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Abstract
Background—Cancer patients who continue smoking are at increased risk for adverse outcomes
including reduced treatment efficacy and poorer survival rates. Many patients spontaneously quit
smoking after diagnosis; however, relapse is understudied. The goal of this study was to evaluate
smoking-related, affective, cognitive, and physical variables as predictors of smoking after
surgical treatment among lung and head/neck cancer patients.

Methods—A longitudinal study was conducted with 154 patients (57% male) who recently quit
smoking. Predictor variables were measured at baseline (i.e., time of surgery); smoking behavior
was assessed at 2, 4, 6, and 12 months post-surgery. Analyses of 7-day point prevalence were
performed using a Generalized Estimating Equations (GEE) approach.

Results—Relapse rates varied significantly depending on pre-surgery smoking status. At 12-
months post-surgery, 60% of patients who smoked during the week prior to surgery had resumed
smoking, versus only 13% who were abstinent prior to surgery. Smoking rates among both groups
were relatively stable across the 4 follow-ups. For patients smoking pre-surgery (N = 101),
predictors of smoking relapse included lower quitting self-efficacy, higher depression proneness,
and greater fears about cancer recurrence. For patients abstinent pre-surgery (N = 53), higher
perceived difficulty quitting and lower cancer-related risk perceptions predicted smoking relapse.

Conclusion—Efforts to encourage early cessation at diagnosis, and increased smoking relapse-
prevention efforts in the acute period following surgery, may promote long-term abstinence.
Several modifiable variables are identified to target in future smoking relapse-prevention
interventions for cancer patients.
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Introduction
Cigarette smoking is responsible for 30% of all cancer-related mortalities.1 Lung and head/
neck cancers are among the malignancies most strongly linked to tobacco use1 and a
significant proportion of lung and head/neck cancer patients are current smokers at the time
of diagnosis2, 3. Smoking cessation reduces morbidity and mortality in these patients4, 5,
whereas continued smoking after diagnosis increases patients’ risk for other smoking related
illnesses, (e.g. coronary heart disease), second primary tumors6, 7, and disease recurrence5, 6.
Continued smoking also has more immediate adverse impact, including reduced cancer
treatment efficacy8,9, higher rates of treatment complications and side effects10-13, greater
treatment-related weight loss14, and poorer quality of life15-17.

The majority of patients smoking at the time of their diagnosis spontaneously quit smoking
(e.g., 86% among lung cancer patients18, 84% among head/neck cancer patients19), with the
greatest proportion of quit attempts occurring at diagnosis20. Furthermore, smoking
cessation interventions for cancer patients have produced high short-term cessation
rates2, 21-24. Among studies that have reported smoking relapse rates in cancer patients,
estimates range from 13% to 60%18, 25-27. The majority of relapses occur after one month of
abstinence; those who achieve 6 months of abstinence are unlikely to ever resume
smoking15, 27.

Only a few studies have examined factors associated with smoking relapse among lung and
head/neck cancer patients. Gritz et al.15 showed that head/neck cancer patients who relapsed
versus those who remained abstinent were more likely to have less confidence in their
ability to quit, greater withdrawal and addiction, and employed a gradual reduction method
to quitting smoking. Negative affect was reported as the most common relapse precipitant.
Other reported triggers included fatigue, thoughts about cancer, and craving. A prospective
study conducted with lung and head/neck cancer patients28 found that relapsers had lower
levels of self-efficacy as compared to those who quit at the follow-up or were abstinent.
Finally, Walker et al.29 examined predictors of smoking relapse among lung cancer patients
who smoked within 3 months before surgery. Patients who had quit for a shorter period
before surgery and who held stronger expectations of the pleasure associated with smoking
(i.e., appetitive cravings) were more likely to resume smoking.

The current study extends research on smoking relapse in lung and head and neck cancer
patients in several ways. The majority of existing studies reported rates of relapse in the
context of a smoking cessation treatment study, and thus it is unknown whether the findings
generalize to patients who self-quit. Furthermore, prior prospective research is limited by
small sample sizes, single follow-up assessments, and limited sets of predictors that were not
modifiable and/or not unique to the cancer patient population (e.g., demographics, cravings).
The aims of this prospective study were to (1) examine smoking trajectories among lung and
head/neck cancer patients for 12 months following surgical treatment and (2) test potential
predictors of relapse based on Witkiewitz and Marlatts’ model of relapse30 and our previous
qualitative work with this population31. Selected predictors covered four primary domains
(smoking-related, affective, cognitive, and physical), with an emphasis on potentially
modifiable variables specifically relevant to cancer patients that could inform a future
intervention for this population. They were assessed at the time of surgery (i.e., baseline),
with follow-up assessments of smoking status that occurred at 2, 4, 6, and 12 months after
surgery.
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Method
Participants

Patients were recruited from the thoracic (TH) and head and neck (HN) clinics at Moffitt
Cancer Center from March 1, 2008 to December 31, 2009. Eligible patients 1) were at least
18 years of age, 2) had a history of smoking at least 10 cigarettes per day for at least one
year prior to diagnosis, and 3) were scheduled to undergo surgical cancer treatment.
Additionally, all patients either 1) had recently quit smoking (≤ 6 months prior, confirmed
biochemically via carbon monoxide breath sample), or 2) were smoking in the week prior to
surgery but intended to quit immediately following surgery. All patients in the present study
were abstinent ≥ 24 hours following surgery. All patients at the cancer center have access to
a certified tobacco cessation specialist; however, no intervention was provided as part of the
current study.

Procedure
Screening—Recruitment and study procedures have been described previously32. Patients
scheduled for surgery were pre-screened for eligibility using the electronic clinic schedule
and medical record. Preliminarily eligible patients were identified for an in-person screening
by trained research assistants. Of eligible patients, 80% agreed to participate. In the HN
clinic, patients were approached in the clinic waiting room on the day of their pre-operative
appointment and taken to a private exam room to complete the screening. Due to differences
in how the two clinics operated, it was not possible to screen TH patients at a pre-operative
appointment. Rather, TH patients were approached for screening in their hospital rooms
after their surgery at any time before discharge, generally within two to three days.

Enrollment and Baseline Assessment—Immediately after screening, participants
provided informed consent and a breath sample (carbon monoxide, CO) to confirm their
self-reported smoking status. They were then given the baseline assessment packet to
complete (see measures below). HN patients completed this assessment in the clinic waiting
room or an exam room. TH patients completed it during their hospital stay. Patients were
compensated $25 upon completion of this assessment.

Follow-up Assessments—Research assistants conducted follow-up assessments with
patients via telephone (or mail if they were unable to speak on the phone) at 2, 4, 6, and 12
months post-surgery. Patients were compensated $25 for completing each follow-up.

Measures
Assessment of smoking status—Smoking status at pre-surgery (i.e., baseline) and the
follow-up time points (2, 4, 6, and 12 months after the date of surgery) was classified using
7-day point prevalence criteria (i.e., patients who reported not smoking in the 7 days prior to
surgery were recorded as abstinent). At follow-ups, we collected biochemical confirmation
of smoking abstinence, via breath CO, from a subsample of 44 participants who reported
abstinence and were available to be seen at a hospital visit. Other patients were unavailable
for biochemical verification due to logistics (e.g., patient lived far away and was not
scheduled to visit the cancer center during a follow-up window) rather than refusal. Only
one participant exhibited CO levels greater than 10 parts per million while self-reporting
abstinence at the 6-month follow-up, and was therefore recoded as smoking.

Demographics, Smoking, and Alcohol Use—At baseline, participants provided
demographics (age, gender, education, marital status, race, ethnicity, and household
income), smoking history (age at smoking initiation, years smoked, previous quit attempts,
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and smoking cessation treatment history), and alcohol use information (frequency of
drinking in the past 12 months and history of excess drinking or treatment for alcohol-
related problems).

Smoking-Related Predictors—Nicotine dependence was assessed using the Fagerström
Test for Nicotine Dependence (FTND)33, with items reworded to reflect pre-quit level of
dependence for those patients who had already quit at baseline. Motivation to quit and self-
efficacy were assessed using a previously validated three-item measure (Thoughts about
Abstinence)34 in which desire for abstinence (TAS-Desire), expectation of success at
abstinence (TAS-Quitting Self-Efficacy), and expected difficulty with abstinence (TAS-
Perceived Difficulty Quitting) were each rated on a 10-point scale.

Affective Predictors—Participants reported if they had any history of treatment for
depression, and rated how easily they become depressed (depression proneness) on a 7-point
Likert-type scale. Depressive symptoms during the past week were assessed with the Center
for Epidemiologic Studies Depression Scale (CES-D)35. Fear of cancer recurrence was
assessed with four-items from the Fear of Relapse/Recurrence scale assessing beliefs and
anxieties about possible cancer recurrence on a 5-point Likert scale36.

Cognitive Predictors—Perceptions of risk of resuming tobacco use (POR) were assessed
with a modified version of the risk perception 6-item tool developed by Schnoll et al.28. We
added an additional item to assess beliefs about how smoking affects current cancer
treatment. The Impact of Event scale (IES)37, a 15-item instrument, was used to assess
subjective distress about cancer-related concerns in the previous week. The control over the
cause of their cancer and course of cancer subscales were used from the Cancer Locus of
Control scale (CLOC)38.

Physical Predictors—Pain was assessed with the 15-item Brief Pain Inventory Short
Form (BPI-SF)39, Fatigue was assessed with the 9-item Brief Fatigue Inventory (BFI)40.

Data analysis
Prior to conducting the primary analyses, descriptive statistics (means or frequencies) were
computed to characterize the study sample. Chi-square (χ2) and analysis of variance
(ANOVA) were used to examine differences in demographics and smoking characteristics
by cancer type. Preliminary Generalized Estimating Equations (GEE) regression analyses
were used to assess whether smoking status differed over the 4 follow-ups (2, 4, 6, and 12-
months) and was predicted by pre-surgery smoking status.

The primary analyses used GEE to assess the smoking, affective, physical, and cognitive
variables as predictors of post-surgery smoking for all patients. Each variable was tested
individually. Variables with P values < .10 were entered into a backward stepwise regression
analysis.

RESULTS
Participants

Of 177 patients who were eligible and enrolled, 154 completed the baseline and at least one
of the follow-up assessments (see Figure 1). Completion rates for the 2, 4, 6, and 12-month
follow-ups were 98%, 95%, 91%, and 86% respectively. Participant characteristics are
reported in Table 1. As compared to the participants in the Thoracic Clinic, Head and Neck
patients were more likely to be male, to be younger, and to have a less extensive smoking
history.
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Smoking Status
Based on 7-day point prevalence estimates, 101 patients (66%) smoked during the week
prior to surgery. As shown in Table 1, a significantly higher percentage of head and neck
cancer patients were smoking pre-surgery (P < .001). Pre-surgery smokers were also less
likely to be married (47% versus 68%; P = .016) and more likely to have another smoker in
the household (51% versus 26%; P = .004).

Figure 2 displays smoking rates for responders at 2, 4, 6, and 12 months post-surgery.
Smoking rates exhibited high stability across the 4 follow-ups with phi coefficients greater
than .76 (P’s < .0001). The preliminary GEE analysis of smoking at the 4 follow-ups
revealed a small, but significant increase in smoking over the 12 months (OR = 1.03, 95%
CI = 1.00, 1.06; P = .044). Analyses of demographic and smoking characteristics revealed
and a significant effect of smoking status prior to surgery (OR = 11.4, 95% CI = 4.99, 26.0;
P < .0001). Those who were abstinent in the week prior to surgery, compared to those who
smoked, had significantly lower smoking relapse rates at all follow-ups (8-13% versus
53-60%; P’s < .0001). Analyses of demographic, smoking, alcohol, and medical
characteristics (cancer stage*, type, and mortality) revealed that only prior alcohol treatment
was related to smoking relapse above and beyond pre-surgery smoking status (P <.001).

Predictors: Smoking-Related, Affective, Physical, and Cognitive
Table 2 presents descriptive statistics for target predictors for all patients and by smoking
status in the week prior to surgery. The different trajectories based on pre-surgery smoking
status prompted analysis of target predictors separately for these sub-groups. Not
surprisingly, patients abstinent pre-surgery reported a greater desire to (stay) quit (P < .001),
higher quitting self-efficacy, (P < .001), and less perceived difficulty quitting (P < .001).
This group also reported stronger beliefs about having control over their cancer (P = .03)
and higher perceptions of risks associated with continued smoking (P = .03). Below we
present three sets of analyses conducted to predict relapse in: 1) all patients, 2) patients who
were abstinent (≥ 7 days) pre-surgery, and 3) patients who were smoking (i.e. within 7 days)
pre-surgery.

All Patients
Target predictors were examined individually using GEE in a model that included follow-up
(Month) and pre-surgery smoking status. Smoking relapse was predicted by two smoking-
related variables, a lower desire to quit (P = .017) and lower quitting self-efficacy (P < .001).
With regards to the affective variables, higher ratings of depression proneness (P=.009),
prior treatment for depression (P=.011), higher current depressive symptoms (P=.025), and
greater reported fears about cancer recurrence (P=.001) were also significant predictors of
resuming smoking. One physical variable, higher pain severity (P=.089), was a marginally
significant predictor.

Table 3 displays the results of backward stepwise regression for models with Month and
Pre-surgery Smoking as the base model. As can be seen in the top section of table, 2 of the 7
predictors initially entered into the regression remained significant. Participants were more
likely to resume smoking post-surgery if they had lower quitting self-efficacy and higher
ratings of depression proneness.

*Four patients were not included in stage analyses; 3 patients upon surgery were found to have nonmalignant or premalignant disease,
1 patient refused surgery and could not be staged
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Patients Abstinent Pre-surgery
A comparable analysis using GEE was conducted for the 53 participants who were abstinent
pre-surgery. The two significant predictors were higher perceived difficulty quitting (P=.
009) and lower perceived risk of the adverse effects of resuming smoking (P=.003). As can
be seen in Table 3, both predictors were significant in the final model.

Patients Smoking Pre-surgery
In this group of 101 patients, smoking relapse was predicted by two smoking-related
variables: a lower desire to quit (P=.031) and lower quitting self-efficacy (P<.001). With
respect to the affective variables, significant predictors were higher depression proneness
(P=.004), prior treatment for depression (P=.042), and greater fears about cancer recurrence
(P<.001). One cognitive variable was a significant predictor: greater intrusive thoughts about
cancer (P=.026). One physical variable, higher pain severity, was a marginally significant
predictor (P=.093). These seven predictors were entered into a backward stepwise regression
procedure. As can be seen in Table 3 (lower section), results indicated that lower quitting
self-efficacy, higher levels of depression proneness, and greater fears of cancer recurrence
remained significant predictors of relapse following backwards stepwise regression.

Discussion
The goals of this study were to examine rates and predictors of smoking relapse among lung
and head/neck cancer patients who underwent surgical treatment. Relapse rates varied
significantly depending on pre-surgery smoking status. At 12 months post-surgery, sixty
percent (60%) of patients who smoked during the week prior to surgery had resumed
smoking, versus only 13% of patients who were abstinent prior to surgery. Notably, these
relapse rates are lower than among smokers in the general population (95%41), likely
reflecting the high level of motivation and interest in smoking cessation expressed by cancer
patients31, 42.

The immediate negative cancer outcomes for patients who continue to smoke underscore the
need to further reduce the still substantial relapse rate found among patients who smoked
prior to surgery. For these patients, lower self-efficacy for quitting, greater depression
proneness, and greater fears about cancer recurrence were significant predictors of smoking
relapse. The relationship between one’s expected success in quitting smoking (i.e., quitting
self-efficacy) and relapse has been demonstrated in both the general smoking population and
cancer patients15, 28. These results support the need for relapse-prevention interventions that
address quitting self-efficacy. One potential challenge in targeting self-efficacy in this
population is the extensive smoking history of cancer patients with tobacco-related
malignancies. Testimonials from cancer patients who have long histories of smoking and
have successfully maintained their abstinence post cancer treatment may prove effective.
Depression proneness as a predictor of relapse was consistent with prior research showing
that depression, and negative affect more generally, are risk factors for smoking initiation,
maintenance, and relapse in the general population e.g., 43. Our finding that greater fear of
cancer recurrence predicted smoking relapse is novel and unique to this population. The
direction of this relationship suggests that rather than the fear of recurrence serving to
motivate patients to maintain abstinence, it has negative consequences on smoking behavior,
possibly due to the additional stress and negative affect associated with this fear. Therefore,
both general and cancer-specific negative affect are important targets for smoking relapse-
prevention interventions targeted at cancer patients.

For patients who were abstinent prior to surgery, only 13% resumed smoking at 12-months
post-surgery. Two different factors predicted smoking relapse for this group of patients:
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higher perceived difficulty quitting and lower perceived links between smoking and cancer.
These findings suggest additional efforts are warranted for patients who have already quit
yet report difficulties with quitting. Such efforts may include provision of additional quitting
resources and continued cessation support from oncology healthcare providers32, 44. Results
also further support the need to assess and target cancer-related risk perceptions in future
interventions.

This study informs the optimal timing for intervening. Given the significantly lower rates of
relapse observed among those who quit prior to surgery, early cessation should be
encouraged (i.e., at diagnosis). The notable stability in smoking status following the first 2
months, which is consistent with a prior study of lung cancer patients conducted by Walker
et al.29, also suggests that intensifying intervention efforts in the acute period following
surgery may promote long-term abstinence. Of note, our study extends this finding to head/
neck patients as well.

The present study has several limitations. First, the generalizability of our study findings is
limited to patients diagnosed with lung and head/neck cancer. Future research is needed to
extend this work to a more a heterogeneous group of cancer patients. Other limitations
related to generalizability include the predominately Caucasian sample and the focus on
patients receiving surgical treatment for their cancer. More research is needed with more
diverse patient samples with regards to ethnicity and cancer treatments. Another limitation
was our fairly low rate of biochemical verification; however, we believe that our relapse
rates are accurate as the lack of biochemical verification was due to logistics rather than
refusal and only one patient was found to have misreported abstinence. Future research
should consider using alternative methods of biochemical verification that do not require an
in person visit, such as mailed cotinine samples. Finally, the difference in the timing of the
baseline assessment between the head/neck (pre-surgery) and lung (post-surgery) patients
may have influenced responses on some measures, such as pain and fatigue. Future research
should examine post-surgical changes in these variables over time.

Given evidence that cancer patients are highly motivated and can be readily engaged in
quitting smoking18, 19, 42, efforts aimed at helping cancer patients maintain tobacco
abstinence could have dramatic public health implications. Receiving a cancer diagnosis
represents a “teachable moment” for delivering smoking cessation and relapse prevention
interventions45, 46. The current study further supports the important role of smoking status
prior to surgery and identifies several potential modifiable variables to address in future
relapse-prevention interventions targeted to cancer patients.
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FIGURE 1.
Participant Enrollment Flow Diagram
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FIGURE 2.
Relapse Rates over time by Patients’ Pre-Surgery Smoking Status
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TABLE 1

Demographic and smoking characteristics

Demographic Variables
All

(N=154)
Head/Neck

(N=82)
Thoracic
(N=72)

 Sex: Male *** 57.1% 69.5% 43.1%

 Age - M (SD) *** 58.3 (11.0) 55.1 (9.3) 62.0 (11.6)

 Race:

  White/Caucasian 96.1% 96.3% 95.8%

  Black/African American 2.0% 2.4% 1.4%

  Other 2.0% 0% 2.8%

 Hispanic 1.3% 2.4% 0%

 Marital Status:

  Single 14.3% 15.9% 12.5%

  Married 54.5% 50.0% 59.7%

  Divorced 21.4% 25.6% 16.7%

  Widowed 9.7% 8.5% 11.1%

 Education: Less than 12th grade 19.5% 23.2% 15.3%

 Household Income: Median category $30K-$40K $30K-$40K $30K-$40K

 Household Income: Modal category < $20K < $20K < $20K

Smoking/Alcohol Variables All Head/Neck Thoracic

 Years smoking - M (SD) *** 39.0 (12.4) 35.0 (11.2) 43.5 (12.4)

 CPD average - M (SD) 24.1 (11.8) 24.3 (13.1) 23.8 (10.3)

 CPD maximum - M (SD) 34.7 (15.3) 36.2 (15.4) 32.9 (15.1)

 Fagerstrom Dependence - M (SD) 5.8 (2.3) 5.7 (2.4) 5.9 (2.1)

 Smoked the week before surgery*** 65.6% 79.3% 50.0%

 Spouse smokes (married, N=84) 33.3% 39.0% 27.9%

 Received Prior Tobacco Treatment 59.7% 56.1% 63.9%

 Another smoker in household 42.2% 48.8% 34.7%

 Alcohol Use: < 2 drinks/week 54.9% 51.9% 58.3%

 Alcohol abuse 27.0% 29.6% 23.9%

Note: For comparisons of Thoracic versus Head/Neck patients,

***
denotes P ≤.001.

**
denotes P ≤.01.

*
denotes P ≤.05.
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TABLE 2

Descriptive statistics for predictors.

Smoking-Related
All

(N=154)
Abstinent

(N=53)
Smoking
(N=101)

 Nicotine dependence - M (SD) 5.8 (2.3) 6.1 (2.2) 5.6 (2.3)

 TAS-1: Desire -M (SD)*** 8.0 (1.7) 8.7 (0.9) 7.6 (1.8)

 TAS-2: Quitting Self-efficacy - M (SD) *** 7.6 (2.2) 8.8 (0.8) 7.0 (2.4)

 TAS-3: Perceived Difficulty - M (SD) *** 7.0 (2.9) 5.8 (3.4) 7.7 (2.3)

Affective All Abstinent Smoking

 Depression proneness - M (SD) 3.3 (2.0) 3.3 (2.1) 3.2 (2.0)

 CES-D -M (SD) 18.5 (11.1) 18.8 (10.4) 18.3 (11.5)

 Depression treatment 30.5% 32.1% 29.7%

 Fear of recurrence - M (SD) 10.2 (4.0) 9.9 (4.1) 10.3 (3.9)

Physical All Abstinent Smoking

 Fatigue - M (SD) 40.8 (25.1) 42.6 (24.0) 39.9 (25.7)

 Pain-severity - M (SD) 15.4 (9.8) 14.5 (8.7) 16.0 (10.4)

 Pain-interference - M (SD) 29.1 (20.4) 30.3 (20.9) 28.4 (20.1)

Cognitive All Abstinent Smoking

 Control over Cancer Cause - M (SD)* 13.5 (4.1) 14.7 (3.7) 12.9 (4.1)

 Control over Cancer Course - M (SD) 24.1 (4.2) 24.9 (3.6) 23.7 (4.5)

 Impact of event-Avoidance - M (SD) 9.8 (5.9) 10.3 (6.5) 9.5 (5.5)

 Impact of event-Intrusive - M (SD) 8.7 (5.5) 9.3 (5.5) 8.4 (5.5)

 Perceived risk - M (SD)* 22.0 (4.8) 23.3 (5.3) 21.4 (4.4)

Notes: For comparisons of Patients Abstinent versus Smoking pre-surgery,

***
denotes P ≤.001.

**
denotes P ≤.01.

*
denotes P ≤.05.
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TABLE 3

Final GEE Models Predicting Smoking Post-surgery following Backward Stepwise Regression

All Patients (N=154)

Variable P Odds Ratio (95% CI)

Month (2, 4, 6, & 12) .047 1.04 (1.00, 1.07)

Smoking Pre-surgery <.0001 8.44 (3.38, 21.1)

Quitting Self-Efficacy <.001 0.75 (0.64, 0.87)

Depression Proneness .001 1.31 (1.12, 1.54)

Patients Abstinent Pre-surgery (N=53)

Variable P Odds Ratio (95% CI)

Month (2, 4, 6, & 12) .654 1.02 (0.94, 1.11)

Perceived Difficulty Quitting .012 1.23 (1.05, 1.44)

Perceived Risk .002 0.86 (0.78, 0.94)

Patients Smoking Pre-surgery (N=101)

Variable P Odds Ratio (95% CI)

Month (2, 4, 6, 12) .055 1.04 (1.00, 1.08)

Quitting Self-Efficacy .029 0.83 (0.69, 0.98)

Depression Proneness .037 1.25 (1.01, 1.53)

Fears About Cancer Recurrence .028 1.15 (1.02, 1.30)
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