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The debate that has been taking place in CMAJ
about alternative cancer therapies is extremely
valuable, especially when considered against the

backdrop of intense public interest in this subject.1–6 Like it
or not, government agencies and medical research centres
are willing to evaluate alternative therapies, and money
from public and private sources is available to pay the costs.
The paradox, of course, is that by definition unconven-
tional, unorthodox or complementary therapies — what-
ever one’s favourite term may be — lack scientific credibil-
ity. How, then, does one select the most promising of them
for evaluation, and what assessment procedures will be re-
garded as sufficiently thorough and definitive by main-
stream medical scientists, government agencies and the
proponents of alternative therapy?

Practitioners of alternative medicine and community
physicians can, no doubt, form successful partnerships with
the aim of providing high-quality, holistic care. Many
mainstream Canadian physicians already integrate elements
of alternative therapy into their practices. Alternative and
Western science–based medicine are either partners or am-
icable neighbours in most parts of the world.

But it would be a triumph of hope over experience to as-
sume that alternative therapists and clinical researchers will
easily develop partnerships to test alternative cancer thera-
pies. This situation has to change because each side needs
to learn from the other. The alternative therapists need ex-
pertise in rigorous documentation and the principles of
clinical investigation, as well as the physical and intellectual
resources necessary to design and conduct informative clin-
ical trials. Clinical researchers need information about the
specific aims of a given alternative therapy, insight into
how it is used and the perspective necessary to design prag-
matic trials that assess it fairly. The effort should be made
to identify genuinely promising new approaches and to ex-
plore, rather than refute, them.7–9 Young scientific investiga-
tors may be disinclined to travel this rocky road. My own
dean — now retired — encouraged my interest in alterna-
tive medicine, but added, “Keep your day job.”

It was with such considerations in mind that I, with Dr.
Carmen Tamayo and Dr. Mary Ann Richardson of the
University of Texas Center for Alternative Medicine Re-
search, organized a 2-day research workshop in Montreal

last spring to consider the background and current status of
the most luminously controversial of all biological, alterna-
tive cancer therapies, high-dose vitamin C. Our workshop
brought together mainstream physicians, research oncolo-
gists, alternative practitioners and a representative of the
US Food and Drug Administration. Funding was provided
by the Lotte and John Hecht Memorial Foundation, a
charitable organization endowed in British Columbia in
1962 with a major objective of supporting the investigation
of alternative and complementary therapies, especially for
cancer. A selection of some of the workshop presentations
has appeared elsewhere,10–13 and a full summary report is in
preparation, but it is appropriate to relate here a powerful
personal lesson from this experience.

The vitamin C and cancer controversy began in 1974
with the publication, by Cameron and Campbell, of a care-
ful description of the responses of 50 consecutive patients
with advanced, untreatable cancer to high-dose intravenous
and oral vitamin C.14 Most patients did not respond, but ex-
traordinary things happened to a significant minority of
them. These included several tumour regressions and 4
cases (2 of them fully documented at autopsy) of cata-
strophic tumour hemorrhage and necrosis occurring within
3–6 days after starting vitamin C therapy. Cameron had
never seen anything like this in his long and distinguished
career as an oncologic surgeon, and he concluded that an
important phenomenon was occurring that merited further
investigation. Two-time Nobel laureate Linus Pauling
championed the cause. As a result of the ensuing contro-
versy, a double-blind controlled clinical trial of 10 g/day
oral vitamin C was carried out at the Mayo Clinic in pa-
tients with a variety of untreatable, terminal cancers.15 The
results were negative. Pauling and Cameron objected that,
unlike in Scotland, all the Minnesota patients had received
prior cytotoxic therapy and that this could have mitigated
the restorative biological effects of vitamin C.

A second clinical trial was carried out in patients with
colorectal cancer at an earlier stage than in the first trial,
but for which the only cytotoxic therapy then available, flu-
orouracil, was known to be ineffective and hence could eth-
ically be withheld.16 The results of this trial were also nega-
tive, but Pauling and Cameron objected to the way that it
was designed and carried out. A patient’s course of vitamin
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C (or placebo) was terminated as soon as there was clear
evidence that his or her tumour was continuing to progress,
whereas Cameron and Pauling’s key claim was that vitamin
C prolongs the life of cancer patients when given continu-
ously. Indeed, they had previously emphasized the danger
of withdrawing vitamin C abruptly, having found this to be
associated with a rebound acceleration of the disease. They
also objected to the lack of effort to ensure compliance with
the study medication or to screen the control group for il-
licit use of vitamin C.17,18 Another obvious problem was the
lack of statistical power. Cameron had found that no more
than a minority of patients responded in the prompt and
dramatic fashion typical of cytotoxic drugs, yet the latter
was the type of response the Mayo Clinic trial was designed
to detect. It is interesting to note that the year in which the
second Mayo Clinic trial was published, the New England
Journal of Medicine also published, to wide acclaim, the clin-
ical responses of an uncontrolled series of cancer patients
treated with the biological agent, interleukin-2, at the US
National Cancer Institute (NCI).19 As with Cameron’s
Scottish patients, only a minority of the patients responded.
Had interleukin-2 been assessed as vitamin C was in the
Mayo Clinic study, it, too, might well have been found to
be ineffective.

In 1989 Pauling visited the head of the NCI, Samuel
Broder, and described cases of what he claimed were com-
plete cancer remissions in response to vitamin C. Broder was
sufficiently interested to convene an NCI panel to review 25
case histories of patients to be selected by Cameron as pro-
viding plausible evidence that high-dose vitamin C could
have important biological effects in human cancer. The cases
selected included 2 complete remissions experienced by a pa-
tient with stage IV non-Hodgkin’s lymphoma following
courses of vitamin C therapy,20,21 the disappearance of multi-
ple brain lesions diagnosed as metastatic on clinical grounds
and CT scanning in a patient with bronchogenic carcinoma,
tumour regression in a patient with metastatic renal cell car-
cinoma, and autopsy-confirmed tumour hemorrhage in a pa-
tient within 3 days of initiating vitamin C therapy.18 In 1991
Pauling received a letter informing him of the panel’s con-
clusion that vitamin C had not been shown to be responsible
for improved outcome in any cancer case, either because the
cancer diagnosis was not sufficiently proven or because an
explanation other than vitamin C therapy might have ac-
counted for the patient’s clinical course. In some cases, extra-
ordinarily long survivals were not credited to vitamin C be-
cause of lack of information about such long survivals in the
natural history of the disease.

When submitting their case histories, Cameron and
Pauling understood that they would be evaluated with re-
gard to the plausibility of the hypothesis that vitamin C
could have important biological effects in human cancer.
Instead, considering each case separately from all the oth-
ers, the NCI panel looked for proof that vitamin C must
have been responsible for the clinical effects reported and
exact confirmation, not plausibility, of the tissue diagnosis.

Proof is necessary to change medical practice, plausibility
to justify testing a clinical hypothesis. Neither side in this
exchange was wrong, but it would have been helpful if they
had understood each other’s position.

The lesson to be learned from this is that the parameters
of the debate about alternative therapies — the “rules of
engagement” — between mainstream cancer researchers
and proponents of alternative therapy need to be clearly
defined and the goals must be explicit and common to both
parties. To do otherwise leads to the risk of unintended
confusion and heightening of the barrier of mistrust that
already stands between many individuals involved in this
debate. Proponents of alternative therapy have an obliga-
tion to provide grounds for biological plausibility, such as
sound theoretical or preclinical data, or for clinical plausibil-
ity, in the form of authentic, well-prepared case reports, in
order to justify the investment of time and energy in ex-
ploring the merits of a novel anticancer therapy. But plausi-
bility, not proof, should be sufficient to initiate the process.

Since the Mayo Clinic trials were published, rational
guidelines for testing biological agents like vitamin C have
been developed,22 and new information has emerged since
the NCI review took place about the biological effects and
clinical pharmacokinetics of vitamin C.18,23,24 In this issue
(page 353),25 Sebastian Padayatty and Mark Levine (Levine
was also a member of the NCI panel that reviewed the
cases submitted by Pauling and Cameron) describe these
new developments in our understanding of vitamin C biol-
ogy and their relevance to the question of a role for vitamin
C in cancer therapy. Perhaps it is time to revisit the issue of
the clinical and biological plausibility of a role for vitamin
C in cancer therapy.
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