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Abstract
Smoking is a risk factor for cancer of the upper aerodigestive tract with recidivism rates high even
after diagnosis. Nicotine, a major product in tobacco, is a complex drug with multiple characteristics
including analalgesic properties. The goal of the study was to examine pain levels in the context of
smoking status among patients recently diagnosed with cancer of the upper aerodigestive tract who
have not yet received any treatment including radiation, surgery, or chemotherapy. A convenience
sample of 112 newly diagnosed head and neck cancer patients (78 men and 34 women) were recruited
from clinics at the University of Florida. Smoking rates were: 32% never smoked, 34% former
smokers, 34% current smokers. Among current smokers, 62% reported plans to quit in the next 3
months and 38% had tried to quit more than three times in the past 5 years. Current smokers reported
higher general (sensory and affective) and oral pain levels (spontaneous and functional) and pain-
related interference than did never and former smokers (all F’s >8. and p’s <.0001) even after
controlling for stage of diagnosis. In addition, current smokers reported significantly greater
interference from the pain (F2,73=10.5 p<.0001).

Perspective—This study highlights the importance of understanding self-reported pain in cancer
patients who continue to smoke. When pain is elevated, smokers may be motivated to use tobacco
as a means of reducing pain, which in turn reinforces smoking behavior. Tobacco cessation programs
should include pain management as a component of treatment.
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Introduction
Evidence points to smoking tobacco as a risk factor for many cancers including those of the
upper aerodigestive tract (oral cavity, larynx, or pharynx). In spite of this association, less than
20% of patients who smoked prior to their diagnosis quit after diagnosis; relapse rates are high.
17,46,51 Moreover, strong evidence exists that ongoing tobacco use can have a negative effect
on the outcomes of primary treatment3,14 and increase the risk of secondary primary tumors
of the upper aerodigestive tract.17

Nicotine, a major alkaloid found in tobacco and tobacco smoke, is a complex drug with multiple
pharmacologic effects ranging from addiction to initial oral irritation followed by rapid
desensitization.5,34 In addition, nicotine has analgesic properties which may be important in
the maintenance of smoking even when factors such as a cancer diagnosis suggest quitting
would be advisable.10 It is plausible that in the presence of pain from any source, smoking may
be playing a pain modulating role.

One of the earliest reports of the analgesic effects of nicotine in mammals was in 1932.12
While there is evidence that, under certain conditions, nicotine can produce an algogenic effect
(e.g.,34,35,39), the preponderance of evidence is for an analgesic effect with the majority of
the nicotinic receptor agonists being antinociceptive in humans.20 Establishing evidence of
pain modulation from smoking tobacco has been somewhat more inferential. Ditre and
Brandon showed that pain increased motivation to smoke, which provides additional indirect
evidence of a pain-reducing effect from their smoking.15 Still, the bioavailability of nicotine
as an analgesic may be short lived and it is doubtful that smoking would render a person “pain
free.”20 A study of 4,075 subjects aged 18–64 years old adds more evidence that heavy smoking
among a select group of individuals might alleviate pain and that 20 or more cigarettes per day
may be the critical dose in producing pain modulation.33

Given previously published work,40 we speculated that pain represents one potentially
important barrier to successful quit attempts.28 The goal of the study was to examine pain levels
in the context of smoking status among patients recently diagnosed with cancer of the upper
aerodigestive tract who had not yet received any treatment including radiation, surgery, or
chemotherapy. Further, we speculated that smoking would be associated with pain level, but
directionality did not rise to the level of hypothesis.1,20,23

Methods
This study was conducted according to the principles of the 1975 Declaration of Helsinki and
Good Clinical Practice guidelines and was approved by the University of Florida Institutional
Review Board.

Trained interviewers administered a pre-tested survey instrument to a convenience sample of
patients newly diagnosed with head and neck cancer at the University of Florida Cancer Center/
Shands Hospital.50 Subjects were approached in the examination room prior to their
appointment. Information about the study was provided and if the participant agreed, informed
consent was obtained. The interviews were administered prior to initiation of cancer treatment.
Interviews were collected over a 20-month period.

Measures were drawn from published methodology and instruments and are described below.
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Demographics
Patients were asked to report their age, race, ethnicity, and highest grade or year of school
completed. Educational attainment was recoded into four categories: less than high school,
high school graduation or equivalent, some college, and college graduation or greater.

Cancer Staging and Tumor Site
Based on medical chart abstraction of Tumor, Node, Metastasis (TNM) summary staging,
patients were classified as Stage I, Stage II, Stage III, or Stage IV. Unstaged or unknown
primary tumor patients were placed in a separate category. Primary tumor site was drawn from
the clinical diagnosis recorded in the medical chart. These records are based on pathology
reports that conform to established standards of cancer staging.24,25,29,55

Tobacco and Alcohol Use
Items from previously conducted research were used to collect data relevant to tobacco and
alcohol use.53 Participants were asked to self report whether they were current, former, or
never smokers6 and whether they were current, past, or never alcohol drinkers.2 Patients were
also asked whether they had smoked at least 100 cigarettes in their lifetime and, if so, the
frequency of current smoking (every day, some days, or not all). Participants who reported
they had never smoked 100 cigarettes in their lifetime and self-identified as never smokers
were classified as “never” smokers. Those who smoked at least 100 cigarettes in their lifetime
but reported no smoking within the past month were classified as “former” smokers, and those
who reported smoking at least 100 cigarettes in their lifetime and were now smoking every
day or on some days were classified as “current” smokers.

Positive Affect and Negative Affect Schedule
The Positive and Negative Affect Schedule (PANAS) consists of 10 positive affect words and
10 negative affect words.52 Subjects rated items on a scale from 1 to 5, based on the strength
of emotion. Initial studies in development of the PANAS showed that the scales are stable at
appropriate levels over a 2-month time period, highly internally consistent, and largely
uncorrelated.

Pain Scales
Pain scales were selected to capture multiple dimensions including oral pain, general pain, and
pain interference relevant to the study population.

The University of California San Francisco (UCSF) Oral Cancer Pain Questionnaire is scored
to establish two subscales: spontaneous and function-related oral pain.9,36 This 8-item scale
showed excellent discrimination between cancer survivors and healthy matched controls on
oral pain levels and includes items that tap hyperalgesia, allodynia, spontaneous, and evoked
pain.40

The Short-Form McGill Pain Questionnaire has 15 pain descriptors (11 sensory, 4 affective)
and subjects rate each item on a four-point intensity scale (0 = none to 3 = severe) regarding
general pain during the preceding week.43 The scales appear to be useful in evaluating pain
and discomfort across a wide adult age range.22

The Brief Pain Inventory (BPI)7,8 provides rapid assessment of the severity and impact of pain
on daily functions. For purposes of this investigation, the items assessing the extent to which
pain interfered with general activity, mood, walking, normal work, relations with other people,
sleep, and enjoyment of life in the past 24 hours were summed and used as a pain interference
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scale. The BPI has been successfully used as an outcome measure with advanced cancer
patients.49

Data Reduction and Analysis
Descriptive statistics were used to characterize the sample. Chi-square analyses were
conducted to compare characteristics of patients by smoking status on quit attempts, quit
methods, and presence in the residence of other adults using tobacco. Analysis of variance was
used to examine pain and mood levels among categories of tobacco users; follow-up tests were
conducted to evaluate pairwise differences among means. To control for the number of tests
that were conducted, alpha level for pairwise tests was .001. Chi square analyses were also
conducted as confirmatory tests for the presence (or absence) of pain among current, past, and
never smokers.

Results
Table 1 shows demographic characteristics of the study participants. One hundred twelve (78
men and 34 women) newly diagnosed head and neck cancer patients were recruited from clinics
at the University of Florida. The majority of the participants were white (93%), had at least a
high school diploma or equivalent (93%), were not employed (61%), and were married or had
a life partner (65%). The average age of the participants was 60 years old (SD=13.4) and sixty
percent of the sample self-identified as currently using alcohol (not shown).

Table 2 shows health and behavior characteristics of the study participants by smoking status.
The reported tobacco use was: never smoked n=35 (32%); former smokers n=38 (34%); and
current smokers n=37 (34%). Two people declined to identify smoking status. The average
age at which the participants started smoking was 16.4 years of age with the current smokers
having begun at 15 years and the former smokers at 18.

Forty-four percent of those who developed carcinoma of the oral cavity were never smokers
compared to 19% former and 37% current smokers. Of those who developed tumors of the
oropharynx, 17% were non smokers compared to 47% former smokers and 36% current
smokers. All of the participants who developed tumors of the hypopharynx reported being
current or former smokers. There was no statistically significant association between smoking
status and tumor site, X2 16=22.9 p=.12.

Forty-three percent of the participants diagnosed as Stage I were never smokers compared to
30% of those diagnosed as Stage IV. Thirty-one percent of the never smoked group were Stage
IV compared to 42% of the current smokers. There was no statistically significant association
between smoking status and tumor summary stage, X2 10=10.8 p=.37.

There was a statistically significant association between smoking status and alcohol use,
X2 4 =18.3 p=.001. Of the current alcohol users, the pattern of current users of alcohol was
similar across smoking categories: 36% were current, 33% former, and 31% never; however,
never smokers were more likely to be never users of alcohol (77%).

Most current smokers reported daily smoking and over half indicated that they planned to quit
in the next 3 months. The median number of prior quit attempts by current smokers during the
past 5 years was one to two, though a substantial proportion had made more quit attempts.
Twenty-five percent of those who never tried to quit before indicated they plan to quit in the
next 3 months. Sixteen of current smokers do not plan to quit. The most common quit method
was “cold turkey,” and 10% used nicotine replacement therapy.
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Results of Analysis of Variance (ANOVA) in Table 3 showed that current smokers had
significantly higher pain levels on the UCSF oral cancer-specific subscales (spontaneous,
F2,108 =14.14 p<.0001 and functional, F2,108 =11.54 p<.0001) than never or former smokers.
ANOVA also showed that current smokers had higher pain scores on the sensory and affective
pain subscales of the short form McGill Pain Index (F2,78=16.84 p<.0001; F2,78=8.95 p<.0001,
respectively). In addition, current smokers reported significantly greater interference from the
pain (F2,73 =10.5 p<.0001). Follow-up post hoc pairwise tests (Bonferonni) confirmed that
current smokers’ scores were significantly higher than never or former smokers’ scores on all
pain indices (p<.0001).

The ANOVA testing smoking status (Table 3) and negative affect (PANAS) was statistically
significant (F108 =3.27 p<.05) but the post hoc pairwise comparison did not rise to the
significance level (p=.001). Because negative affect could be associated with increased pain,
we repeated these analyses comparing pain across smoking groups while controlling for
negative affect. This analysis continued to show significantly higher pain among current
smokers compared to the other two groups with all effect sizes .2 or greater. It is of note that
the pain scales showed good reliability with Cronbach α’s for this sample as high or higher
than those reported in the literature (McGill Sensory Pain Rating Cronbach α=.90; McGill
Affective Pain Rating. Cronbach α=.85; Positive Affect PANAS Cronbach α= .88; Negative
Affect PANAS. Cronbach α=.88; UCSF Spontaneous Pain Scale. Cronbach α=.93; UCSF
Functional Pain Scale. Cronbach α=.92; Pain Interference Brief Pain Inventory Cronbach α=.
93).

To test whether effects we were observing associating pain and smoking were related to stage
of diagnosis, we re-analyzed our data using ANCOVA comparing pain levels by smoking status
with early (I and II) versus late stage25 (III and IV) of diagnosis serving as the covariate. Missing
data reduced power as shown by the change in degrees of freedom below. The covariate was
not significant in the analyses but pain levels remained significantly different based on smoking
status with current smokers reporting significantly greater pain than the other two groups. The
exception was that the level of affective pain subscale of the McGill no longer reached the
level of significance: spontaneous pain adjusted for early vs. late stage of tumor, F2,62 =8.08
p<.001; functional pain adjusted for early vs. late stage of tumor, F2,62 =7.38 p<.001. Current
smokers reported significantly greater interference from the pain after adjusting for early vs.
late stage of diagnosis (F2,39 =8.69 p<.001). ANCOVA also showed a trend toward current
smokers having higher pain scores on the sensory and affective pain subscales of the short form
McGill Pain Index after adjusting for early vs. late stage of tumor at diagnosis, but only sensory
pain was statistically significant (F2,39=4.29 p<.05; F2,39=2.11 p≥.1, respectively).

We attempted to identify the source of the pain using the Brief Pain Inventory. The first question
asks “if patients have had pain other than minor everyday pain today.” For those who say yes,
they are asked to shade the painful areas on a figure of a human being and then place an X on
the area that hurts most. Of the 70 who stated they have had such pain today, 69 shaded in a
location as the source of their pain. Of those 69, 59 patients listed the facial and neck regions
as one of the sources of their pain (86%). It should be noted that of the 59 identifying a site,
21 shaded the facial and neck region plus other parts of their body as sites of pain (36%), leaving
64% identifying the facial and neck region as the sole source of pain.

Discussion
Key findings from this study are these: Current smokers have higher pain levels (all scales)
and pain-related interference than never or former smokers. This association was observed
even after statistically adjusting for whether participants were diagnosed in early (I and II) vs.
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late (III and IV) stage with the exception of affective pain. The majority of the current smokers
have tried to quit in the past 5 years.

Nicotine and Pain
Our findings that current smokers report higher pain levels are similar to those reported by
Weingarten and colleagues.54 Chronic pain patients who smoked had greater pain intensity
and pain interference than non-smokers. Cooley and colleagues provide additional evidence
that cancer patients who continue to smoke after diagnosis may be self medicating through
smoking.10 They found that among patients diagnosed with lung cancer, the majority made an
attempt to quit smoking, and those who were unsuccessful in the months that followed surgery
had post operative pain rated as more severe than those who quit. It follows that smoking
produces an analgesic effect, which enhances its reinforcing qualities and increases the
difficulty of quitting.

A recent study by Ditre and Brandon shows a direct influence of laboratory-induced pain on
motivation to smoke and a shorter latency to smoke.15 This direct causal relationship was only
partially mediated by negative affect. Thus, we conjecture, based on Ditre and Brandon’s work,
that the pain experienced by our patients probably increases urges to continue smoking.
However, the effect of smoking on pain thresholds and perception in humans is complex.31,
48 Interestingly, Jamner et al.32 found that a nicotine patch increased pain thresholds in men
but not in women. Girdler et al.23 reported that female smokers have decreased pain sensitivity
to ischemic pain, whereas male smokers have decreased pain sensitivity to cold pressor pain.
Smoking status did not appear to influence pain perception for either gender in response to
thermal heat pain. Damaj found evidence of greater analgesic efficacy when nicotine was
administered to male (versus female) mice.11 From these extant reports, it appears both genetic
and non-genetics may influence the analgesic properties of nicotine.

Arguing that some patients smoke to self-medicate for pain (current smokers) raises the
question of why these individuals experience more pain than do others. We can only speculate
regarding the reasons. Pain is a complex syndrome and deriving the exact cause of pain among
cancer patients is problematic. In our study, nearly 2/3 (61%) indicated they had pain other
than minor everyday pain on that day. The fact that of those identifying a pain site, the head
and neck region was the most common but not the only site identified is not surprising, given
the site of the cancer and age of the patients. Another possibility is that enhanced pain sensitivity
may be a factor in our findings. One could speculate that inter-individual differences in pain
sensitivity, based on both genetic and non-genetic factors, may contribute not only to more
severe clinical pain, but also to reduced success of smoking cessation, given that the analgesic
effects of nicotine would be more reinforcing in these individuals.18,19,21

Some have conjectured that smoking is linked to the production as well as the amelioration of
pain. That is, the nicotinic agonist effects and the effect of smoking as such may be opposite
to each other. Although this represents an intriguing perspective, the effects would be difficult
to observe as they would cancel each other out and we would see no difference in pain levels
between current smokers and nonsmokers. This explanation seems unlikely as we see
significantly greater pain levels in the current smokers than nonsmokers. In addition, the
research on nicotine as an oral irritant shows that while nicotine contacting mucous membranes
produces irritation initially, repeated exposure decreases the irritation which persists for at least
24 hours.5 In addition in human studies, the oral irritant properties of nicotine were
significantly reduced in the presence of menthol, suggesting that additives in cigarettes may
further reduce the “oral irritation” phenomena.13 Thus we conclude that it is more probable
that the well characterized analgesic properties of nicotine are influencing the maintenance of
smoking behavior through pain modulation but the short-term effects are not sufficient to
totally eliminate the pain. It should be noted, however, that data from John and colleagues
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(2009) show that the level of nicotine dependence influences the analgesic effect, with heavy
smokers with lower levels of nicotine dependence achieving greater analgesic effects than
nicotine-dependent smokers. This point is interesting and the measurement of “dependence”
in our population warrants further study. The first documentation that smoking damages taste
dates back to 1961.37 More recent studies show that taste inhibits oral pain47 and may inhibit
pain at other body sites as well.4,38,44,46,56 Thus, damage to taste might be expected to
intensify pain via disinhibition and is a plausible explanation for the observed increase in pain
among current smokers. In light of our findings and those of others,10,15,33 we believe that
there is a strong indication that patients are using smoking as a means to manage pain.

Implications for Smoking Cessation Trials
There is a growing understanding that smoking cessation programs need to be included in
cancer treatment programs and should to be tailored to the individual.45 In spite of the need,
few such programs exist and, regardless of the best efforts, the results of such programs are
mixed.26,27,41 We believe results of this study provide guidance in designing and testing
cessation trials. In particular, if pain increases urges to smoke and if smoking confers analgesic
benefits, then the success of smoking cessation efforts could be enhanced through the inclusion
of pain management. Given the trend toward higher levels of negative affect among smokers,
treatments that provide both pain reduction and mood enhancement may be particularly
beneficial. For example, cognitive-behavioral pain management approaches have been
effective for improving both pain and psychological status and may therefore be useful adjuncts
to smoking cessation.16,30 Current smokers in this study had made multiple, unsuccessful
efforts to quit during the past 5 years, which highlights, as supported by Cooley and colleagues,
10 the importance of enhancing approaches to smoking cessation in this population. Based on
our findings, incorporating pain management approaches may improve smoking cessation
outcomes, though this hypothesis awaits empirical support.

Limitations
These results should be considered in the context of study limitations. First, the data used were
drawn from a convenience sample. We fully acknowledge that clinic-based recruitment
influenced the sample selected. While over 90% of the patients we approached for interviews
agreed to be interviewed, scheduling factors may have influenced patient enrollment. It is of
note that the percentages of early versus late stage of diagnosis of our sample compared to
overall clinic data showed that our sample had slightly more early stages (Stage I and Stage
II, 45%) than those included in overall hospital data (33%).50 Readers should also be aware
that we did not biochemically verify patients’ self-reported smoking status. Nevertheless, prior
research suggests that current smokers status is accurate and few misrepresentations occur
between never smokers and former smokers.42 In addition, we asked when the smoker quit,
and if it was less than a month previous we categorized the person as a current smoker rather
a former smoker. Therefore, even though biochemical verification was not used to verify
smoking status, we feel confident in the accuracy of our results.

Conclusion
Levels of pain and pain interference were higher among current smokers, even after controlling
for stage of diagnosis. Because nicotine is known to have analgesic properties, cancer patients
may be less willing to quit smoking without reassurance that their pain needs will be addressed.
Based on our data and others, smoking cessation programs integrated into oncologic clinical
settings should address pain management as a routine part of the program.3,28 These data
provide new information on pain and tobacco use to guide the development and implementation
of smoking cessation clinical trials into the oncologic context.
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Table 1

Selected Characteristics Of Study Participants*

Newly Diagnosed
Head and Neck Cancer

(N=112)

n or mean % or sd

SEX

  Male 78 70%

  Female 34 30%

RACE

  Whitea 103 93%

  Black 3 3%

  Other racial groupsb 4 4%

EDUCATION

  Less than high school diploma 6 7%

  High school diploma or GEDc 26 31%

  Some college 21 25%

  Bachelor’s degree or higher 30 37%

EMPLOYMENT STATUS

  Employed 43 39%

  Not employed 68 61%

MARITAL STATUS

  Single 16 14%

  Married/life partner 72 65%

  Divorced/separated 12 11%

  Widowed 11 9%

*
Categories may not sum to 112 due to missing data

a
White was composed of 2 Hispanic and 101 Non Hispanic Whites

b
Other category was composed of 4 Asians, Pacific Islanders

c
GED = general educational development diploma
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Table 2

Health and Behavior Characteristics by Smoking Status+

Smoking Status*

Current Former Never

n=37 n=38 n=35

PRIMARY TUMOR SITE

Oral Cavity 37% 19% 44%

Oropharynx 36% 47% 17%

Hypopharynx 80% 20% 0%

Nasopharynx 38% 12% 50%

Larynx 22% 67% 11%

Other (Nasal Cavity, Salivary Glands,
Thyroid)

29% 57% 14%

Primary site not identified or not available 28% 29% 43%

Misc. HNC (Skin, Nerve, Carotid) 9% 36% 55%

TUMOR STAGE

Stage I n=14 9% 36% 43%

Stage II n=27 30% 39% 23%

Stage III n=19 27% 32% 21%

Stage IV n=26 33% 27% 30%

Unstaged or recurrent or unknown
primary n=26

20% 80% 0%

ALCOHOL USE STATUS

Current n=64 36% 33% 31%

Former n=32 41% 47% 13%

Never n=13 8% 15% 77%

AGE STARTED SMOKING
REGULARLY (years)

15 (4.2) 18 (3.8) --

CURRENT AGE 54 (13.5) 64 (11.2) 61 (13.0)

*
Two people declined to identify their smoking status

+
Categories may not sum to total due to missing data or rounding error
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