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Vitamin C and Cancer: Is There A Use
For Oral Vitamin C?

Steve Hickey, PhD;1 Hilary Roberts, PhD1

Abstract  For several decades, the role of vitamin C in the treatment of cancer has been a subject 
of clinical research and controversy. It has been established that ascorbate is potentially a safe and 
e!ective anti-cancer agent, able to kill cancer cells while leaving healthy cells unharmed. However, 
its role has been viewed in the context of existing cytotoxic chemotherapy models of medicine. Conse-
quently, many doctors and patients have come to believe that only intravenous vitamin C adminis-
tration is an e!ective treatment for cancer. We suggest that this view is misguided and oral intakes 
are preferable.  

1 Newlyn Research Group, Newlyn, Penzance, Cornwall, England; newlynresearchgroup@gmail.com

Introduction
Methods and technologies designed for 

drug therapies do not always apply to or-
thomolecular medicine. One current debate is 
the use of cytotoxic chemotherapy as a model 
for the use of vitamin C in cancer. Some claim 
that intravenous (IV) ascorbate is required to 
produce cytotoxic levels in the body. Here we 
show that restricting delivery to the IV route 
is inconsistent with available clinical,1 animal,2 
and experimental data.3 Furthermore, there 
are strong indications that, as a treatment for 
cancer, oral vitamin C is potentially more ef-
fective than IV administration.

!e use of intravenous vitamin C in 
clinical trials has not delivered the promising 
results of early studies.4 Recent studies have 
assumed that, in the early clinical trials, IV 
administration resulted in successful life ex-
tension. By contrast, Hickey and others have 
suggested that the use of IV ascorbate may 
generate resistance to treatment, rather than 
the expected bene"ts.5,6 !is contrasting 
idea has also been challenged.7,8 We point 
out the main di#erences between oral and 

IV administration of ascorbate, and explain 
why oral intakes are likely to be more e#ec-
tive for the treatment of cancer.
Cancer Biology

Cancer is often misunderstood as a dis-
ease based on genetic mutation. !us, mod-
ern cancer research often attempts to "nd 
the gene, or genes, that lead to the illness. 
In some cases, there are correlations between 
cancer and either oncogenes (which are ac-
tivated or increased) or tumour suppressor 
genes (which are deactivated or lowered). 
However, the genetic di#erences between 
healthy cells—or, indeed, benign cancer 
cells—and malignant cells are enormous. 
Malignant cells are aneuploid9,10 and, even 
in a single tumour, they can have vastly dif-
ferent numbers of chromosomes from the 
standard 23 matched pairs of healthy cells 
(ranging, say, from only 10 chromosomes 
to 100+). !is change can be explained par-
simoniously as a failure of the cancer cells’ 
mechanisms for control of chromosome 
copying and cell division. 
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Biology is normally considered within 
the framework of evolution. Similarly, can-
cer can be viewed in terms of cellular micro-
evolution, towards what we might refer to as 
“sel"sh cells.”11 !e implication for carcino-
genesis is that anything that causes error-
prone cell proliferation will, in the long-
term, result in cancer. For example, local 
oxidation drives cell proliferation via redox 
signalling and free radical damage. When 
this happens, a lack of antioxidants—wheth-
er through dietary de"ciency or because cells 
lack the energy to produce them—will drive 
carcinogenesis and increase the risk of can-
cer. !is explains the widespread "nding that 
dietary antioxidants prevent cancer. 

!e changes that occur during a cell’s 
transition from healthy to malignant include 
varying responses to antioxidants and oxi-
dants. Typically, malignant cells rely on oxi-
dation to drive growth; however, they must 
strike a balance, as too much oxidation can 
kill the cells.12 To a "rst approximation, both 
chemotherapy and radiotherapy work by 
increasing local oxidation and causing free 
radical damage, with the aim of either killing 
cancer cells directly, or stimulating apoptosis 
(cell suicide). 

Antioxidants function in the opposite 
way: they decrease oxidation and may thus 
protect malignant cells from the oxidative 
e#ects of conventional treatments. For this 
reason, the use of standard dose antioxidant 
supplements in treating cancer is highly sus-
pect, despite them being one of the main 
ways a person can avoid getting the disease 
in the "rst place. 

Fortunately, within tumours, vitamin C 
and certain other dietary “antioxidants” act 
as oxidants, rather than antioxidants. More-
over, the same substances act as antioxidants 
within healthy cells. !is means they can 
destroy cancer cells, while simultaneously 
improving the health of the rest of the body. 
!is consequence of the redox chemistry of 
vitamin C and related substances is crucial to 
how they should be used for the prevention 
and treatment of cancer.

Microevolution provides a parsimonious 
explanation for the development of cancer.11 

One common consequence of carcinogenic 
microevolution is that tumours have a di#er-
ent metabolism than healthy cells. According 
to the microevolutionary model, the devel-
opment of anaerobic metabolism is not sur-
prising because, in its early stages, a tumour’s 
growth is restricted by its lack of blood ves-
sels.13 Cells that are relatively far from blood 
vessels become short of oxygen and other 
metabolites. !us, selection pressure favours 
anaerobic cells, which use glycolysis for en-
ergy, avoiding the need for oxygen. Until the 
tumour learns (i.e., evolves) to stimulate local 
blood vessel growth, it remains small and its 
growth is limited. However, given time and 
a diversity of cell types, cancer cells that can 
stimulate the growth of local blood vessels 
will probably occur and will have a selective 
advantage over those that cannot.      

Cells that divide with errors are likely 
to diverge from the normal, healthy form.11 
Slightly abnormal cells become subject to se-
lection pressures, as the body responds with 
immune and other mechanisms to help pre-
vent cancer. In abnormal and varying cells, 
such pressure favours those cells that have 
increased "tness. In this context, “increased 
"tness” means they behave like malignant 
cells, reproducing, spreading into their local 
environment, and setting up distant colonies 
(metastases). 

!e biochemistry of human cells includes 
essential core mechanisms that we share with 
microorganisms; over an evolutionary times-
cale, these have become stable. By contrast, 
the signalling and other cooperative mecha-
nisms, needed in the tissues of multicellular 
organisms, are more recent and less robust. 
Damaged human cells thus have a tendency 
to revert to the precursor forms that helped 
microorganisms to become so successful. 
When cells from a multicellular animal, such 
as a human, regress to such single-celled be-
haviour, we call the cells cancerous.
Adaptation

!e large variation in chromosome num-
bers found in some tumours is an indication 
of biological diversity. A malignant tumour 
is not a clonal multiplication of a single cell 
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type, but a diverse ecosystem. Malignant 
cells compete, cooperate, and communicate 
between themselves and with nearby healthy 
cells. Even among inanimate agents, popu-
lations with these characteristics often dis-
play an emergent property, sometimes called 
swarm intelligence.14 Classic examples of 
$ocking behaviour include the behaviour of 
$ocks of birds or shoals of "sh. Such popula-
tions often exhibit adaptation to threats, and 
this is also apparent in the way cancer cells 
develop resistance to treatment. 

Resistance is perhaps the single most 
important issue in the treatment of cancer. 
Its eradication would be less demanding 
without its rapid development of tolerance 
to treatment. By de"nition, an anticancer 
drug is toxic to the population of cancer 
cells. However, some cells may get a lower 
than average dose: perhaps they have a rela-
tively poor blood supply or are otherwise 
shielded from the drug. Alternatively, the 
duration of treatment may be insu%cient for 
the drug to penetrate the whole tumour, al-
lowing certain cells to survive the treatment. 
Furthermore, because of biological variation, 
some cancer cells are naturally more resistant 
to toxicity. Chemotherapy and radiotherapy 
kill the most susceptible cancer cells, while 
sparing the resistant cells. !ese resistant 
cells are now free from competition from 
cells that were easy to kill or damage and 
can thus grow more rapidly. In such cases, 
a tumour may be seen to shrink temporar-
ily but then to grow back, as the aggressive 
cancer cells assert their dominance. Such 
adaptation is usually described as resistance 
to treatment, but it is an example of natural 
selection, occurring in a population of cells. 
Since the days of Wallace and Darwin, this 
selective process has been one of the well-
studied phenomena in biology.

!e primary problem in treating cancer 
is to deal with the cancer’s natural variability 
and its resultant capacity to adapt to toxic-
ity. It is well known that a cancer may re-
spond to any single drug or other treatment, 
by avoiding its mechanisms of action. If the 
drug blocks an oncogene, for example, a cell 
using a di#erent oncogene may proliferate. 

Alternatively, a cell with a disabled tumour 
suppressor gene may thrive, as competition 
is reduced. Generally, toxicity is not absolute 
and resistance can evolve rapidly. 

Once again, nutrients need particular 
consideration. By de"nition, a nutrient is 
used for cellular health and growth. Provid-
ing nutrients to strengthen patients, or their 
immune systems, can equally deliver growth 
promoters, e.g., folic acid or iron, to a tu-
mour. However, the cancer needs nutrients to 
grow and may be sensitive to the depletion 
of speci"c molecules. Relative deprivation of 
required nutrients will slow or reverse can-
cer growth, but the speci"c nutrients need 
to be identi"ed and may vary with the in-
dividual and condition. One nutritional ap-
proach that a cancer cannot avoid is if it is 
starved of usable energy. Physically, the can-
cer needs energy to grow or even to continue 
to survive. “Starving” the cancer is a potential 
treatment,2 and is part of the reason patients 
should avoid carbohydrates and sugars.

A standard way of dealing with the is-
sue of adaptation was developed as a result 
of experience with antibiotics. Bacteria have 
been found to adapt to antibiotic drugs, 
which are therefore given continuously, in 
order to apply a constant selection pressure 
on the infectious microorganism. In tuber-
culosis and some other chronic infections, 
multiple antibiotics may be given together. 
Bacterial adaptation to the treatment would 
then require a response that simultaneously 
overcomes multiple antibiotic mechanisms 
of action; this is far less likely to occur. 

A critical point in preventing antibiotic 
resistance is to avoid starting and stopping 
the treatment, thus patients are warned to 
complete the whole course. !is is because 
each break in treatment provides respite to 
the microorganisms and makes it more likely 
that they will develop an adaptive response. 
In principle, the mechanisms of resistance 
of bacteria to antibiotics are similar to those 
of cancer cells to chemotoxic therapies. By 
analogy, therefore, cancer treatment should 
be given continuously. Unfortunately, most 
conventional therapies are too toxic to be 
given long-term.   
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The Chemotherapy Model
Conventional chemotherapy exploits 

a di#erence in the susceptibility of cancer 
cells and healthy cells to toxic treatments. 
Cancer cells are slightly more susceptible to 
ionizing radiation and to some poisons, par-
ticularly those that involve free radical dam-
age. However, the di#erence in response is 
small: a dose of a drug that is high enough to 
kill cancer cells will typically be toxic to the 
host’s other cells as well. !e side-e#ects of 
radiation and chemotherapy are well known 
and form part of the media image of a can-
cer patient. In giving such treatment, on-
cologists aim to give the maximum e#ective 
dose, while minimizing harm to the patient.

For some rare cancers, such as childhood 
leukaemia and testicular cancer, conven-
tional chemotherapy is bene"cial. However, 
chemotherapy is a hotly debated topic.15 For 
the vast majority of adult solid tumours, it 
o#ers little, if any, life extension and the side 
e#ects may dominate any potential bene"t. 
Importantly, the more precisely targeted the 
therapy, the greater is the chance that diverse 
cancer cells can adapt. Chemotherapy gener-
ally cannot be given in high enough doses to 
kill the tumour outright, without also killing 
the patient. Moreover, it cannot be contin-
ued at a lower level for a prolonged period, 
since a heuristic in pharmacology is that the 
toxicity is proportional to the total dose.
Natural Redox Agents

!e development of cancer cells is a 
consequence of microevolutionary processes. 
Another consequence of evolution is that 
some natural substances have powerful an-
ticancer properties. Cells in multicellular 
organisms, including plants, have evolved 
the ability to cooperate and to suppress the 
development of cancer. !e list of natural 
anticancer substances is long and includes 
curcumin (turmeric), green tea extract, sele-
nium, alpha-lipoic acid, and many other sup-
plements. Every so often, a research group 
claims a breakthrough in "nding a safe an-
ticancer molecule,16,17 without realizing that 
such substances are ubiquitous. We are par-
ticularly interested in vitamin C, which acts 

safely as an antioxidant in healthy tissues 
and an oxidant in tumours. In other words, it 
is the archetype for anti-cancer treatments.3 

A range of redox active molecules have 
the property of killing cancer cells, while 
helping healthy cells. Vitamin C may be 
considered unique in the respect it can be 
given in massive doses, with a high degree of 
safety. Although it is theoretically possible to 
give a toxic dose of vitamin C, it is less likely 
than an overdose of water, which occasion-
ally results in death. Oral doses of vitamin C 
have a single established but minor side ef-
fect: loose stools (diarrhoea). Obviously, cli-
nicians giving large intravenous doses need 
to realize the potential for toxic reactions, 
particularly with cancer patients, as tumour 
necrosis can occur.
Bowel Tolerance and Dynamic Flow

!e late Dr. Robert Cathcart described 
how tolerance to oral doses varies with the 
individual’s state of health.18 In healthy peo-
ple, as the dose of vitamin C is increased, 
progressively less is absorbed. !e concentra-
tion of vitamin C builds up in the intestines, 
attracting water. At some point, usually after 
consuming several grams in a single dose, 
the unabsorbed vitamin C causes diarrhoea. 
Cathcart noticed, however, that sick or 
stressed individuals could take exceptionally 
large doses, without reaching their bowel 
tolerance level. !is bowel tolerance e#ect is 
large and obvious. So, for example, a person 
might tolerate well over 100 grams per day 
when acutely ill but have a bowel tolerance 
of 3 grams per day when healthy. !e mag-
nitude and easy reproducibility of this e#ect 
suggests that it is important to the mecha-
nism of action with oral intakes.

Cathcart’s bowel tolerance observations 
imply that, during illness, the body responds 
by absorbing as much vitamin C as possible 
from the gut. A healthy person will absorb 
only a fraction of a single gram dose, where-
as a sick person seemingly absorbs almost all 
of a 10 gram dose. !is increased absorption 
does not necessarily produce an abundance 
of vitamin C in the blood. During illness, 
the use of vitamin C by the tissues appears 
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to increase dramatically, producing a relative 
de"cit in the blood plasma.  Together with 
Cathcart, we explained these "ndings in 
relation to high oral doses of vitamin C, in 
terms of a dynamic $ow through the body.19

Dynamic $ow occurs when “excess” vi-
tamin C is available in the diet and gut. In 
good health, a proportion is absorbed and 
the rest is excreted. During illness, the body 
absorbs more from the gut, in an attempt 
to match the increased tissue requirements 
for antioxidants (or, to be more precise, for 
redox reactions). !e result is a $ow of vita-
min C through the body; absorbed into the 
blood, it acts as an antioxidant (or oxidant) 
in the tissues, following which spent ascor-
bate is excreted in the urine. According to 
this model, the oft-cited “expensive urine” 
argument20 against high doses of vitamin C 
is reinterpreted, as an essential and bene"cial 
aspect of its biological function.  
Blood Plasma Levels

When given by injection, the initial 
ascorbate level is determined by the mass of 
the vitamin dose and the volume of plasma. 
Even a small, gram level dose can produce 
immediate plasma levels in the millimole 
range.21 However, the plasma level drops rap-
idly, with a half-life of 0.5 hours.19 !e base-
line for this rapid excretion is a plasma level 
of about 60-70 µM/L. Below this level, the 
vitamin is conserved and excretion is slow, 
with a half-life measured in days to weeks, 
in healthy individuals. !is conservation of 
ascorbate protects against acute scurvy and, 
thus, the baseline maintenance level may be 
taken as the minimum level for short-term 
health. In a healthy adult, 200 mg/day can 
preserve this baseline. However, such an in-
take assumes an unrealistic absence of illness 
or stress, which can rapidly deplete plasma 
levels.

When healthy people take high doses of 
vitamin C orally, absorption is incomplete 
and gradual, re$ecting a balance between ex-
cretion and absorption. !e plasma levels in-
crease over an hour or two, to a level of about 
250 µM/L, then gradually decay, returning to 
baseline after, perhaps, six hours. It is some-

times claimed that the plasma levels are sat-
urated, or tightly controlled, at <100 µM/L, 
with a 200 mg/day oral intake,21 but this is 
a misunderstanding. Firstly, the data for dy-
namic $ow using repeated oral doses indi-
cates that an intake of 20 g/day (20,000 mg/
day in divided doses) can maintain plasma 
levels at approximately 250 µM/L.22 More-
over, the massively increased Cathcart bowel 
tolerance in sick people, who can sometimes 
consume up to 200-300 g/day, re$ects a 
greater absorptive capacity.

!e availability of liposomal vitamin C 
has increased the plasma levels attainable 
with oral doses. !ese formulations greatly 
increase absorption in healthy individuals, to 
perhaps 90% of an oral dose. Our prelimi-
nary results indicated that a large single oral 
dose of liposomes could increase plasma lev-
els of free ascorbate to a maximum of at least 
400 µM/L.22 We point out that this is free 
ascorbate, so does not include the amount 
that remains in intact liposomes, or that 
might be expected to have been absorbed 
into the tissues, given the form of adminis-
tration.23 Initial measurements suggest that 
liposomes and standard oral ascorbic acid 
are absorbed by independent mechanisms 
and that a combination of both can yield 
free molecule plasma levels at >800 µM/L. 
Importantly, such plasma levels can be sus-
tained inde"nitely using oral doses.
Clinical Trials

Cameron and Pauling performed a 
preliminary clinical trial, on the use of vi-
tamin C in 100 terminal cancer patients.24 
!eir results were remarkable, with vitamin 
C increasing the mean survival time more 
than 4.2 times, from 50 days (controls) to 
more than 200 days (treated). !ey reported 
that most treated patients had a lower risk 
of death and improved quality of life, while 
about 10% (13 patients) had survival times 
around 20 times longer than those of the 
control patients.

Cameron treated 100 patients, who he 
compared with 1,000 matched controls. !e 
lack of randomization of the groups was 
later criticized as a limitation of the study.25 
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However, this objection does not explain 
the observed di#erence in survival rates, as 
any selection bias would have needed to be 
unusually large to produce such results, and 
is inconsistent with the experiment as de-
scribed. We have estimated that in order to 
select 100 patients with the observed char-
acteristics, the experimenters would have 
needed about 7,000 patient records and the 
process would have taken nearly four person-
years, assuming one hour per patient. Given 
the selection described for the study, it is im-
plausible that patients were selected in this 
way. !e survival curves for Cameron’s ex-
periment are shown in Figure 1 (p.39). 

!e protocol included an initial 10 day 
course of IV ascorbate, at a relatively low 
daily dose of 10 g/day, followed by continu-
ous oral intakes of 10-30 g/day, in divided 
doses. Notably, Cameron emphasized mul-
tiple oral dosing, to maintain plasma levels.26 

He warned against intermittent injections, 
which would give saw-tooth plasma levels 
and might produce a rebound e#ect.

In 1982, Murata and Morishige also re-
ported extended survival times from the use 
of vitamin C in cancer.27 !ese Japanese re-
searchers used oral doses of up to 30 g/day, 
supplemented with relatively low-dose 10-20 
g IV infusions. !eir reported survival times 
were 43 days for 44 low-ascorbate patients, 
compared to 246 days for 55 high-ascorbate 
patients (5.7 times longer). In another Japa-
nese hospital, the researchers reported sur-
vival times of 48 days for 19 control patients, 
compared to 115 days for six treated pa-
tients. Furthermore, at the time of publica-
tion, some treated patients were still alive. In 
1982 Murata and Morishige had replicated 
the Cameron and Pauling trial with similar 
encouraging results, as shown in their sur-
vival chart, reproduced in Figure 2 (p.39).  

Results have not all been so positive. In 
1985, Creagan and Moertel of the Mayo 
Clinic published the results of clinical trials, 
claiming to replicate Cameron and Pauling’s 
study. !ey compared 60 patients, who re-
ceived 10 g/day vitamin C orally, to 63 con-
trols.28 In a further study, they randomized 
one hundred patients with colorectal cancer 

into two groups: the treatment group re-
ceived 10 g of vitamin C per day and control 
patients were given a placebo.29 Creagan and 
Moertel failed to demonstrate a bene"t. We 
would be keen to take a closer look at their 
"ndings, as was the late Linus Pauling, but 
these researchers have declined to release 
their raw data for independent analysis. 

Since the Mayo Clinic studies, some 
researchers have attempted to explain away 
the negative "ndings by suggesting that the 
positive studies used IV ascorbate, whereas 
the negative studies used oral intakes.30,31 
!e implication of this is that oral intakes 
cannot reach the levels needed to kill cancer 
cells, whereas injected ascorbate can reach 
the necessary cytotoxic levels. !is interpre-
tation is an error, which seems to have arisen 
through analogy with chemotherapy.

Although there were technical problems 
with the control selection in the Cameron 
and Pauling study, these were not su%cient 
to invalidate the results. By contrast, the 
Creagan and Moertel trials demonstrate a 
lack of understanding of the basic science, 
particularly the pharmacokinetics and short 
half-life of vitamin C. Perhaps Mayo Clinic 
researchers have begun to appreciate the dif-
"culties with these negative studies, since the 
Mayo Clinic website currently states “more 
well-designed studies [on vitamin C and 
cancer] are needed before a "rm recommen-
dation can be made.”32 We agree, and would 
place the emphasis on “well-designed.”

Unfortunately, the Mayo Clinic studies 
did not take into account the short half-life 
of high-dose vitamin C, so their studies were 
$awed in terms of the basic science.19 Ironi-
cally, proponents of vitamin C as chemother-
apy suggest that the early positive trial results 
were just serendipity.30,31 !ey claim that 
Pauling, arguably one of the greatest scien-
tists in history, “may not have fully appreciat-
ed the critical di#erence between intravenous 
and oral administration.”31 !is odd sugges-
tion is easily refuted from Pauling’s writings 
and those of his colleague Cameron.1 

With some irony, we must point out 
that the suggestion that oral doses are inef-
fective is a fallacy. Firstly, however, we restate 
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Figure 1. Cameron and Pauling’s results indicate that (mostly oral) high-dose vitamin C can 
produce a large increase in survival time for a range of tumours.

Figure 2. Representation of the Murata and Morishiga survival data, extracted from 
their figure. Low ascorbate (≤4g a day) and high ascorbate (≥5g a day) groups are shown 
(dashed and solid lines respectively). The increase in survival with dose is clear.
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that Cameron and Pauling, and Murata and 
Morishige, used predominantly oral doses, 
with the stated aim of maintaining plasma 
levels. Furthermore, Ho#er also replicated 
the early trials, using oral vitamin C in can-
cer patients, and obtained similar positive 
results,33 as shown in Figure 3, (p.41).

!e mean survival time for his 31 con-
trols was 5.7 months. He treated approxi-
mately one hundred patients, of whom he 
classi"ed 20% as “poor responders,” even 
though they lived for approximately twice as 
long as controls (10 months). !e remaining 
80% of patients he classed as “good respond-
ers.” Of these, 32 patients, with cancers of the 
breast, ovary, cervix, or uterus, had a mean 
survival time of 122 months, and 47 patients, 
with other cancers, had a mean survival time 
of 72 months. !e assertion that oral doses 
of vitamin C are ine#ective is not consistent 
with the data from these trials.
Selective Cytotoxicity

An understanding of the short-term tox-
icity of ascorbate to cancer cells is relevant to 
the chemotherapy model of vitamin C treat-
ment. In such experiments, either a cancer 
cell line or healthy cells are treated with vi-
tamin C for about an hour, and its toxicity 
is estimated. As an example, Figure 4 (p.41) 
shows results from Chen et al,34 showing 
the selective toxicity of vitamin C to tumour 
cells and healthy white blood cells (mono-
cytes). !e results show that Burkitt’s lym-
phoma tumour cells start to die at relatively 
low levels of ascorbate, and with an hour’s 
exposure at a concentration of 1,000 µM/L, 
cell death is approximately complete. Similar 
results have been demonstrated with other 
cancer cell lines, although experimental cell 
lines di#er in their sensitivity.35,36 

!e “vitamin C as chemotherapy” model 
assumes delivery of a relatively short, high 
burst of ascorbate. However, this does not 
apply to oral doses, which can be used to 
produce long term, sustained plasma levels. 
!e question arises, what happens when the 
treatment with ascorbate is maintained over 
a prolonged time period? Figure 5 (p.42) il-
lustrates data calculated from Takemura et 

al, using mesothelioma cell lines.37 !ese 
data show a large increase in cancer toxicity 
when the experimental exposure time was 
increased from 1 hour to 24 hours. In some 
cases, a prolonged exposure to vitamin C at a 
concentration of 100 µM/L, a level easily sus-
tained with oral supplementation, was found 
to be more e#ective than a short exposure at 
the much higher level of 1,000 µM/L.

Despite this, it is important to remem-
ber that vitamin C on its own is a relatively 
weak anticancer agent. Crucially, however, it 
can be used as a driver, to supply electrons 
to synergistic redox agents. Often, such sub-
stances combine in a Fenton style reaction, 
generating hydrogen peroxide which kills 
cancer cells. Numerous other mechanisms 
may also be involved, such as inhibition by 
the combination of vitamin C and alpha-
lipoic acid of NF-kappaB, which is involved 
in the control of DNA copying during cell 
replication.38 When combined with vitamin 
K3, the concentration of vitamin C needed 
to kill cells is massively reduced (by a factor 
of 10-50).39  Similarly, alpha-lipoic acid,40 
copper,41 selenium, and other redox active 
supplements greatly increase the selective 
cytotoxicity of ascorbate.12 
Conclusions

Establishing the role of vitamin C in 
cancer is a challenging research endeavour. 
!e pharmacokinetics of vitamin C is more 
complicated than that of a typical drug. It has 
dual phase pharmacokinetics, with a short 
half-life for high doses and a long half-life 
for lower intakes. Importantly, the mecha-
nisms underlying Cathcart’s bowel toler-
ance e#ect during illness and stress do not 
yet have a scienti"c explanation. Although 
the e#ect is easily reproduced, it has been 
ignored by medical and nutritional research. 
With hindsight, it is clear that the simplis-
tic “vitamin C as chemotherapy” research 
paradigm was likely to be misleading. We 
need to reconsider the available data, using 
orthomolecular concepts.

!e rather startling clinical results of 
Cameron, Pauling, Murata, and Ho#er were 
not a result of the use of intravenous admin-
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Figure 3. Representation of Hoffer’s results on vitamin C treated patients and controls. 
These results with oral doses support those obtained by Cameron and Pauling, and Murata 
and Morishiga.

Figure 4.  Experimental cell death following a one hour exposure to ascorbate in Burkitt’s 
lymphoma cells (solid line) and healthy monocyte white blood cells (dotted line). The response of 
the tumour cells is approximately sigmoid. The majority of cell death occurs in the range of blood 
plasma values achievable using oral ascorbic acid and liposomal vitamin C (250-800 µM/L). 
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istration. Ho#er used oral doses exclusively, 
yet obtained results consistent with those of 
Cameron and Pauling. Cameron used some 
intravenous administration, but the majority 
of vitamin C in his studies was given orally. 
Indeed, he urged that levels should be sus-
tained and warned against $uctuations, which 
are inevitable with intermittent intravenous 
infusions. Some have assumed that Murata 
and Morishiga’s study used intravenous ad-
ministration of ascorbate,42 but the paper 
states that supplemental (0.5 g-1 g), oral (6 
g to 30 g), and intravenous routes (10-20 g) 
were employed.27 

Clinical results using intravenous ascor-
bate as chemotherapy have not lived up to 
the promise of the early trials.4 One reason 
for this is that IV administration produces 
high but short-lived blood plasma levels. !e 
assumption that a short sharp pulse of vita-
min C will be more e#ective than a lower 
level prolonged exposure is not supported by 
the experimental data. As we have described, 
extending the exposure time more than 

compensates for a reduction in concentra-
tion. Indeed, longer exposures can be orders 
of magnitude more e#ective than short ones. 
!e concentrations required to be cytotoxic 
over longer periods are much lower. Oral 
intakes, particularly with combined use of 
ascorbic acid and liposomal vitamin C, can 
easily achieve and maintain adequate levels 
for selective cytotoxicity.

Finally, the use of vitamin C as a sole 
anticancer agent is not recommended, as its 
anticancer actions are known to be greatly 
enhanced through use of synergistic supple-
ments, such as alpha-lipoic acid. In clinical 
trials, it might be appropriate to study vita-
min C in isolation, if the medical problem 
were to determine the details of its mecha-
nism of action. However, such mechanisms 
can be determined using animal and experi-
mental studies. We therefore see little rea-
son to deprive patients of a more optimal 
therapy, purely in an attempt to determine 
the action of vitamin C in isolation. !ere is 
a more pressing and practical issue: the real 

Figure 5. Increasing the experimental exposure of cancer cells from 1 to 24 hours greatly 
increases the anticancer activity. The ratio is relative to the effectiveness of 1,000 µM/L for 
one hour for mesothelioma cell lines. 
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medical problem is to keep cancer patients 
alive and healthy, for as long as possible.
Competing Interests

!e authors declare that they have no 
competing interests.
References
1. Cameron E. Pauling L:  Cancer and Vitamin C:  

A Discussion of the Nature, Causes, Prevention and 
Treatment of Cancer with Special Reference to the 
Value of Vitamin C. Philadelphia, PA. Camino 
Books. 1993. 

2.  Robinson AB, Hunsberger A, Westall FC:  Sup-
pression of squamous cell carcinoma in hairless 
mice by dietary nutrient variation. Mech Ageing 
Dev, 1994; 76: 201-214.

3. Benade L, Howard T, Burk D:  Synergistic killing 
of Ehrlich ascites carcinoma cells by ascorbate and 
3-amino-1, 2, 4, -triazole. Oncology, 1969; 23: 33-
43.

4. Ho#er LJ, Levine M, Assouline S, et al:  Phase I 
clinical trial of i.v. ascorbic acid in advanced ma-
lignancy. Ann Oncol, 2008; 19: 1969-1974.

5. Hickey S, Roberts H:  Results of study in line with 
predictions. E-Letter. Ann Oncol, 2008( June 18). 
Retrieved from:  [http: //annonc.oxfordjournals.
org/content/19/11/1969.abstract/reply#annonc_
el_176].

6. Noriega LA, Hickey S, Roberts H:  Re:  Re:  Re-
sults of study in line with predictions. E-Letter. 
Ann Oncol, 2008(Nov 20). Retrieved from:  [http: 
//annonc.oxfordjournals.org/content/19/11/1969.
abstract/reply#annonc_el_176].

7. Ho#er LJ:  Re:  Results of study in line with 
predictions. E-Letter. Ann Oncol, 2008( Jul 30). 
Retrieved from:  [http: //annonc.oxfordjournals.
org/content/19/11/1969.abstract/reply#annonc_
el_176].

8. Padayatti SJ:  Re:  Results of study in line with 
predictions. E-Letter. Ann Oncol, 2008(Sept 18). 
Retrieved from:  [http: //annonc.oxfordjournals.
org/content/19/11/1969.abstract/reply#annonc_
el_176].

9. Gordon DJ, Resio B, Pellman D:  Causes and 
consequences of aneuploidy in cancer, Nat Rev 
Genet, 2012; 13: 189-203. 

10.  Rajagopalan H, Lengauer C:  Progress Aneu-
ploidy and cancer, Nature, 2007; 432: 338-341.

11. Hickey DS, Roberts HJ:  Sel"sh Cells:  Cancer as 
Microevolution. J Orthomol Med, 2007;  22: 137-
146. 

12. Hickey S. Roberts H. Cancer:  Nutrition and Sur-
vival. St. Raleigh, NC Lulu press, Inc. 2005.

13. Gonzalez MJ, Miranda Massari JR, Duconge J, 
et al:  !e bio-energetic theory of carcinogenesis. 
Med Hypotheses, 2012: 79: 433-439.

14. Dorigo M, Birattari M:  Swarm Intelligence. 

Scholarpedia, 2007; 2(9): 1462.
15. Moss RW:  Questioning Chemotherapy. She%eld, 

UK. Equinox Press. 1996.
16. Michelakis ED, Webster IL, Mackey JR:  Dichlo-

roacetate (DCA) as a potential metabolic-target-
ing therapy for cancer. Br J Cancer, 2008;  99: 989-
994.

17. Coglan A:  Cheap, ‘safe’ drug kills most cancers. 
New Scientist. Originally published January 17, 
2007. Updated May 16, 2011. Retrieved from:  
[www.newscientist.com/article/dn10971-cheap-
safe-drug-kills-most-cancers.html]

18. Cathcart RF:  Vitamin C, titrating to bowel tol-
erance, anascorbemia, and acute induced scurvy. 
Med Hypotheses, 1981; 7: 1359-1376.

19.  Hickey DS, Roberts HJ, Cathcart RF:  Dynamic 
$ow:  a new model for ascorbate. J Orthomol Med, 
2005; 20: 237-244.

20. Cheraskin E:  Are there Merits in Sustained-
Release Preparations? J Orthomol Med, 2001; 16: 
49-51.

21. Padayatty SJ, Sun H, Wang Y, et al:  Vitamin C 
pharmacokinetics:  implications for oral and in-
travenous use. Ann Intern Med, 2004; 140: 533-
537.

22. Hickey S, Roberts HJ, Miller NJ: (2008) Phar-
macokinetics of oral vitamin C. J Nutr Env 
Med, 2008; 17: 169-177. 

23. Gregoriadis G:  Liposome technology, vol III:  in-
teractions of liposomes with the biological milieu. 3rd 
ed. New York, NY. Informa Healthcare USA, Inc. 
2006. 

24. Cameron E, Pauling L:  Supplemental ascorbate 
in the supportive treatment of cancer:  Prolonga-
tion of survival times in terminal human cancer. 
Proc Natl Acad Sci USA, 1976; 73: 3685-3689.

25. DeWys WD:  How to evaluate a new treatment 
for cancer. Your Patient and Cancer, 1982; 2(5): 31-
36.

26. Cameron E:  Protocol for the use of vitamin C in 
the treatment of cancer. Med Hypotheses, 1991; 36: 
190-194.

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

28. Creagan ET, Moertel CG, O’Fallon JR, et al:  
Failure of high-dose vitamin C (ascorbic acid) 
therapy to bene"t patients with advanced cancer. 
A controlled trial. N Engl J Med, 1979; 301: 687-
690.

29.  Moertel CG, Fleming TR, Creagan ET, et al:  
High-dose vitamin C versus placebo in the treat-
ment of patients with advanced cancer who have 
had no prior chemotherapy. A randomized dou-
ble-blind comparison. N Engl J Med, 1985; 312: 
137-141.

30. Ohno S, Ohno Y, Suzuki N, et al:  High-dose vi-
tamin C (ascorbic acid) therapy in the treatment 
of patients with advanced cancer. Anticancer Res, 



Journal of Orthomolecular Medicine   Vol 28, No 1, 201344

2009; 29: 809-815.
31. Padayatty SJ, Levine M:  Reevaluation of ascor-

bate in cancer treatment:  emerging evidence, 
open minds and serendipity. J Am Coll Nutr, 2000; 
19: 423-425.

32. Mayo Clinic. Vitamin C (ascorbic acid). Retrieved 
from: [www.mayoclinic.com/health/vitamin-c/NS_
patient-vitaminc/DSECTION=evidence]. 

33. Ho#er A, Pauling L:  Hardin Jones biostatistical 
analysis of mortality data for cohorts of cancer pa-
tients with a large fraction surviving at the termi-
nation of the study and a comparison of survival 
times of cancer patients receiving large regular 
oral doses of vitamin C and other nutrients with 
similar patients not receiving those doses. J Or-
thomol Med, 1990; 5: 143-154.

34. Chen Q, Espey MG, Krishna MC, et al:  Phar-
macologic ascorbic acid concentrations selectively 
kill cancer cells:  action as a pro-drug to deliver 
hydrogen peroxide to tissues. Proc Natl Acad Sci 
USA, 2005; 102: 13604-13609.

35. Helgestad J, Pettersen R, Storm-Mathisen I, et al:  
Characterization of a new malignant human T-
cell line (PFI-285) sensitive to ascorbic acid. Eur J 
Haematol, 1990; 44: 9-17.

36. Park S, Han SS, Park CH, et al:  L-Ascorbic acid 

induces apoptosis in acute myeloid leukemia cells 
via hydrogen peroxide-mediated mechanisms. Int 
J Biochem Cell Biol, 2004; 36: 2180-2195.

37. Takemura Y, Satoh M, Satoh K, et al:  High dose 
of ascorbic acid induces cell death in mesothe-
lioma cells. Biochem Biophys Res Commun, 2010; 
394: 249–253.

38. Flohé L, Brigelius-Flohé R, Saliou C, et al:  Re-
dox regulation of NF-kappa B activation. Free 
Radic Biol Med, 1997; 22: 1115-1126.

39. Noto V, Taper HS, Jiang YH, et al:  E#ects of 
sodium ascorbate (vitamin C) and 2-methyl-1,4-
naphthoquinone (vitamin K3) treatment on hu-
man tumor cell growth in vitro. I. Synergism of 
combined vitamin C and K3 action. Cancer, 1989; 
63:  901-906.

40. Casciari JJ, Riordan NH, Schmidt TL, et al:  Cy-
totoxicity of ascorbate, lipoic acid, and other an-
tioxidants in hollow "bre in vitro tumours. Br J 
Cancer, 2001; 84: 11, 1544-1550.

41. Bram S, Froussard P, Guichard M, et al:  Vitamin 
C preferential toxicity for malignant melanoma 
cells. Nature, 1980; 284:  629-631.

42. Ichim TE, Minev B, Braciak T, et al:  Intravenous 
ascorbic acid to prevent and treat cancer-associat-
ed sepsis? J Transl Med, 2011; 9: 25.


