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Lifelong cigarette smokers have a 50% chance of dying prema-
turely due to their addiction.' Nearly one third of these deaths are
due to cancer. Smokers who develop cancer are often highly ad-
dicted and many continue to smoke after the diagnosis of cancer.
Smoking-induced cancers that are treated with irinotecan include
colon cancer, lung cancer, and others.

Irinotecan is a topoisomerase I inhibitor, with dose-limiting
toxicity that includes leukopenia and severe diarrhea. Irinotecan is
a prodrug, which is metabolized primarily by carboxylesterase
enzymes to an active metabolite, 7-ethyl-10-hydroxycamptothecin
(SN-38).” Irinotecan is also metabolized by the enzyme CYP3A4,
and one of the metabolites via the CYPA4 pathway can be metab-
olized further by carboxylesterase to SN-38. SN-38 is in turn de-
toxified by glucuronide conjugation via the enzyme uridine
diphosphate glucuronosyltransferase (UGT) 1A1.

The disposition kinetics and related safety and efficacy of
irinotecan are influenced to a considerable degree by genetic and
environmental factors. A variant genotype in the promoter region
of the UGT enzyme, UGT1AI%28, is associated with a remarkably
reduced rate of SN-38 glucuronidation, and a higher risk of irino-
tecan toxicity with standard dosing.”” This variant also causes the
Gilbert syndrome. Clinical diagnostic tests for the UGTI1AI*28
variant have been developed and promoted as a way to individual-
ize irinotecan dosing and to prevent serious toxicity.’

Environmental factors such as the use of other drugs and
cigarette smoking also influence response to irinotecan. Antiepi-
leptic drugs such as phenytoin and carbamazepine accelerate iri-
notecan and SN-38 metabolism substantially, resulting in
decreased levels of SN-38.° As a consequence, higher doses of
irinotecan are recommended in patients receiving antiepileptic
drugs as part of treatment of malignant glioma. Another major
environmental modulator of irinotecan response, cigarettes smok-
ing, has been shown to decrease the risk of hematologic toxicity
from irinotecan, as described by van der Bol et al in this issue.” The
risk of irinotecan-induced neutropenia in this study was 6% for
smokers compared with 38% for nonsmokers. There was a trend
toward a lesser incidence of delayed-onset diarrhea (6% v 15%),
but this difference was not significant.

Cigarette smoking is well known to interact with a variety of
drugs, both by pharmacokinetic and pharmacodynamic mecha-
nisms.® Pharmacokinetic interactions are related primarily to the
effects of cigarette smoking to induce many drug-metabolizing
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enzymes and to inhibit some drug-metabolizing enzymes. Polycy-
clic aromatic hydrocarbons in cigarette smoke are responsible for
the induction of lung and liver enzymes, including CYP1A1 and
CYP1A2. Smoking-induced induction of CYP1A2 accounts for
well-known interactions of smoking with drugs such as caffeine,
clozapine, haloperidol, fluvoxamine, olanzapine, tacrine, and the-
ophylline. Recently, smoking has been shown to accelerate the
metabolism of erlotinib, another drug metabolized by CYP1Al
and 1A2, which likely explains the poorer response of smokers
compared with nonsmokers with non—small-cell lung cancer.’
Cigarette smoking also induces the enzyme CYP2E1 and inhibits
CYP2AG, effects that may be mediated by nicotine.'®'" There are
conflicting data on the effects of cigarette smoking on the induc-
tion of CYP3A4. Cigarette smoking also induces the glucuronida-
tion of some drugs, including mexiletine, propranolol, and
codeine, although interestingly in the context of the present study,
not morphine or bilirubin.®

Cigarette smoking has many other physiologic effects that
could affect drug response, including effects on the hematopoietic
system, including an increase in neutrophil count.'” Smoking
seems to stimulate the bone marrow by releasing proinflammatory
factors from macrophages. A direct effect of cigarette smoking on
neutrophil count must be considered as a possible mechanism by
which smoking reduces neutropenia due to irinotecan.

The article by van der Bol et al” explores the mechanism of the
smoking effect on irinotecan toxicity. Key observations in smokers
include lower levels of irinotecan and SN-38 in the plasma, and no
significant change in SN-38 glucuronide levels. As an important
control, UGTIA1*28 genotype prevalence was not different in
smokers versus nonsmokers, eliminating genetic predisposition as
a confounder for differential risk of toxicity. The data in this article
suggest that cigarette smoking accelerates the metabolism of irino-
tecan to SN-38, and based on the higher ratios of SN-38 glucuro-
nide to SN-38, also accelerates the glucuronidation of SN-38.
Given that the levels of SN-38 were substantially lower in smokers
compared with those in nonsmokers, the effects of smoking to
induce SN-38 glucuronidation seem to far exceed the effects of
smoking to accelerate the conversion of irinotecan to SN-38.

As the authors of this informative study mention, although
cigarette smoking may reduce the toxicity of irinotecan, it does so
by lowering the levels of the active metabolite SN-38. Lower levels
of circulating SN-38 might be expected to reduce the therapeutic
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effect of irinotecan, although carboxylesterase is present in tumors,
so irinotecan may also be activated to SN-38 locally."” In the study
by van der Bol et al,” the number of patients was too small to detect
such an effect. The possibility that smoking will reduce the efficacy
of irinotecan by lowering irinotecan and/or SN-38 levels has po-
tential implications for personalizing the dose of irinotecan—that
is, dosing differently in smokers compared with nonsmokers.
Higher doses of irinotecan may need to be administered to smok-
ers, as they are for patients receiving antiepileptic drugs.'®'® In the
latter studies, doses of irinotecan were escalated in successive
courses, from initial doses of 300 to 350 mg/m? up to doses as high
as 1,700 mg/m?, as limited by the development of toxicity. Given
that the SN-38 levels averaged 40% lower in smokers compared
with nonsmokers, one would predict that 40% higher doses of
irinotecan are needed in smokers. Other recent studies suggest that
many patients can tolerate higher than usual starting doses of
irinotecan, and that dose escalation to toxicity might be more
generally applied as a way to improve outcome.'®

Thus there is good reason to consider personalized dosing of
irinotecan. Genetic screening can predict individuals who are more
susceptible to toxicity and who should be started on lower than
usual doses. Cigarette smoking or the use of antiepileptic drugs
suggests the need for upward dose titration to toxicity.

What if cigarette smoking does reduce the toxicity of irinote-
can without affecting its efficacy? Should oncologists be less aggres-
sive in counseling and helping their patients to stop smoking? The
answer is unequivocally no. Smoking is highly detrimental to can-
cer patients in many ways. Smoking reduces overall survival, de-
creases the efficacy of radiation therapy, and increases the risk of
second primary malignancies in cancer patients.'” Smoking sub-
stantially increases the risks and severity of infection, particularly
pulmonary infections.'® For example, cigarette smoking is a very
strong risk factor for the development of invasive pneumococcal
disease."” Smoking substantially increases the risk of cardiovascu-
lar events and markedly increases surgical risks, both of which are
important concerns with older cancer patients.”>*! Just as is the
case for smokers with coronary heart disease or chronic obstructive
lung disease, assisting the cancer patient to stop smoking is one of
the most important interventions for improving morbidity and
mortality that an oncologist can provide.'”

The article by van der Bol et al” sends another message to
cancer clinical trialists. Information on tobacco use should be
collected routinely and analyzed as part of all cancer chemotherapy
trials. Irinotecan has been in use for many years and many patients
who have received the drug have undoubtedly been smokers. Yet it
is not until 2007 that the very impressive interaction between
smoking and irinotecan, affecting safety and possibly efficacy, has
been discovered. Guidelines for collecting tobacco use data have
been published and are highly recommended for inclusion both in
clinical trials and clinical practice.*?
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