a
combination of vitamins A, C, and E, or
nothing. Among 209 patients, polypsrecurred
in 5.7 percent of those given the vitamins, in
14.7 percent of those receiving lactulose, and
in 35.9 percent of the untreated controls.”®

AnAustralian study examining dietary
habitsand incidence of colorectal cancer found
vitamin C but not A to be protective.** A simi-
lar study on patients of amajor health planin
Los Angeles found a weak inverse relation-
ship between supplemental and dietary vita-
min C and incidence of colorectal cancer.*

Esophageal Cancer: Esophageal can-
cer is among the more common types found
inLin-Xian County in northern China. Higher
levels of nitrosamines have been detected in
the gastric juices and urine of people in this
area compared to those from a low-risk area
of China. A positive correlation was found
between esophageal lesions and nitrosamine
levels. Intake of moderate doses of ascorbic
acid by Lin-Xian subjects was found to de-
crease urinary nitrosamines to the level de-
tected in the low-risk area. s

The relationships of dietary and
supplemental factors with esophageal cancer
were examined in 147 males with esophageal
cancer and 264 males with other diagnoses at
Roswell Park Memorial Institute. Vitamins C,
A, and intakes of fruits and vegetables were
associated with decreased risks of esophageal
cancer.*’

Leukemia: Anin vitro examination of
bone marrow cells taken from patients with
acute nonlymphocytic leukemia was con-
ducted. The cellswere allowed to colonize on
agar culture. In seven of 28 patients, the num-

bers of leukemic cell colonies were reduced
to 21 percent of that of controls by the addi-
tion of ascorbate to the culture medium. Nei-
ther glutathione (similar oxidation-reduction
potential asascorbate) or HCI (added to cause
a comparable pH reduction to ascorbic acid)
resulted in a decrease in colonization. It was
the researchers opinion that ...“ suppression
was a specific effect of L-ascorbic acid and
was not due to its oxidation-reduction poten-
tial or pH change. L eukemic cellswere selec-
tively affected at an L-ascorbic acid concen-
tration attainable in vivo while normal he-
mopoi etic cells were not suppressed.”#®

Lung Cancer: Blood samplesfrom 139
lung cancer patients were examined for both
plasma and buffy coat ascorbate levels. Most
samples showed hypovitaminosis C below the
levels for clinical scurvy.® Other researchers
found hypovitaminosis C in the majority of
24 lung cancer patients.® The First National
Health and Nutrition Examination Survey re-
lated dietary habits with lung cancer risk. An
estimate of dietary vitamin C intake by 24-
hour recall was used. The amount of vitamin
C in vitamins was estimated (i.e., guessed to
be 60 mg in amultiple and 500 mg if taken as
a sole supplement). The researchers found a
protective effect of vitamin C (aswell asvita-
min E and carotenes) from dietary sources of
these vitamins but reported no added benefit
from vitamin supplementation.>

Non-Hodgkin’s Lymphoma: An epide-
miological study of factorscontributing to non-
Hodgkin’s lymphoma (NHL) in men and
women in Nebraska found a statistically sig-
nificant inverse relationship between intakes
of vitamin C, carotenes, green leafy vegetables
and citrus fruits, and incidence of NHL.>

Pancreatic Cancer: A review of the
epidemiological evidence of a dietary link to
pancreatic cancer reported consistent inverse
rel ationships between vitamin C and fiber, and
the incidence of pancreatic cancer.>?
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Reticulum Cell Sarcoma: Cameron et
al reported on a case of disseminated reticu-
lum cell sarcoma successfully treated with
high dose ascorbate. Within 10 days of begin-
ning treatment the patient felt subjectively
much better and subsequent chest x-raysindi-
cated he had goneinto remission. When ascor-
bic acid was discontinued, reactivation of the
disease coincided. A second but slower com-
plete remission occurred when vitamin C was
reinstated.*

Salivary Cancer: A case-control study
conducted in the San Francisco areaexamined
dietary effects on incidence of salivary gland
cancer. When 141 patientswith salivary gland
cancer were compared to 271 controls, it was
determined that vitamin C intake of greater
than 200 mg daily compared to 100 mg daily
or lessresulted in a60 percent decreaseinin-
cidence of salivary gland cancer.>

Stomach/Gastrointestinal Cancer:
Therearenormally high levelsof ascorbic acid
in the gastric mucosa and gastric juices, sug-
gesting that vitamin C might play an impor-
tant metabolic role in the stomach.%®
Helicobacter pylori has been implicated as a
risk factor for gastric cancer. In agroup of 88
dyspeptic patients, 58 tested positive for H.
pylori. Gastric juice vitamin C levels were
examined in these patientsaswell asinthe H.
pylori-negative patients. Gastric ascorbate lev-
els were significantly lower in the H. pylori-
positive group when compared both with the
negative group and to themselves after eradi-
cation of the bacteria.>®

Cohen and associates examined epide-
miological studiesand found 9 of 10 case-con-
trol studies and 10 of 11 non-controlled stud-
ies yielded a significant inverse relationship
between ascorbic acid intake and stomach can-
cer risk.5” Administration of vitamin C to pa-
tients with asymptomatic peptic ulcer disease
resulted in a decrease in DNA damage in 28
of 43 subjects.®

Safety of Vitamin C

Due to the popularity of vitamin C as
anutritional supplement, arash of potentially
harmful side-effects have been reported, in-
cluding: calcium oxalate kidney stones, B-12
destruction, iron overload, and elevated uri-
nary uric acid. Although reports have been con-
tradictory, an extensive literature search
yielded a lack of support for these effects in
healthy individuals.®® Ingestion of large
amounts of vitamin C results in only small
increasesin urinary oxalates® or urates.®* Un-
til moreinformationisavailableitis probably
prudent to avoid high doses of ascorbate in
calcium oxalate stone formers, with patients
ondiaysisor with seriouskidney disease,*and
possibly in patients with hemochromatosisand
other iron overload diseases.?

Cameron and Campbell reported on
the catastrophic effect of vitamin C in a cer-
tain sub-population of terminal cancer patients.
These patients suffered from widely dissemi-
nated metastasis and the administration of high
doses of ascorbate provoked tumor hemor-
rhage and necrosis, resulting in the destruc-
tion of the tumor but the concomitant death of
the patient.’®

Recently, a team of researchers in
England reported in a one-page scientific
correspondence to the journal, Nature, that
higher dosages of vitamin C (500 mg daily)
could actually have a pro-oxidant, rather than
an antioxidant effect by reacting with metal
ionsin DNA. They found that whilethe blood
samples from patients supplemented with
vitamin C showed antioxidant effects on
guanine, the oxidation of another purine,
adenine, seemed to be increased.®? They
concluded that vitamin C can be dangerous.
Certainly vitamin C has the potential to
produce free radicals in the form of ascorbyl
radicalsin the same way that vitamin E forms
tocopheryl radicals. A symbiotic relationship
occurs with each quenching the other’s
radicals. Thus, administration of high doses
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of vitamin C may best be accompanied by
vitamin E. In addition, the fact that adenine
was oxidized may have nothing to do with the
ascorbic acid and everything to do with the
test procedures. Jenner et al, reported frequent
artifactual oxidation of DNA bases unless
specific precautions are taken.®

Conclusions

Vitamin C in high dosages appears to
be safe for the mgority of individuals. Exten-
sive epidemiological evidence points to the
capacity of ascorbic acid to prevent cancer at
anumber of sites. In addition, some of thelim-
ited studieswhich have been conducted on the
use of high dose ascorbate in the treatment of
cancer have yielded promising results. While
vitamin C alone may not be enough of an in-
tervention in the treatment of most active can-
cers, sinceit appearsto improve quality of life
and extend survival time, it should be consid-
ered as part of atreatment protocol for al pa-
tients with cancer, whether they have chosen
a primarily orthodox, aternative medical, or
complementary approach.
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