
Hydrazine, Cancer, the Internet, Isoniazid, and the Liver

The ready availability of medical information on the
Internet, the burgeoning role of complementary and

alternative therapies in present-day health care, and the
failure of government to regulate such therapies com-
bine to make the report by Hainer and coworkers in this
issue (1) a timely warning. The authors describe a 55-
year-old man with squamous-cell carcinoma of the max-
illary sinus who accessed an Internet Web site that pro-
claimed benefits from hydrazine sulfate for people with
cancer. He purchased the chemical from a source iden-
tified by the Web site and, forsaking medical supervi-
sion, took it for 4 months before presenting with evi-
dence of combined renal and liver toxicity. The patient
ultimately died of these complications.

Liability issues are intriguing but are not the focus of
this editorial. It is mildly reassuring, however, that the U.S.
Federal Trade Commission and the U.S. Food and Drug
Administration have jointly launched a campaign known
as “Operation Cure” in an attempt to lessen the fallout
from unsubstantiated claims on the Internet. According to
one report (2), “Operation Cure” has identified more than
400 Web sites that make questionable claims about using
certain products to treat serious diseases.

Both some reassurance and some cause for alarm can
be found in the identity of the compound responsible for
liver and kidney failure in the report by Hainer and co-
workers. Hydrazine sulfate, although of uncertain benefit
in the management of the type of cancer described in the
case report, does at least have some support in the literature
for its use by patients with cancer (3–5). Furthermore,
hydrazine sulfate has garnered a highly vocal advocacy
group that has challenged the “establishment” (including
the National Cancer Institute) regarding its value in the
treatment of cancer. There seems to be little evidence to
support its ability to shrink tumors or cure cancer, but by
virtue of its inhibition of gluconeogenesis (through inhibi-
tion of the enzyme phosphoenolpyruvate kinase), it has
been suggested as an effective therapy for cancer cachexia.
Although some randomized, placebo-controlled studies
have shown some benefit in non–small-cell lung cancer (2,
3), not all investigators have come to this conclusion (6),
and no benefit has been shown in other forms of cancer,
such as colorectal cancer or leukemia (7).

Despite these seemingly well-conducted studies, which

are at best ambivalent about hydrazine sulfate’s efficacy,
charges of a “government conspiracy” against use of the
drug have appeared in a popular magazine (8) and in full-
page advertisements in The Washington Post and The New
York Times. The data have also spawned contentious de-
bate in prestigious medical journals (9), making use of
hydrazine sulfate in cancer management a surprisingly con-
troversial subject. It appears unlikely that the arguments
for and against the drug will be resolved any time soon.

A curious aspect of the previously described investiga-
tions is the infrequent recognition of important side ef-
fects. In these studies, patients took hydrazine sulfate in an
escalating regimen, achieving a maintenance dosage of 180
mg/d (the same dosage taken by Hainer and coworkers’
patient). However, although the patients experienced some
nausea and vomiting as well as lightheadedness, neither
liver nor kidney effects were recognized. This is certainly
surprising, given the perception (based on animal data)
that hydrazine is highly toxic to both organs and is consid-
ered to be hepatocarcinogenic (10). Nevertheless, reports
of hydrazine toxicity to the liver and kidney in humans are
few. Sotaniemi and coworkers (11), while noting this, re-
ported the case of a 59-year-old machinist who was ex-
posed to hydrazine in the workplace for 6 months before
presenting with eventually fatal kidney, liver, and lung dis-
ease. The encyclopedic Poisoning & Toxicology Compen-
dium lists “fatty degeneration of the liver” associated with
hydrazine sulfate, along with adverse effects on the cardio-
vascular system, the central nervous system, the skin, and
the gastrointestinal system—but not the kidney.

It has long been suspected that hydrazine formation is
the critical step in isoniazid hepatotoxicity. In fact, the case
report by Hainer and coworkers may actually be most use-
ful in helping us explore the possible mechanisms of iso-
niazid toxicity. Hydrazine and acetylhydrazine are formed
during the metabolism of isoniazid, and it has been hy-
pothesized that they play a role in causing liver injury dur-
ing isoniazid therapy. It is appropriate to reexamine this
hypothesis in light of the foregoing. Isoniazid is commonly
used in the management and treatment of tuberculosis,
which continues to exact a toll in terms of severe and
occasionally fulminant liver failure (12, 13). Although the
causative role of isoniazid in cases of severe hepatic injury
was definitively established in the context of a nationwide
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population study in the early 1970s (14), uncertainties re-
garding its pathogenesis have persisted. Attention has been
focused on its metabolic pathways because clinical, labora-
tory, and histopathologic features of isoniazid hepatotoxic-
ity favor a metabolite-mediated process rather than an im-
munologically based mechanism (15). Early claims that
rapid acetylators are more susceptible to hepatotoxicity
(16) have generally been refuted. Independent of the acet-
ylation process, interest has long been directed at the step
beyond acetylation, which leads to formation of acetylhy-
drazine. Because of the long-standing laboratory recogni-
tion of hydrazine hepatotoxicity, much attention has been
directed at hydrazine and acetylhydrazine as possible can-
didates for the proximate toxic metabolite that mediates
isoniazid hepatotoxicity (17). Acetylhydrazine is formed by
hydrolysis of acetylisoniazid, the product of the acetylation
process. It has been shown to be capable of undergoing
oxidation by human liver microsomes to generate electro-
philic intermediates (17), which may become covalently
bound to hepatic macromolecules (18). Increased serum
concentrations of hydrazine have been noted in a single
patient with isoniazid hepatotoxicity (19). One group of
investigators (20) was able to show greater in vitro toxicity
with hydrazine than with acetylhydrazine. Despite these
suggestive observations, however, a role for either metabo-
lite in the mediation of isoniazid hepatotoxicity remains
speculative.

Examination of the clinical syndrome experienced by
Hainer and coworkers’ patient demonstrates some similar-
ities to isoniazid hepatotoxicity (such as extensive liver ne-
crosis leading to death), but also some major differences.
For example, an early feature of the patient’s clinical pre-
sentation was evidence of kidney involvement, which does
not occur in isoniazid hepatotoxicity but was reported by
Sotaniemi and colleagues (11) in another patient who de-
veloped hydrazine poisoning. However, renal toxicity is
not a constant feature of hydrazine toxicity; it was not
observed in another patient who experienced liver injury
after accidental ingestion of hydrazine (21). In contrast to
the report by Hainer and coworkers, the presence of a skin
rash is uncommon in patients with isoniazid toxicity. Fi-
nally, although many patients with cancer have probably
been taking hydrazine in quantities greatly exceeding that
generated in the metabolism of isoniazid, no other cases of
hydrazine-related liver injury have previously been recog-
nized. This also weighs against an important involvement
of hydrazine in isoniazid hepatotoxicity.

In summary, although hydrazine sulfate has a track
record of broad-ranging hepatotoxicity in experimental an-
imal studies, it seems to be much less toxic in humans, and
its role in causation of hepatotoxicity during isoniazid ther-
apy appears much less compelling than it did 25 or more
years ago. The report by Hainer and coworkers, which
describes the unusual case of a patient who developed fatal
hepatic necrosis after taking hydrazine sulfate, serves more
to remind us of the drug’s relative innocuousness than of
its intrinsic toxicity. However, while it seems likely that
this case will do little to dampen the ardor of hydrazine
enthusiasts, there seems to be little justification for the
drug’s easy availability and unsupervised use. One hopes
that it will attract the interest of “Operation Cure.”
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Personae

In an effort to bring people to the pages and cover of Annals, the editors

invite readers to submit photographs of people for publication. We are

looking for photographs that catch people in the context of their lives and

that capture personality. Annals will publish photographs in black and white,

and black-and-white submissions are preferred. We will also accept color

submissions, but the decision to publish a photograph will be made after the

image is converted to black and white. Slides or prints are acceptable. Print

sizes should be standard (3( 3 5(, 4( 3 6(, 5( 3 7(, 8( 3 10(). Photographers

should send two copies of each photograph. We cannot return photographs,

regardless of publication. We must receive written permission to publish the

photograph from the subject (or subjects) of the photograph or the subject’s

guardian if he or she is a child. A cover letter assuring no prior publication of

the photograph and providing permission from the photographer for Annals

to publish the image must accompany all submissions. The letter must also

contain the photographer’s name, academic degrees, institutional affiliation,

mailing address, and telephone and fax numbers.

Selected Personae submissions will also appear on the cover of Annals. We

look forward to receiving your photographs.

Christine Laine, MD, MPH

Senior Deputy Editor
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