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Editorial

Gemtuzumab Ozogamicin (Mylotarg) and hepatic veno-occlusive
disease: take two acetaminophen, and . . .
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The earliest description of what later proved to be hepatic
veno-occlusive disease appeared in 1911.1 These studies
described hepatic injury in cattle following alkaloid inges-
tion. A similar pattern of liver injury was later recognized
in humans as a non-portal cirrhosis,2 and the term hepatic
veno-occlusive disease (HVOD) was first used. The charac-
teristic centrilobular pattern was described and was differ-
ent from the pattern of cirrhosis that was recognized in
other forms of liver disease. Most of these early cases of
HVOD occurred as a consequence of food poisoning from
plant-derived alkaloids.3,4 In the late 1970s, as bone marrow
transplantation for the treatment of aplastic anemia and
malignancy become more common, HVOD was observed
as a frequent complication5–9 and was often fatal.10,11 The
mechanism of the liver injury was unclear, and the lack of
an animal model hampered research in this area. It was
uncertain whether hepatocytes were injured first or whether
sinusoidal endothelial cells (SECs) were the major target.
What seemed clear was that stem cell transplant regimens
which contained alkylating agents12 or total body
irradiation13 given at high doses predicted development of
HVOD, as did pre-existing liver disease. However, the
variability in severity and time course (as early as 10 days,
as late as several months after presumed insult) clouded an
understanding of pathophysiology.

One constant in animal experiments seemed to be the
reproducible injury induced by pyrrolizidine compounds
such as monocrotaline. This alkaloid is activated by the
liver p-450 oxidase system, and is conjugated to gluta-
thione.14 These observations led to a series of elegant
experiments by DeLeve et al,15 who described selective
toxicity to the SEC rather than the hepatocyte, by a mech-
anism that was enhanced by depletion of and reversed by
repletion of glutathione (GSH). As little as 100 �m/l
exogenous GSH reduced monocrotaline and azathioprine
(metabolized in the liver and intestine by GSH S-
transferase) toxicity in SECs. An animal model of HVOD
was established, in which monocrotaline-induced liver
damage could be predicted.16 The characteristic pathologic
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lesion of early SEC damage followed by coagulative
necrosis, hepatocyte damage and central vein fibrosis was
described over a 10-day period in the animal system. This
pattern was thought to be most similar to the human HVOD
associated with alkaloid exposure or high-dose chemo-
therapy and stem cell transplantation, but not to radiation-
induced liver disease.17,18

The consistent finding that GSH depletion predisposes to
the liver injury raises the question of whether a common
denominator in the pathophysiology of this process is free
radical damage. GSH is a reducing agent, which protects
the cell from toxic free radical and electrophilic compounds
generated during cellular metabolism. We,19 and others20

have raised the question of whether a pro-oxidant state is
created in the setting of stem cell transplantation by the
increased saturation of transferrin and measurable free iron
which may occur by a variety of possible mechanisms. We
have speculated that the likely end result is a pro-oxidant
state in which free radical damage to end organs may be
enhanced.19 A confounding and potentially important
component of enhanced free radical injury potentiated by
chemotherapy is acetaminophen, the commonly used anti-
pyretic and pain reliever. Acetaminophen is metabolized
via glucuronidation (in the liver with the production of sulf-
ate or glucuronic acid) pathways, and a small amount is
oxidized by cytochrome p-450 2E1. Acetaminophen tox-
icity is seen when the dose exceeds 4 g in a 24-h period,
but prior alcohol use or liver disease increases the risk. The
successful treatment of acetaminophen overdose with the
sulfhydryl donor/free radical scavenger N-acetylcyst-
eine21,22 suggests that the mechanism of injury is indeed
related to depletion of GSH and is free radical mediated.

The report by Tack and colleagues23 from Mayo Clinic
in this issue of Bone Marrow Transplantation describing
HVOD following Mylotarg (Wyeth, Philadelphia, PA,
USA) (gemtuzumab ozogamicin) is intriguing, since this
observation suggests a possible mechanism and potential
for prevention. Mylotarg is an anti-CD33 antibody linked
to calicheamicin, which is a free radical generating anti-
tumor antibiotic. Although not addressed in this report, it
is common practice to administer acetaminophen prior to
Mylotarg, in order to ameliorate the fever and chills seen
with the antibody. Indeed, in the original report by Sievers
et al24 acetaminophen was routinely administered to all
patients prior to Mylotarg and up to 4 g of acetaminophen
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is recommended by the manufacturer in the package insert.
The resulting manipulation of the glutathione redox system
leaves the SECs naked and exposed to the potential free
radical attack (calicheamicin) targeted to CD33 antigen.25,26

This localized pro-oxidant state may leave the SEC and
then the hepatocyte vulnerable to free radical injury and
HVOD.

This report by Tack et al23 coupled with animal studies
on the pathophysiology of HVOD15,16,27 suggests that until
the mechanism of HVOD associated with Mylotarg is more
clearly elucidated, acetaminophen should be avoided in this
setting. Further, more detailed clinical studies investigating
the mechanism of HVOD should be carried out, including
investigations focusing specifically on markers of free rad-
ical injury to DNA (the DNA adduct 8-hydroxy-
deoxyguanosine), the cell membrane (lipid peroxidation
products), and the impact of a pro-oxidant state on treat-
ment-related toxicity.
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