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BACKGROUND: Despite the established causal relationship between tobacco smoking and cancer,
many cancer patients continue to smoke after diagnosis. This partly reflects ignorance of the
beneficial effects of smoking cessation, even after diagnosis. The aim of this study was to demon-
strate the effects of continuing or quitting smoking in patients with diagnosed cancer. METHODS;
The study was based on a review of medical databases (PubMed Central, MEDLINE, Cochrane
Library) in thelast 30 y. All articles included in the present analysis were in English. RESULTS:
In subjects with early-stage lung cancer, continued smoking after diagnosis is associated with an
increased risk of all-cause mortality and decreased survival. Resear ch has demonstrated significant
differencesin actuarial overall survival favoring the non-smoking group among subjects with lung
cancer. I n subjectswith oral cancer, smoking cessation or reduction leadsto a significant reduction
in mortality. There is also evidence that tobacco smoking aggravates and prolongs radiotherapy-
induced complications. Of particular importance is evidence that continued smoking is associated
with adverse effects during anti-cancer treatment. Smoking promotes tumor progression and in-
creases resistance to chemotherapy due to nicotine-induced resistance to apoptosis by modulating
mitochondrial signaling. Continued smoking is also related to inferior outcomes of treatment with
novel targeted therapies such as erlotinib. Smoking in subjects with gastric and lung cancer isalso
associated with an increased risk of developing second primary tumors. Quitting smoking after lung
cancer diagnosis is associated with a better performance status, whereas persistent smokers have
wor se overall quality of life. Subjects who continue to smoke despite being diagnosed with cancer
report more severe pain than subjects who have never smoked and greater pain-related functional
impairment. CONCLUSIONS: Continued smoking after cancer diagnosis is related to reduced
treatment efficacy and reduced survival, increased risk for second primary malignancies, and
deterioration of quality of life. Key words: lung cancer; smoking; smoking cessation; quality of life
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Introduction

Tobacco smoking has been clearly linked to the devel-
opment of lung cancer and also related to increased risk of
several other cancers, notably oral, laryngeal, pharyngeal,
esophageal, stomach, liver, pancreatic, kidney, bladder,
uterine cervix cancer and myeloid leukemial Smoking
accounts for 30% of all cancer deaths and 87% of lung
cancer deaths.2

Research indicates that after cancer diagnosis, motiva
tion and intention for smoking cessation are greatly in-
creased, particularly in patients with cancer types strongly
related to smoking, such as head and neck cancer and lung
cancer. However, up to one third to one half of cancer
patients continue to smoke after diagnosis or relapse after
successful initial attempts to quit, depending on tumor site
and duration of follow-up.2 Smoking rates are high evenin
patients with cancers most strongly related to smoking.
Twenty-three to 35% of subjects with head and neck can-
cer and 13-20% of patients with lung cancer continue to
smoke after diagnosis.4

Although the importance of smoking cessation in the
primary prevention of cancer is well recognized, its sig-
nificance for individuals diagnosed with, treated for, and
surviving cancer is often overlooked.23

There is a growing body of evidence indicating that
continued smoking after the diagnosis of cancer has
substantial adverse effects on cancer patients. The aim
of this review was to investigate and report the benefits
of smoking cessation and the negative effects of con-
tinued smoking on survival measures, treatment effec-
tiveness, risk of a second primary malignancy, and qual-
ity of life. Such knowledge may increase motivation to
stop smoking and help those who quit to remain absti-
nent.

M ethods

In this study, we conducted a comprehensive review of
literature discussing the benefits of smoking cessation and
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the negative effects of continued smoking after cancer
diagnosis. A systematic search was carried out in biblio-
graphic databases (PubMed Central, MEDLINE, Cochrane
Library). We searched for randomized controlled trials and
observational longitudinal studies in cancer subjects re-
lated to smoking habits. We identified papers published
until July 2013. Wealso performed a cited-reference search
by reviewing references in the retrieved articles. We fol-
lowed the main steps for reporting systematic reviews ac-
cording to Preferred Reporting ltems for Systematic Re-
views and Meta-Analyses guidelines as proposed by
Wieseler and McGauran.®

We conducted separate searches using combinations of
the following terms. tobacco smoking and cancer, smok-
ing cessation benefitsand cancer, cancer survival and smok-
ing, smoking and tumor progression, and cancer and qual-
ity of life.

We included studies with the following characteristics:
(1) adult subjects with cancer regardless of the type or site
of themalignancy; (2) studieswith clear reference to smok-
ing status, such as never-smokers, ex-smokers, and current
smokers (some studies further classified ex-smokers into
distant ex-smokers and recent ex-smokers, although the
criteria for this designation were not homogeneously de-
fined, or divided them into severa groups based on the
duration of abstinence); (3) studies published over the last
30y; and (4) studies evaluating the impact of smoking
status after the diagnosis of malignancy on survival and
the course of disease in cancer subjects. We included stud-
ies written only in English and excluded studies with no
access to full-text manuscripts and studies referring to the
causal relationship between tobacco smoking and several
types of cancer.

The original question of thisreview isgeneral inthat the
effects of smoking habits after the diagnosis of cancer
cannot be measured by a single parameter or outcome. For
this reason, smoking habits (continuing or quitting) after
the diagnosis of the malignancy were evaluated in relation
to 4 different issues: survival, impact on treatment effec-
tiveness, risk for second primary tumors, and quality of
life.

Results

A large volume of studies were identified from the ini-
tial research: 8,332 papers from the last decade and 11,755
studies regardless of the date matched at least one of the
search terms. After this initial screening, any paper that
did not contain 2 or more of the search terms or did not
fulfill all the aforementioned inclusion criteria was ex-
cluded from further evaluation. Two independent review-
ers read 380 abstracts and 162 full-text papers. A total of
20 studies were finaly included in this review.

RespirRATORY CARE @ DECEMBER 2014 VoL 59 No 12

Copyright (C) 2014 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



RESPIRATORY CARE Paper in Press. Published on September 02, 2014 as DOI: 10.4187/respcare.02559
SMOKING CESsATION IN PATIENTS WiTH CANCER

Table 1.  Studies Evaluating the Effects of Smoking on Survival, Mortality, and Disease Progression
Type of Subjects Study Assessment of Main Results in Relation to
Reference Cancer/Stage (n) Design Smoking Status Outcomes Smoking Status
Videtic et a® Small-cell lung cancer 215 Retrospective Smokers, non-smokers OS, DFS, toxicity-related  Increased OS in non-smokers
(limited stage) (at the initiation of treatment interruptions N improvement in DFS
treatment)
Zhou et al® Non-small-cell lung 543 Prospective  Never-smokers, ex- OS, RFS Increased OS, RFSin
cancer (stages IA and smokers, current women
11B) smokers
Chen et al1° Small-cell lung cancer 284 Prospective  Smokers, ex-smokers at OS, RFS, DFS Increased OS, RFS, and DFS
(limited stage) or after diagnosis in ex-smokers compared
with smokers
Jerjes et a1t Squamous cell carcinoma 67 Prospective  Non-smokers, ex-smokers, Survival Increased OS (reduction in
of oral cavity and chronic smokers mortality) in ex-smokers
oropharyngea region (5 categories)
Rink et a2 Bladder cancer (non- 2,043 Prospective  Current smokers, OS, disease progression,  Association of smoking with
muscle-invasive) ex-smokers, disease recurrence disease progression
never-smokers
Lifetime cumulative No association with disease
exposure recurrence
Lower risk for recurrence in
long-time ex-smokers
(>10y)
Rink et a3 Bladder cancer 390 Prospective  Current smokers, OS, disease progression,  No difference in disease
(recurrent) ex-smokers, disease recurrence progression and recurrence
never-smokers between groups
Smoking duration years Cumulative smoking
since cessation exposure as an
independent risk factor for
recurrence
Braithwaite et a4  Breast cancer (stages I, 2,258 Prospective  Never-smokers, current Mortality (disease-specific, Increased risk of mortality
11, and I111A) smokers and ex- all and other causes) (breast cancer-specific, all
smokers and other causes) in
current smokers
Increased risk of all-cause
mortality in ex-smokers
Saito-Nakaya et al*> Non-small-cell lung 238 Prospective  Current smokers, 0os Increased overall survival for
cancer after curative ex-smokers, never-smokers compared

surgery

OS = overall survival
DFS = disease-free survival
RFS = recurrence-free survival

never-smokers

with current and ex-
smokers

Effect of Continued Smoking on Survival, Mortality,
and Disease Progression in Subjects With Cancer

The impact of continued smoking during treatment on
outcome in limited-stage small-cell lung cancer was in-
vestigated in the 1980s in 2 reports.5” The results of those
reports were conflicting. In the study of Johnston-Early
et a,® subjects who continued to smoke had worse survival
rates, whereas in the study of Bergman and Sorenson,”
there was no difference in survival between those who did
and did not smoke while receiving treatment. However,
these reports had some serious limitations: the study pop-
ulations included a mixture of limited and extensive-stage
subjects, and in neither report did the treatment use con-
temporary standards of combined chemotherapy and ra-
diotherapy.

In this study, 8 papers were systematically reviewed
(Table 1). Four of them included lung cancer subjects with
primary end points of overal survival, disease-free sur-
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vival, and/or recurrence-free survival; one was performed
in subjects with squamous cell carcinoma of the oral cav-
ity and oropharyngeal region with survival as the main
outcome; 2 were performed in subjects with invasive blad-
der cancer with disease progression and recurrence as the
primary outcomes; and one involved women with breast
cancer with aprimary end point of mortality. These studies
were not randomized.

Videtic et al® performed a retrospective review of sub-
jects with limited-stage small-cell lung cancer treated with
concurrent chemoradiotherapy to determine whether smok-
ing during treatment affects survival and toxicity. A total
of 215 subjects with limited-stage small-cell lung cancer
were evaluated. There was a significant difference in ac-
tuarial overall survival favoring the non-smoking cohort.
Statistical significance was not demonstrated for disease-
free survival. The poorer survival among smokers was not
attributable to an excess number of deaths from non-can-
cer comorbidities.
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The association between smoking status and toxicity-
related treatment interruptions was also analyzed. Survival
outcomes were least favorable in subjects who continued
to smoke and experienced treatment breaks and most fa-
vorable in non-smokers without treatment breaks. Better
survival outcomes were observed in non-smoking subjects
who received prophylactic cranial irradiation and had no
radiotherapy breaks. Median survival was 23 months, and
the 2-y and 5-y survival rates were 50% and 26.8%, re-
spectively. Continued smoking had the greatest negative
impact on survival among several possible prognostic fac-
tors.

In the study of Zhou et al,° 543 subjects with early-stage
(stages IA and 11B) non-small-cell lung cancer were pro-
spectively followed up after surgical resection to evaluate
whether smoking cessation before diagnosis affects sur-
vival. The end points in this study were overall survival
and recurrence-free survival. Smoking cessation was as-
sociated with anon-statistically significantly better overall
survival (P = .09) in the entire study population. The
significantly beneficial effect of smoking cessation on re-
currence-free survival or overall survival was observed in
women, but not in men. The authors also demonstrated
that the length of survival was positively correlated with
the duration of smoking abstinence. Factors related to sta-
titically significant worse overall survival or recurrence-
free survival were heavier smoking, older age, male gen-
der, more advanced stage, and squamous cell type.

In their prospective cohort study, Saito-Nakaya et als
investigated the association of marital status and social
support to survival after curative surgery in non-small-cell
lung cancer subjects. In analysis of survival, smoking sta-
tus before surgery (ex-smokers and current smokers) and
after surgery (ex-smokers, smokers who quit, and smokers
who continued) were found to be significantly associated
with lung cancer survival, along with sex, age, occasion of
cancer diagnosis (follow-up for other diseases), patholog-
ical stage, and serum albumin levels.

More recently, in 2010, Chen et al*° conducted a pro-
spective cohort study of limited-stage small-cell lung can-
cer subjects investigating the possible independent impact
of various factors (age, sex, smoking status at time of
diagnosis, smoking cessation, performance status, treat-
ment regimens) on survival and determining the magni-
tude of the impact. Two-hundred eighty-four subjects with
limited-stage small-cell lung cancer were included. Sub-
jects were classified as never-smokers, ex-smokers, and
current smokers and the duration of smoking abstinence at
the time of diagnosis and during follow-up was also fac-
tored. Neither smoking status at the time of limited-stage
small-cell lung cancer diagnosis (ex-smokers or current
smokers) nor intensity (pack-years smoked) had a signif-
icant impact on limited-stage small-cell lung cancer sur-
vival. However, compared with smokers (who never quit

4

smoking), subjects who quit at or after diagnosis had their
risk of death reduced by 45% after adjustment for other
variables.

Jerjes et all! investigated the effect of reduction/cessa-
tion of tobacco and alcohol, which are the most predom-
inant risk factors for cancer of the oral cavity and oropha-
ryngeal region, on mortality in oral cancer subjects. In this
study, 67 subjects with squamous cell carcinoma under-
going surgical resection for their malignancy were fol-
lowed up for aminimum period of 5y. The 3-year survival
rate in this cohort was 46.8%, and the 5-year survival rate
was 40.4%. Reduction or cessation of smoking led to a
significant reduction in mortality at 3y (P < .001) and 5y
(P < .001).

Recent publications have also focused on the role of
smoking cessation in patients with primary non-muscle
invasive bladder cancer. In the study by Rink et al,12 2,043
subjects with primary non-muscle invasive bladder cancer
were followed up to analyze the effects of smoking status,
cumulative exposure, and time from smoking cessation on
this specific group. Smoking status was significantly as-
sociated with cumulative incidence of disease recurrence
(P = .044) and progression (P < .001). Current smokers
had the highest cumulative incidence for both end points.
Smoking status was not associated with overall survival
(P = .66). In ever-smokers, cumulative smoking exposure
was significantly associated with disease recurrence
(P < .001), progression (P < .001), and overall survival
(P < .001). Long-term heavy smokers had the worst out-
comes. In multivariate analyses, smoking status was not
significantly associated with disease recurrence (P = .12),
but it was associated with disease progression (P = .003).
Current smokers had a 2.09 times (95% confidence inter-
val [Cl], 1.29-3.39) increased risk for disease progression
as compared with never-smokers. The risk of disease pro-
gression did not differ between never-smokers and ex-
smokers. Compared with current smokers, subjects who
quit smoking = 10y before surgery (transurethral bladder
resection) had a 0.66 times lower risk for disease progres-
sion (95% CI, 0.52—-0.84) and a 0.42 times lower risk for
disease progression.

The impact of smoking on disease state in subjects with
recurrent non-muscle invasive bladder cancer has aso
been evaluated by Rink et al.3 In this study, atotal of 390
subjects with recurrent non-muscle invasive bladder can-
cer undergoing transurethral bladder resection were
evaluated. The authors did not find differences in disease
recurrence and progression among never-smokers, ex-
smokers, and current smokers. Subjects with long-term
heavy cumulative smoking exposure were at significantly
increased risk for disease recurrence and progression com-
pared to subjects with short-term moderate or light expo-
sure. In multivariate analysis, increasing cumulative smok-
ing exposure was significantly associated with disease
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recurrence and progression in ever-smokers (P = .003).
Compared with distant ex-smokers, recent ex-smokers ex-
hibited a higher disease recurrencerate (P < .001), similar
to that of current smokers. On multivariate Cox regression
analysis, adjusted for clinicopathological features, distant
ex-smokers were at significantly decreased risk for disease
recurrence compared with current smokers (hazard ratio
0.40, 95% CI, 0.2-0.7; P < .001). In terms of overall
survival, no statistically significant differences were dem-
onstrated (P > .05), although current smokers had worse
survival rates than ex-smokers.

The association between smoking and survival follow-
ing breast cancer diagnosis was evaluated in the study of
Braithwaite et al.# In this prospective observational study,
2,270 women who had completed breast cancer treatment
and were free of recurrence were followed up for amedian
of 12 y. The end points of the study were mortality from
breast cancer, other causes, and all causes. Smoking status
data were available for 2,258 women. Differences were
observed in al-cause and other-cause mortalities in rela
tion to smoking status, and, to a lesser extent, in breast
cancer deaths. Current smokers showed a significantly
higher risk of breast-specific, all-cause, and competing-
cause mortalities and a 2-fold increase in the risk of breast
cancer death compared with never-smokers. Ex-smokers
showed an increased risk of all-cause mortality and an
1.35 times increased risk of breast cancer-specific mortal-
ity in unadjusted models. The authors also found an in-
creased risk of breast cancer death in premenopausa and
postmenopausal women who were current smokers and
only in premenopausal ex-smokers. A stronger association
was found between current smoking and cancer-specific
mortality in women with normal weight (body mass index
of < 25 kg/m?) than in women with a body mass index of
> 25 kg/m?.

Impact of Smoking and Smoking Cessation on
Cancer Treatment Effectiveness

Effect of Continued Smoking on Efficacy of Radiation
Therapy. Cigarette smoking is an important risk factor
for the development of head and neck squamous cell can-
cers. The impact of smoking on the efficacy of radiation
therapy in head and neck cancer was studied by Browman
et a6 in the early 1990s (Table 2). In this study, 115
subjects with histologically confirmed localized stage 111
and IV squamous cell carcinoma of the head and neck
were recruited for a randomized tria involving treatment
with radiation and chemotherapy. The treatment regimen
involved delivery of atotal dose of 6,600 rad in 33 frac-
tions over a period of 6.5 weeks. During the first and third
weeks of treatment, subjects were assigned to receive ei-
ther fluorouracil or placebo. Smoking history, smoking
status, and history of alcohol consumption were recorded.

RespirRATORY CARE © DECEMBER 2014 VoL 59 No 12

Subjects who reported smoking at least one cigarette dur-
ing the 6.5 weeks of radiation therapy were classified as
smokers, and those who denied smoking during treatment
were classified as abstainers. Adverse effects were as-
sessed weekly with several scales and by monitoring body
weight, serum albumin levels, and performance status. The
response of the tumor was determined 13 weeks after the
completion of radiation therapy. Subjects were classified
as showing complete response or no response.

During the treatment period, 54% of the subjects did not
smoke, whereas 46% continued smoking.® Among sub-
jects who continued to smoke during radiation therapy,
only 45% had a complete response compared with 74%
who abstained from smoking (P = .008). The 2-year sur-
vival rate was 66% in the non-smoking group compared
with 39% in the smoking group (P = .005).

The researchers also calculated the difference in sur-
vival rate between recent quitters (smokers who had quit
< 12 weeks before the diagnosis) and long-time quitters
(those who had quit > 1 y before the diagnosis).X¢ The
differenceinsurvival wasstatistically significant (P = .005)
and was related to the length of time between quitting and
treatment. Compared with smokers, the risk of mortality
18 months after treatment was 0.4 for the entire group of
abstainers, 0.3 for subjects who had not smoked for > 1y
before the diagnosis, and 0.6 for subjects who had quit
smoking < 12 weeks before the diagnosis. The risk of
mortality was not significantly different in the 2 subgroups
of non-smokers (P = .31).

The effect of smoking could not be explained by dif-
ferences in subject and tumor baseline characteristics. Dif-
ferences in the frequency of treatment (radiation or che-
motherapy) interruption were observed, but the authors
believe that it is unlikely that the number of these events
accounts for the magnitude of difference in treatment out-
comes.16

The regression model for survival included age, tumor
stage, tumor site, treatment (fluorouracil or placebo), and
smoking status during treatment. Smoking during radia-
tion therapy emerged as the only significant variable in-
dependently associated with survival (P = .002), with a
relative risk of 2.5 in favor of those who did not smoke
during treatment. The authors also examined all potential
interactions of the variables contained in the model. No
interaction terms were significant, and with the introduc-
tion of the interaction terms, smoking remained an inde-
pendent predictor of survival with arelative risk of 2.3 in
favor of those who did not smoke during radiotherapy.

In conclusion, among subjects with locally advanced
stage 111 or IV squamous cell carcinoma of the head and
neck treated with radiation therapy, those who continued
to smoke during therapy had a lower rate of response and
survival than those who abstained from smoking during
treatment.6
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Table 2.  Studies Evaluating the Impact of Smoking on Cancer Treatment, Effectiveness, and Second Primary Tumors
Type of Subjects . Assessment of Main Results in Relation
Reference Can?:/gr/Stage (:1) Study Design Smoking Status Outcomes to Smoking Status
Browman et a6 Head and Neck (stages 115 Randomized Smokers or abstainers 2-y survival Increased 2-y survival in
111 and 1V) prospective  during treatment abstainers
(chemoradiotherapy) Response (complete or  Better survival in long-
none) time ex-smokers
Lower complete response
in current smokers
Clark et a” Non-small-cell lung 311  Retrospective Current smokers, (O Greatest benefit in survival
cancer ex-smokers, from erlotinib in never-
never-smokers smokers, epidermal
growth factor receptor-
positive
Shepherd et al*®  Non-small-cell lung 713 Randomized Current smokers, OS, PFS Better responsiveness to
cancer double- never-smoker, erlotinib in never-
blind unknown smokers
Johnson et a®  Non-small-cell lung 731 Randomized Never-smokers, OS (primary), PFS, Better survival in never-
cancer controlled current smokers, quality of life, tumor smokers
ex-smokers, response, tumor-
unknown response duration
Kumar et al20 Squamous cell carcinoma 66 Prospective  Never-smokers, DSS, OS, response to Poorer DSS in current
of the oropharynx ex-smokers, current therapy smokers
(stages 111 and 1V) smokers
Kinoshita et a2 Gastric cancer (stages 1,614 Prospective  Never-smokers, Risk for second primary Increased risk for
1-11) ex-smokers, current tumor smoking-related cancers
smokers
Tucker et al22 Small-cell lung cancer 611 Retrospective Non-smokers, Risk for second cancer ~ 3.5-fold increased risk for
(limited stage) ex-smokers, any cancer type, 7-fold

OS = overall survival
PFS = progression-free survival
DSS = disease-specific survival

continued smokers

for smoking-related
cancers

Effect of Smoking Status and Continued Smoking on
Cancer Chemotherapy and Epidermal Growth Factor
Receptor TyrosineKinase Inhibitors. Thereisgrowing
evidence that continued smoking after cancer diagnosis
promotes tumor progression and increases resistance to
therapy in patients with lung cancer.8 Tumor promoters
possess the ability to block apoptosis, an important mech-
anism in the development and growth of tumors. Many
anti-cancer therapeutic agents, including drugs and radia-
tion, kill tumor cells through apoptosis, and therefore, in-
hibition of apoptosis may promote resistance to cancer
therapy.2® Recent reports show that nicotine inhibits apo-
ptosisin various cell lines. These observations suggest that
nicotine may have the ability not only to promote lung
cancer development by activating cell growth pathways,
but also to reduce the efficacy of chemotherapeutic agents
by stimulating survival pathways.24

Epidermal growth factor receptor tyrosine kinase inhib-
itors constitute a class of novel hiologically targeted agents
that are widely used in the management of locally ad-
vanced or metastatic non-small-cell lung cancer after fail-

6

ure of prior chemotherapy or as first-line treatment in epi-
dermal growth factor receptor-positive patients. Erlotinib
isan oral epidermal growth factor receptor inhibitor that is
currently approved in second-line and third-line treatment
for non-small-cell lung cancer.19.25 In clinical trials using
erlotinib, subjects were characterized according to their
smoking status as never-smokers, ex-smokers, or current
smokers. All subgroups of smokers benefited from erlo-
tinib therapy compared with placebo, but the magnitude of
benefit varied with smoking status. Median survival in the
erlotinibarmwas12.3monthsinnever-smokers, 5.5 months
in ex-smokers, and 6.12 months in current smokers
(P = .006).17-19.2526 These differences have been attrib-
uted to several factors, including differences in the natural
history and histological type of lung cancer and pharma-
cokinetics of erlotinib between smokers and never-smok-
ers. The more serious adverse events observed in ex-smok-
ers and never-smokers receiving the erlotinib treatment are
suggestive of differencesin erlotinib exposure across var-
ious smoking status groups. It is now proven that plasma
levels of erlotinib are reduced by cigarette smoking. Cur-
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rent smokers show as much as a 2-fold decrease in erlo-
tinib plasma concentrations compared with ex-smokers or
never-smokers. Therefore, erlotinib would be theoretically
less effective in smokers due to lower serum levels of the
drug.2627 Hughes et al26 investigated the hypothesis that
the reduction in erlotinib exposure seen in current smokers
may be attributed, at least in part, to the induction of
cytochrome P enzymes CY P1A1 and CY P1A2 by tobacco
smoking. The researchers concluded that the maximum
tolerated dose of erlotinib in non-small-cell lung cancer
subjects who continued to smoke was 300 mg/d, afinding
that contrasts with the previously accepted maximum tol-
erated dose of 150 mg in unselected patients. The results
of this study indicate that exposure and toxicity of erlo-
tinib may be influenced by cigarette smoking. Based on
these findings, patients with non-small-cell lung cancer
who continue to smoke are strongly advised to quit before
starting treatment with erlotinib.

Smoking status has also been analyzed, among other
factors such as biomarkers (epiderma growth factor re-
ceptor, p53, pl6, and Bcl-x, expression and p53 muta
tion), sex, and human papilloma virus presence and titer,
in relation to its effect on response to therapy and on
survival in subjects with advanced squamous cell carci-
noma of the oropharynx.2° A history of never smoking or
former smoking was significantly correlated with higher
pl6 expression (P = .01) and lower epiderma growth
factor receptor (P = .04) and Bcl-x, (P = .02) expression.
All subjects with a p53 mutation were ex-smokers or cur-
rent smokers. After adjusting for smoking status, p53 and
Bcl-x, combined and epiderma growth factor receptor
alone each held prognostic significance for overall sur-
vival and disease-specific survival. Similarly, after analy-
sis was adjusted for smoking status, p16 still held prog-
nostic value for overall survival. In this cohort, epidermal
growth factor receptor, HPV16, and pl6 each indepen-
dently predicted survival, and when combined, these mark-
ers were associated with survival outcomes. Epidermal
growth factor receptor expression was significantly higher
in current smokers than in ex-smokers, who in turn had
higher epidermal growth factor receptor levels compared
with never-smokers. This suggests that smoking may con-
tribute to increased epidermal growth factor receptor ex-
pression. Current smokers with high tumor epidermal
growth factor receptor expression had poorer disease-spe-
cific survival than subjectsin other groups. Studies assess-
ing the impact of smoking on cancer treatment effective-
ness are listed in Table 2.

Correlation Between Continued Smoking and Second
Primary Tumors. Multiple studies have found that sub-
jects who continued smoking after cancer diagnosis had an
increased risk of developing a second primary malignancy
(see Table 2).28 Kinoshita et al2* examined the risk of a
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second primary tumor in subjects with gastric cancer in
relation to adjuvant immunochemotherapy after curative
resection and smoking and drinking habits. Among 1,614
gastric cancer subjects, 149 developed a second primary
tumor during the period from 1978 to 1995.

This study did not show a significantly increased risk
for second primary tumors after adjuvant therapy for gas-
tric cancer. An increased risk for second primaries in cur-
rent smokers and ex-daily drinkers was observed in this
study. The hazard ratio regarding the association between
smoking habit and the risk for second primaries for males
was 1.82 (1.02-3.26) for current smokers and 0.95 (0.42—
2.13) for ex-smokers compared with the risk in those who
had never smoked and after adjusting for age, stage, type
of adjuvant therapy, and drinking habit. Even more strik-
ing results were obtained when the association between
smoking habits and second primaries was re-evaluated in
terms of smoking-related cancers, involving second pri-
mary malignanciesrestricted to esophageal, laryngeal, lung,
and bladder cancer. In these cases, the hazard ratio regard-
ing the relation between smoking status and second pri-
maries increased to 3.00 (range of 1.24—7.28) for current
smokers and 1.04 (range of 0.32-3.39) for ex-smokers
compared with never smokers. No excess risk was found
in ex-smokers, which could be strong motivation for smok-
ers with gastric cancer to quit smoking.

Therisk of asecond primary in relation to smoking and
treatment in long-term survivors with small-cell lung can-
cer wasalso evaluated by Tucker et al .22 Six-hundred eleven
subjects with small-cell lung cancer who survived cancer-
free for = 2y were included in the analysis. Most of the
survivors had limited-stage disease, and the average fol-
low-up period was 5.2 y. A total of 103 second primary
cancers were identified. Overall, the risk of any second
cancer was increased by 3.5-fold in this group of subjects.
Smoking-related cancers (lung, head and neck, laryngeal,
bladder, esophageal, stomach, pancreatic, and kidney) were
disproportionately represented with a 7-fold increase
(95% CI 5.2—8.7). Cancers not related to smoking were
not significantly increased (observed/expected = 1.5,
95% CI 0.98-2.2).

Most of the increased risk was attributed to 51 second
lung cancerswith ahistological type other than small cell.22
Thecumulativerisk of asecond lung cancer was 32% + 5%
at 12 y and did not appear to reach a plateau. Subjects
irradiated in the chest had a 13-fold increased risk of de-
veloping a second lung cancer compared with a 6-fold
increased risk among those who were not irradiated.

The risk of a second lung cancer varied with smoking
status, with no second lung cancers occurring in the small
number of subjects who were non-smokers.22 |n those who
stopped smoking before the diagnosis of small-cell lung
cancer (mean pack-years of 46 *+ 28), the risk was stable
over time. In those who stopped at the time of diagnosis
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(mean pack-years of 53 = 24), therisk increased over time
(P = .009). The highest risk was found among those who
continued to smoke after small-cell lung cancer diagnosis
(mean packs-years of 53 = 24). The risk of a second lung
cancer did not vary significantly by pack-years at the time
of small-cell lung cancer diagnosis.

Theauthorsal so eval uated the combined effects of smok-
ing status and radiation therapy.22 Among those who
stopped smoking, the risks were similar in those who did
and did not receive radiation therapy. Trends over time
were similar and not significant for either group. Among
those who continued to smoke, the risks were much higher
among those treated with chest irradiation and increased
significantly over time. The interaction between smoking
and chest irradiation was substantial but not statistically
significant because of therel atively small number of events.
Subjects treated with various forms of combination che-
motherapy showed comparable increases in the risk of a
second primary tumor (9.4-13-fold overall), except for
those who continued to smoke and were treated with al-
kylating agents, who showed a 19-fold increased risk.

This study clearly demonstrated that continued smoking
increased the risk of a second lung cancer in subjects who
had been treated for small-cell lung carcinoma.?2 In those
who continued to smoke, the risk was approximately dou-
ble overall. The increase in risk among persistent smokers
could not be explained by the increment in accumulated
pack-years. Although the risk was also increased for la
ryngeal and other smoking-related cancers, it seems that
the entire aerodigestive epithelium is at risk. This study
also suggests that there is probably a synergism between
chest irradiation and smoking in the development of sec-
ond lung cancers. Smoking may act as a promoter in tis-
sues with radiation-induced genomic instability.

In conclusion, this study demonstrated that the effects of
both radiation therapy and chemotherapy on the devel opment
of second primary cancers were substantially enhanced in
subjects who continued to smoke.22 The risk of a second
cancer was much lower in those who quit smoking.

Clinical Importance of Smoking Cessation on Quality
of Life, Pain, and Performance Status

In this section of our review, we evaluated 6 studies.
Three were performed in lung cancer subjects and as-
sessed quality of life and performance status. Different
questionnaires for the assessment of quality of life were
used; therefore, any comparison between the results was
difficult. One study of quality of life was performed in
subjects with head and neck cancer. We also reviewed 2
studies in which pain, a major component of quality of
life, was assessed in relation to smoking status.

8

Garces et al?® evaluated whether smoking cessation af-
ter lung cancer diagnosis improves quality of life in lung
cancer subjects. Cigarette-smoking patterns at the time of
lung cancer diagnosis and at follow-up were assessed to
determine the impact of cigarette smoking on a subject’s
quality of life as measured by the Lung Cancer Symptom
Scale (LCSS). The LCSS consists of 9 individual items,
and the total score is the average of the sum of those 9
individual items. The first 6 items represent measures of
the specified lung cancer symptoms, including appetite,
fatigue, cough, shortness of breath, hemoptysis, and pain.
The remaining 3 items measure general lung cancer symp-
toms and how the illness affects normal activities and
overall quality of life. The items are ranked on a visual
anaog scale of 0100 mm.

A total of 1,028 subjects with non-small-cell lung can-
cer and small-cell lung cancer entered the study.2® Smok-
ers were classified as never-smokers, ex-smokers, or cur-
rent smokers. Thetotal number of packs/d and total number
of pack-years of the smoking history were recorded. The
adjusted mean = SD total LCSS for never-smokers and
persistent smokers were 17.6 = 4.02 and 28.7 + 5.09, re-
spectively (P < .001), whereas ex-smokers (abstinent and
relapsed) had adjusted mean + SD total LCSS scores that
were similar to those of never-smokers (ex-smokers,
19.8 = 4.12; never-smokers, 20.0 + 4.9). The lower
quality-of-life scores corresponded to a better quality of
life among never-smokers compared with persistent smok-
ers, who had the highest scores and the worst quality of
life.

Similar trends and findings regarding total LCSS were
noted for al 9 individual LCSS items among different
categories of never-smokers, ex-smokers, persistent smok-
ers, and abstinent smokers.2° The results regarding 7 of the
9 individual items were clinically and statistically signif-
icant. This means that persistent smokers had worse ap-
petite, fatigue, cough, shortness of breath, symptomatic
distress, effect on activities, and overall quality of life
compared with never-smokers, with ex-smokers and ab-
stinent smokers having intermediate adjusted LCSS. No
dose-response difference was found between the number
of packs/d or the total number of subjects and the adjusted
LCSS, but thisfinding was limited by the small humber of
subjects in each category of cigarette consumption.

The qudlity of lifein subjects with head and neck cancer
has been investigated by Gritz et a.3° In this study, at
baseline, subjects were current smokers or had quit within
the previous 12 months. Subjects who were ex-smokers
after 1y of follow-up reported higher quality-of-life scores
than subjects who had not stopped smoking.

Quality of life in relation to smoking status was evalu-
ated after lung cancer surgery by Balduyck et a.3! In this
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study, 70 subjects with non-small-cell lung cancer under-
went lobectomy or pneumonectomy. Quality of life was
prospectively recorded at baseline (1 d before surgery) and
at 1, 3, 6, and 12 months postoperatively using the Euro-
pean Organisation for Research and Treatment of Cancer
quality-of-life questionnaires QLQ-C30 and QLQ-LC13
(lung cancer-specific).3233 Baseline quality-of-life scores
were comparable in the 4 subgroups of the study (non-
smokers, ex-smokers, recent ex-smokers, current smok-
ers). Non-smokers showed the best postoperative quality-
of-life evolution. All quality-of-life domains returned to
basdline in the first month after surgery with the exception
of physical functioning. Ex-smokers returned to baseline
in most quality-of-life domains 1 month after surgery, al-
though they reported functional deficits during the first
3 months, persistent decreases in role functioning at
12 months, and temporary increases in general and tho-
racic pain the first month. Compared with the previous
subgroups, recent ex-smokers reported longer physical
functioning impairment up to 6 months after surgery and
an increase in dyspnea at 1 and 3 months postoperatively.
Current smokers reported a persistent decrease in physical
and socia functiona status during the entire follow-up
period, aswell asgeneral and thoracic pain up to 12 months
after surgery.

The effect of post-diagnosis smoking cessation on per-
formance status was evaluated in the study of Baser et al34
in a population of subjects with non-small-cell lung can-
cer. Participants were classified as current smokers, never-
smokers, and ex-smokers, and performance statuswas clas-
sified according to the criteria of the Eastern Cooperative
Oncology Group. Overall survival was assessed in this
study, and performance change at 0, 6, and 12 months was
calculated.

A total of 206 subjects with non-small-cell lung cancer
were included in the study and received surgical, medical,
or combined surgical/medical therapy.3* Forty-five per-
cent were current smokers, 48% were ex-smokers, and 7%
never-smokers. Subjects who had quit smoking maintained
a better performance status at 0—6 months (odds ratio of
7.09, P = .002) and at 0—12 months (odds ratio of 6.99,
P = .006) than those who continued to smoke regardless
of disease stage, age, race, sex, cancer-related treatment
modality (surgical vs medical treatment), and comorbidi-
ties. Inthisstudy, survival differencesbetween the 2 groups
of subjects were not statistically significant, possibly due
to the small number of subjects.

According to the authors, several factors may contribute
to performance status deterioration, including airway in-
flammation, decreased lung function, and reduced muco-
ciliary clearanceduetotheirritant effect of cigarette smoke,
as well as tobacco-induced COPD exacerbations.3* Sev-
eral biological mechanisms could also explain performance
status deterioration, such as increased levels of carbon
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monoxidein active smokers and the subsequent tissue hyp-
oxia associated with suboptimal outcomes following che-
motherapy or radiation treatment.

Pain in cancer patients is of particular interest, as 30—
45% of cancer subjects with early-stage disease experi-
ence moderate-to-severe pain, and nearly 75% with ad-
vanced-stage disease report moderate-to-very severe pain.
There is also emerging evidence of a unique relationship
between recurrent pain and tobacco use in the general
population. Smoking has been associated with the occur-
rence and aggravation of several conditions associated with
chronic pain.3s

Daniel et al3 tested the cross-sectional association be-
tween post-diagnosis smoking status and pain ratings
among lung cancer subjects and found that current smok-
ers reported greater pain (odds ratio of 1.6, 95% CI 1.1—
2.4) than agroup composed of both ex-smokers and never-
smokers.

Ditre et al37 examined smoking status and pain reporting
in greater detail across a wider range of cancer subjects
along with the potential benefits of smoking cessation.
Participants in this study were subjects with cancer sched-
uled to receive out-patient cytotoxic chemotherapy over a
period of at least 9 weeks and having an Eastern Cooper-
ative Oncology Group performance status of = 2. Smok-
ing status and cigarette consumption were determined via
self-report at baseline assessment. Subjects were classified
as never-smokers, ex-smokers, or current smokers. Pain
status and pain interference were assessed using the Med-
ical Outcomes Survey 36-Item Short Form, which is a
widely used self-report measure of physical and mental
well-being. Pain-related distress was measured using the
Memorial Symptom Assessment Scale Short Form, which
is a self-report measure of the severity of 32 symptoms
commonly experienced by cancer patients. A total of 224
subjects participated in the study. Cancer diagnoses were
categorized as breast cancer (34.82%), lung cancer
(33.04%), and other cancer types (32.14%).

Current smokers reported experiencing more severe pain
than never-smokers (P < .01), whereas there were no
difference in the severity of pain between ex-smokers and
current smokers or never-smokers.3” Analysisalsorevealed
significant differences in self-reported pain-related inter-
ference with daily routine across study groups. Current
smokers reported having experienced greater interference
from pain than never-smokers (P < .01) and ex-smokers
(P < .01). No differencesin pain-related interference were
observed between ex-smokers and never-smokers. There
were no differences in the degree to which subjects expe-
rienced distress associated with pain in relation to smoking
status.

A significant negative correlation between self-reported
pain severity and the number of years since quitting smok-
ing in ex-smokers was reveded (P < .01).3” A similar
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Table 3.  Studies Regarding the Impact of Smoking on Quality of Life and Pain in Cancer Subjects
Reference Type of Subjects Stu_dy Amnmt of Outcomes Main Result_s in Relation to
Cancer/Stage (n) Design Smoking Status Smoking Status

Garceseta?®  Small-cell and non- 1,028 Prospective  Never-smokers, ex- Quality of life (LCSS) Worst quality of life in current
small-cell lung smokers, current smokers (7 of 9 itemsin
cancer smokers LCSS)

Gritz et al®° Head and neck 105 Prospective  Current smokers, ex- Quality of life (KPS,  Improved quality of lifein

smokers (baseline) CARES-SF, PSS ex-smokers
Current/ex-smokers HN, POMS)
(follow-up)

Balduyck et a3 Non-small-cell lung 70 Prospective  Non-smokers, ex-smokers, Quality of life Poorer postoperative quality of
cancer (early recent ex-smokers, (EORTC QLQ-C30 life in current smokers
stage after lung current smokers and QLQ-LC13)
cancer surgery)

Baser et al34 Non-small-cell lung 206 Retrospective Never-smokers, ex- Performance status Better performance status in
cancer (stages smokers, current (ECOG criteria) ex-smokers
1-1V) smokers Survival No impact on survival

Daniel et al3¢ Lung cancer 893 Prospective  Non-smokers, ex-smokers, Pain level (scale 0-10) Higher reported levels of usual

persistent smokers pain in persistent smokers

Ditre et al3” Lung cancer, breast 224  Prospective  Never-smokers, ex- Pain status More severe pain in current

cancer, other

smokers, current
smokers

smokers, no differences in

types of cancer

LCSS = Lung Cancer Symptom Scale

KPS = Karnofsky Performance Scale

CARES-SF = Cancer Rehabilitation Evaluation System Short Form
PSS-HN = Performance Status Scale for Head & Neck Cancer Patients
POMS = Profile Of Mood States

EORTC = European Organisation for Research and Treatment of Cancer
QLQ-C30 = quality-of-life questionnaire

QLQ-LC13 = quality-of-life questionnaire lung cancer-specific

ECOG = Eastern Cooperative Oncology Group

SF-36 = Medical Outcomes Survey 36-Item Short Form

MSAS-SF = Memoria Symptom Assessment Scale Short Form

never-smokers and ex-
smokers

Greater interference from pain
in current smokers

Pain interference

Pain-related distress
(SF-36 and MSAS-
SF scales)

inverse relation was observed between self-reported pain-
associated impairment and the number of years since quit-
ting (P < .01). There was no significant correlation be-
tween pain-related distress and years since quitting.

In both current smokers and ex-smokers, analysis re-
vealed no significant correlations between the number of
cigarettes smoked per day and pain severity, pain interfer-
ence, or pain-related stress.37 Finally, the authors concluded
that continued smoking despite cancer diagnosis was as-
sociated with increased pain and increased pai n-associated
functional impairment after adjusting for age, gender, sur-
gery status, disease stage, and education, and a negative
correlation between pain rating and the number of years
since quitting smoking was also observed.

The characteristics of the participantsin studiesincluded
in this review, measured outcomes, and main results in
relation to smoking are presented in Table 3.
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Discussion

In thisreview, we evaluated 20 studies regarding smok-
ing and smoking cessation in cancer subjectsin relation to
4 different topics: survival/mortality or disease progres-
sion, impact on anti-cancer treatment, risk of second pri-
mary malignancies, and quality of life. Most studies were
performed in subjects with smoking-related cancers, such
as lung, bladder, and head and neck cancer. A common
limitation of these studies is that smoking status was not
biochemically evaluated, so there may be a potential bias.
Many of the studies were observational, with small or
moderate sample sizes. Regarding smoking status, there
were no unanimous definitions of ex-smokers and recent
or distant ex-smokers. Some studies used a period of 10y
from smoking cessation as a criterion for the categoriza-
tion of subjects into distant and recent ex-smokers,'213
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whereas other researchers classified subjects into > 2
groups based on the duration of abstinence: 1-8, 9-17,
and = 18 y9or < 1, 1-4, 5-9, and = 10 y38 from smoking
cessation.

In 3 studies, the impact of smoking on survival in sub-
jects with limited-stage small-cell lung cancer85 and ear-
ly-stage non-small-cell lung cancer®15 was evaluated. None
of these studies assessed |ung cancer-specific survival. The
results of 2 studies in limited-stage small-cell lung cancer
subjects were conflicting, although even in a study that
failed to demonstrate statistically significant improvement
on overall survival, subjects who quit smoking experi-
enced a survival benefit.’® This is very important in a
detrimental disease such as small-cell lung cancer. The
most important finding in the study involving early-stage
non-small-cell lung cancer subjects® is the stronger bene-
ficial effect of smoking cessation on overall survival and
recurrence-free survival in light smokers compared with
heavy smokers and in women. The results of a study in
subjects with oral cancer® are important, but limited by
the small sample size.

The results of studies'213 involving subjects with non-
muscle-invasive bladder cancer with end points of disease-
free survival, progression, and overal survival are very
interesting. Although cigarette smoking is considered an
established risk factor for the development of bladder can-
cer,38 there has been no strong evidence on the effects of
smoking on bladder cancer prognosis until recently.3® The
studies were well designed, with a large number of sub-
jects and detailed recording of smoking status, including
intensity and duration of smoking. Long-term heavy smok-
ers with primary or recurrent urinary bladder cancer had
the worst outcomes, a finding that emphasizes the neces-
sity for smoking cessation counseling in urological pa-
tients.

A study on women with breast canceré reported some
important results, but the most striking finding was that
smoking affects not only overall mortality but also breast
cancer-specific mortality, although this conclusion derived
from a small proportion of current smokers. Evaluation of
the dose-response relationship between smoking and out-
come was limited by the lack of detailed information about
cigarette consumption and smoking status during the fol-
low-up period.

The effect of continued smoking or cessation on anti-
cancer treatment effectivenessis of major importance. The
results of the randomized study by Browman et a6 in
subjectswith locally advanced head and neck cancer show-
ing a better survival in ex-smokers are extremely impor-
tant, and this study remains a hallmark, although > 15y
have passed since its publication. The same authors in a
more recent study failed to prove a statistically significant
difference in survival, although abstainers and very light
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smokers had better survival rates than light, moderate, and
heavy smokers.4® This observational study also demon-
strated that baseline smoking status was an independent
predictor of survival.

Differences in survival rates with regard to smoking
status in subjects with advanced non-small-cell lung can-
cer under treatment with erlotinib were demonstrated in
large randomized clinical trials and are now clear and
well-described.17-19.25-27 Every candidatefor treatment with
erlotinib should be strongly advised to quit smoking to
achieve a higher survival rate.

In addition to the results from clinical trials, recent ev-
idence in animal models suggests that nicotine induces
resistance to cancer therapy by inhibiting apoptosisin lung
cancer cells.#t The researchers designed a study using a
combination of 2 chemotherapeutic agents to assess the
anti-apoptotic effects of nicotine in A549 cells (cells gen-
erated from mitochondrial DNA). These cells were pro-
cessed with nicotine for 24 h, followed by cisplatin, eto-
poside, or both. Nicotine significantly reduced both
cisplatin-induced and etoposi de-induced apoptosis by mod-
ulating the signaling pathway. These effects of nicotine are
critically important especially in patients undergoing treat-
ment for lung cancer because activation of the mitochon-
drial death pathway is one of the most common mecha-
nisms by which many anti-cancer therapeutic agentsinduce
apoptosis in tumor cells. These findings demonstrate that
both active smoking and nicotine supplementation may
compromise the response of cancer patients to chemother-
apy. Another study in which the authors used an in vitro
model to mimic long-term smoking in human lung cancer
concluded that lung cancer cells with long-term exposure
to cigarette smoke condensates become much more resis-
tant to carboplatin chemotherapy.#2 Confirming these re-
sults in humans is an issue that remains to be addressed.

The risk of a second primary malignancy is increasing
as the number of cancer survivors increases.4® Kinoshita
et a2 observed that subjects with gastric cancer who con-
tinued to smoke had a 3-fold risk of developing a second
smoking-related malignancy. Also, subjects who survived
small-cell lung cancer for > 2 y and continued to smoke
had a 7-fold increased risk for a second smoking-related
malignancy.2? These findings come from a well-designed
study in a moderate number of subjects. Although this
study also indicates that the treatment of small-cell lung
cancer (chemoradiotherapy) may affect the risk of a sec-
ond primary lung cancer, this risk seems to be much lower
in patients who quit smoking.

The last topic addressed in this review is the effect of
smoking on quality of life in cancer patients. A common
issue in these studies is the different questionnaires used
for the assessment of quality of life, complicating the com-
parison between different studies. Gritz et al3° assessed
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quality of life in subjects with lung cancer (both small and
non-small cell) using the LCSS as described above. The
results suggest that persistent smoking after a lung cancer
diagnosis reduces quality of life. Despite its limitations,
such as selection and survival biases, the results of this
study are important and underline the need for smoking
cessation interventions after lung cancer diagnosis.

Balduyck et al3! investigated the effect of smoking on
quality of life after surgery for early-stage non-small-cell
lung cancer. The authors concluded that smoking cessation
isbeneficial at any time relative to lung cancer surgery and
that subjects who continued to smoke experience a poorer
postoperative quality of life. The results of this study add
to the information coming from previously published stud-
ies showing that smokers who quit > 10 weeks before
surgery have a similar risk for postoperative pulmonary
complications as never-smokers.#4 There are some limita-
tions regarding the small number of patients included and
the use of the QLQ-C30 and QLQ-LC13 questionnaires
for the assessment of quality of life, which are validated
only for subjects with advanced disease (stages |1l and
V).

Pain is a major problem that reduces quality of life in
patients with cancer. Dataindicate that continued smoking
in patients with cancer is associated with increased pain
and greater pain-associated functional deterioration.3”
These results come from studies involving subjects with a
range of different cancer diagnoses and show even distri-
bution across disease stages |-V. Important limitations of
this study are the lack of information about the mecha-
nisms underlying the association between pain and current
smoking and the use of cross-sectional data that do not
dlow the establishment of causal relationships. Despite
these limitations, as cancer patients tend to smoke for
self-medication, such conclusions could be used to moti-
vate them to quit smoking. Further studies are needed to
obtain more clear results on the association between smok-
ing and pain, which could be used in every patient with
cancer.

An issue related to quality of life in cancer patients is
the effect of smoking on performance status, which has
been investigated in non-small-cell lung cancer patients by
Bergman et al.33 This study suggested that subjects who
quit smoking after the diagnosis of lung cancer maintained
abetter performance status over time, although differences
in survival according to smoking status were not found.
This study adds to the existing knowledge that smoking
cessation after the diagnosis of lung cancer has a benefi-
cial effect on performance status.

In conclusion, the importance of smoking cessation for
all cancer patients, especialy those with smoking-related
tumors, has been clearly demonstrated in the present re-
view. Although cancer diagnosis and treatment may be
teachable moments for smoking cessation, these opportu-
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nities may be underestimated by health-care professionals,
as most smoking cessation efforts focus on primary pre-
vention. Health-care providers and patients would benefit
from learning about the adverse effects of continued smok-
ing on cancer survival rates, treatment effectiveness, risk
for second primary malignancies, and quality of life. Pa-
tients who continue to smoke after cancer diagnosis or
treatment should be identified, and smoking cessation in-
terventions for this specific group of smokers and their
families should be available and implemented.
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