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Abstract

Introduction: To determine if smoking after a cancer diagnosis makes a difference in mortality
among newly diagnosed head and neck cancer patients.

Methods: Longitudinal data were collected from newly diagnosed head and neck cancer patients
with a median follow-up time of 1627 days (N = 590). Mortality was censored at 8 years or
September 1, 2011, whichever came first. Based on smoking status, all patients were categorized
into four groups: continuing smokers, quitters, former smokers, or never-smokers. A broad range
of covariates were included in the analyses. Kaplan—-Meier curves, bivariate and multivariate Cox
proportional hazards models were constructed.

Results: Eight-year overall mortality and cancer-specific mortality were 40.5% (239/590) and 25.4%
(150/590), respectively. Smoking status after a cancer diagnosis predicted overall mortality and
cancer-specific mortality. Compared to never-smokers, continuing smokers had the highest haz-
ard ratio (HR) of dying from all causes (HR = 2.71, 95% confidence interval [Cl] = 1.48-4.98). Those
who smoked at diagnosis, but quit and did not relapse—quitters—had an improved hazard ratio
of dying (HR = 2.38, 95% CI = 1.29-4.36) and former smokers at diagnosis with no relapse after
diagnosis—former smokers—had the lowest hazard ratio of dying from all causes (HR = 1.68, 95%
Cl = 1.12-2.56). Similarly, quitters had a slightly higher hazard ratio of dying from cancer-specific
reasons (HR = 2.38, 95% CI = 1.13-5.01) than never-smokers, which was similar to current smokers
(HR = 2.07, 95% Cl = 0.96-4.47), followed by former smokers (HR = 1.70, 95% Cl = 1.00-2.89).
Conclusions: Compared to never-smokers, continuing smokers have the highest HR of overall
mortality followed by quitters and former smokers, which indicates that smoking cessation, even
after a cancer diagnosis, may improve overall mortality among newly diagnosed head and neck
cancer patients. Health care providers should consider incorporating smoking cessation interven-
tions into standard cancer treatment to improve survival among this population.

Implications: Using prospective observational longitudinal data from 590 head and neck cancer
patients, this study showed that continuing smokers have the highest overall mortality relative to
never-smokers, which indicates that smoking cessation, even after a cancer diagnosis, may have bene-
ficial effects on long-term overall mortality. Health care providers should consider incorporating smok-
ing cessation interventions into standard cancer treatment to improve survival among this population.

© The Author 2016. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. 2216
For permissions, please e-mail: journals.permissions@oup.com.


http://www.oxfordjournals.org/
mailto:duffy.278@osu.edu?subject=

Nicotine & Tobacco Research, 2016, Vol. 18, No. 12

2217

Introduction

Smoking is the leading cause of morbidity and mortality in the United
States and is responsible for 30% of all cancer deaths among can-
cer patients.! While cancer diagnosis and treatment can provide a
“teachable moment” for smoking cessation,? more than half of can-
cer patients who smoked prior to diagnosis fail to stop smoking or
relapse after their diagnosis.>* Continued smoking following diagno-
sis is associated with decreased response to radiotherapy and chemo-
therapy, impaired wound healing, increased infections and circulatory
problems, and late complications (eg, severe fibrosis, dysphagia).’!!
Conversely, smoking cessation after diagnosis shows several medical
benefits, such as decreased fatigue and shortness of breath, increased
activity level and quality of life, and improved treatment toxicity.'>!?

The 2014 Surgeon General’s report “The Health Consequences
of Smoking-50 Years of Progress” (SGR) acknowledged causal rela-
tionships between smoking and adverse health outcomes among
cancer patients, such as increases in overall mortality, cancer-specific
mortality, and second primary cancers.'* Many studies have exam-
ined the relationship between smoking and mortality among cancer
patients. A history of ever smoking compared with never smoking
was associated with an increase in overall mortality’* and can-
cer-specific mortality.'>!¢?* However, other studies fail to show a
significant difference in mortality based on smoking status after con-
trolling for covariates.”*

In the head and neck cancer literature, smoking significantly
increases overall mortality and cancer-specific mortality,!%-21:232-34
and pack-years of smoking has a dose-response positive relation-
ship with mortality,?3%¥ yet some studies reported nonsignificant

differences in overall mortality*¢-*

and cancer-specific mortality?”+
between smokers and nonsmokers. However, previous studies are
limited by a one-time smoking assessment at or after diagnosis
(mostly at diagnosis), their retrospective nature, inability to control
for covariates, and short follow-up periods. Thus, examining smok-
ing cessation in relation to mortality among head and neck cancer
patients is crucial for making the case one way or the other for pro-
viding intensive smoking cessation interventions for head and neck
cancer patients. Therefore, we used data from a large-scale longitudi-
nal study to examine the predictive effects of smoking cessation after
a cancer diagnosis on overall mortality and cancer-specific mortality
among newly diagnosed head and neck cancer patients.

Methods
Study Design

This was a prospective observational cohort study of patients
enrolled in the University of Michigan Head and Neck Cancer
Specialized Program of Research Excellence (SPORE). The two main
dependent variables were overall mortality and cancer-specific mor-
tality censored at 8 years after a cancer diagnosis. The independent
variable was smoking status, assessed every 3 months over the first
2 years following diagnosis. Covariates included demographic (age,
sex, ethnicity/race, marital status, education level, and household
income), health behavioral (number of cigarettes smoked at diag-
nosis, problem drinking, and body mass index [BMI]), and disease-
related factors (cancer site, stage, comorbidities, depression, and
treatment [surgery and radiation/chemotherapy]). Human subjects
approval was received from the Medical School Institutional Review
Board (IRBMED) at the University of Michigan, the VA Ann Arbor
Healthcare System, and Henry Ford Hospital. Recruitment was con-
ducted from January 2003 to November 2008.

Study Population

Newly diagnosed patients with squamous cell carcinoma of the head
and neck were recruited. To help ensure a diverse patient sample,
patients were recruited from three hospitals (Ann Arbor Health
System, Ann Arbor VA Healthcare System, and Henry Ford Hospital).
Exclusion criteria were those: (1) less than 18 years of age, (2) preg-
nant, (3) non-English speaking, (4) mentally unstable, (5) non-upper
aerodigestive tract cancers (such as thyroid or skin cancer), or (6)
historical diagnosis and treatment for head and neck cancer.

Out of 1185 patients approached, 934 consented to participate,
yielding a response rate of 78.8%. Of those consented, 808 (86.5%)
met the eligibility requirements. Analyses included only subjects with
no missing survey data, leaving a sample size of 590. Mortality was
censored at 8 years or on September 1, 2011, whichever came first.

Procedure

Research assistants recruited and obtained informed consent from
patients in the waiting rooms of otolaryngology clinics. Patients
completed written surveys regarding demographics and health
behaviors. Structured assessments after diagnosis collected data on
smoking status, problem drinking, and depressive symptoms every
3 months for 2 years, and yearly thereafter. A medical record review
including reasons of death and treatment history was completed for
each participant annually.

Measures

Independent Variables

Smoking status was determined at diagnosis and every 3 months
up to 2 years after diagnosis by self-report based on a 30-day pro-
longed abstinence measure: if they responded “yes” to either “I cur-
rently smoke cigarettes” or “I have smoked in the past, but quit within
the last 1 month” then they were considered current smokers; if they
responded “yes” to either “I have smoked in the past, but quit within
the last 6 months” or “I have smoked in the past, but quit within the
last year” or “I have smoked in the past, but quit over a year ago” then
they were considered quitters; if they responded “yes” to “I have never
smoked” then they were considered never-smokers. Based on smoking
status during the first 2 years after diagnosis, participants were divided
into four groups: (1) continuing smokers, defined as those who smoked
at any time after a cancer diagnosis; (2) quitters, defined as those who
quit within the first 3 months of diagnosis and remained quit through-
out the first 2 years following diagnosis; (3) former smokers, defined
as those who quit longer than 1 month before a cancer diagnosis and
remained quit throughout the first 2 years following diagnosis; and (4)
never-smokers, defined as those who have never smoked.

Covariates
Covariates were determined based on the current literature and clinical
judgement, which were then controlled by constructing multivariate
Cox proportional hazard models. Covariates included demographic,
health behavior, and disease-related factors. Demographics were col-
lected from patient surveys, which included age, sex, race/ethnicity,
marital status, education level, and household income. Race/ethnicity
was measured using two separate questions about Hispanic/Latino
origin and race. Median household income for the census tract of
each subject was found using American FactFinder data for the 2000
US Census, found on the www.census.gov Web site.

Number of cigarettes smoked was assessed at diagnosis for smok-
ers and was imputed as “0” for both former smokers and never-
smokers. The previously validated 10-item instrument, Alcohol Use
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Disorders Identification Test (AUDIT), was used to measure alcohol
misuse; the score ranges from 0 to 40 with a score of 8 or more
indicating problem drinking.*' BMI (weight in kilograms divided by
the square of height in meters) was calculated on the basis of self-
reported height (without shoes) and weight.

Cancer site was classified into five groups: (1) oral cavity, (2)
oropharynx, (3) hypo/nasopharynx, (4) larynx, and (5) other. Tumor
stage (0-IV) was measured using the American Joint Committee on
Cancer (AJCC) staging classification system.** Comorbidities were
assessed by the Adult Comorbidity Evaluation-27 (ACE-27) and
classified as none, mild, moderate, or severe. Depressive symptoms
were measured using the 5-item Geriatric Depression Scale (Short
Form) (GDS-SF); a score of 4 or higher indicated probable depres-
sion. Type of curative treatment received (surgery, radiation, and/or
chemotherapy) was recorded by yearly chart audit or patient self-
report when treated at an outside facility.

Outcome Variables

The main outcomes were overall mortality and cancer-specific mor-
tality. Mortality was defined as the number of days from the date
of diagnosis until the date of death from either all causes (overall
mortality) or any cancer-related causes (cancer-specific mortality).
Patients were contacted every year to keep track of survival status
(dead/alive). If patients were lost to follow-up, the Social Security
Administration Death Master File was used to determine if and
when they had died. Patients lost to follow-up and not found on
the Death Master File were assumed alive as of September 1,2011.

Statistical Analyses

Means and frequency distributions were examined for all variables.
Associations between independent variables were conducted using chi-
square tests, ¢ tests, and analysis of variance. All variables were treated
as categorical variables except age, number of cigarettes smoked per
day, and BMI. Kaplan-Meier plots and the log-rank test were used to
compare the independent variables and mortality. Univariate and multi-
variate Cox proportional hazards models were constructed to examine
the relationship between smoking after diagnosis and mortality. Since
hospital site was significantly correlated with income, educational level,
race, and marital status, it was removed from the multivariate models
to avoid multicollinearity. Variance inflation factors were evaluated to
assess multicollinearity. Values for p <.05 are reported.

Results

Patient Demographics

The characteristics of the participants are described in Table 1
(N = 590). Eight-year overall mortality and cancer-specific mortal-
ity rates were 40.5% (239/590) and 25.4% (150/590), respectively.
The mean age was 58.2 years. Most participants were male (78.8%),
non-Hispanic White (90.9%), and married (60.5%). Just over half
had some college education or more. The median household income
was $47 852 ranging from $11 232 to $137 720.

About a quarter of patients continued to smoke after diagno-
sis (24.8%, n = 146/590), and half of the patients quit either before
(35.3%, n = 208/590) or after (16.8%, n = 99/590) diagnosis and
remained quit. Continuing smokers were more likely to be younger,
unmarried, and have a high school education or less and low income
while being classified as problem drinkers with lower BMIs and cancer
of the oral cavity. One-quarter of the patients met the criteria for prob-
lem drinking. Over half of the patients were either overweight or obese.

Table 1. Pretreatment Patient Characteristics of Newly Diagnosed
Head and Neck Cancer Patients (N = 590)

Mean
Variable (SD)/median Range
Median follow-up time 1627.2 days 35-3099 days

in days

Mean age in years 58.2 years (10.7) 21-92 years

Median household income $47 852.2 $11 232-$137 720
N %
Smoking status®
Continuing smokers 146 24.8
Quitters 99 16.8
Former smokers 208 35.3
Never-smokers 137 23.2
Sex
Male 465 78.8
Female 125 21.2
Race/ethnicity
Non-Hispanic White 536 90.9
Black 35 5.9
Hispanic, other (Native 19 3.2
American)
Marital status
Married 357 60.5
Not married 233 39.5
Education level
High school or less 270 45.8
Some college or more 320 54.2
Problem drinking® 148 251
BMI
Underweight 25 4.2
Normal weight 202 34.2
Overweight 226 38.3
Obese 137 23.2
Cancer site
Oral cavity 134 22.7
Oropharynx 234 39.7
Hypo/nasopharynx 35 5.9
Larynx 134 22.7
Other 53 9.0
Stage
0 12 2.0
I 63 10.7
II 53 9.0
111 90 15.3
v 372 63.1
ACE-27 comorbidity score
None 170 28.8
Mild 234 39.7
Moderate 130 22.0
Severe 56 9.5
Depressive symptoms® 300 50.9
Treatment
Radiation 513 87.0
Chemotherapy 402 68.1
Head and neck surgery 311 52.7

ACE-27 = Adult Comorbidity Evaluation-27; BMI = body mass index.
aIncludes cigarettes, cigars, and pipe tobacco.

Alcohol Use Disorders Identification Test (AUDIT) >8.

Geriatric Depression Scale (Short Form) >4.

Over one-third was diagnosed with cancer of the oropharynx,
followed by cancer of the larynx (22.7%) and oral cavity (22.7%).
Sixty-three percent of the patients were classified as stage IV at
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diagnosis. The majority of patients were scored either none (28.8%)
or mild (39.7%) for ACE-27 comorbidity. About half had signifi-
cant depressive symptoms on the GDS-SE. Most of the participants
received at least one treatment: radiation (87.0%), chemotherapy
(68.1%), or surgery (52.7%).

Univariate and Multivariate Mortality Analyses
Figure 1 showed Kaplan-Meier plot for overall survival and cancer-
specific survival by smoking status after a cancer diagnosis. Never-
smokers had the best overall survival and cancer-specific survival,
whereas current smokers had the worst survival. For overall sur-
vival, quitters and former smokers were in between. For cancer-
specific survival, quitters had slightly worse survival than current
smokers for the first 3 years and then followed a similar survival
pattern as current smokers.

Table 2 showed the univariate and multivariate analysis for
overall mortality. Univariate analysis revealed that smoking status,

age, sex, marital status, education, income, number of cigarettes
smoked at diagnosis, problem drinking, BMI, cancer site, cancer
stage, medical comorbidity, radiotherapy, and chemotherapy sig-
nificantly predicted overall mortality among head and neck cancer
patients. Compared to never-smokers, continuing smokers had the
highest hazard ratio (HR) of dying from all causes (HR = 2.66,
95% confidence interval [CI] = 1.76-4.01), followed by quitters
(HR =2.03,95% CI = 1.29-3.21) and former smokers (HR = 1.91,
95% CI = 1.27-2.88). Advanced age, less education, low income,
higher cigarette consumption, problem drinking, advanced cancer
stage, severe comorbidity, and having radiotherapy and chemo-
therapy were significantly associated with higher overall mortality.
Female sex, being married, and a higher BMI were related to lower
mortality.

In the multivariate analysis controlling for covariates, smok-
ing status after a cancer diagnosis still showed a significant dose—
response relationship with overall mortality: continuing smokers

Survival Time by Smoking Status
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Figure 1. Kaplan—-Meier plot for overall and cancer-specific survival by smoking status.
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Table 2. Bivariate and Multivariate Cox Proportional Hazards Model for Overall Mortality, N = 590 (239 Events, 351 Censored)

Univariate models

Multivariate models

Variable Hazard ratio 95% CI p value Hazard ratio 95% CI p value
Smoking status (vs. never)®

Continuing smokers 2.66 1.76-4.01 <.0001* 2.71 1.48-4.98 .001*

Quitters 2.03 1.29-3.21 .002* 2.38 1.29-4.36 .005*

Former smokers 1.91 1.27-2.88 .002% 1.68 1.12-2.56 015*
Age (in decades) 1.42 1.26-1.60 <.0001* 1.58 1.36-1.83 <.0001*
Female sex 0.67 0.48-0.95 .023* 0.67 0.46-0.97 .035*
Race/ethnicity (vs. White)

Black 1.30 0.79-2.13 .300 1.07 0.62-1.85 817

Hispanic, other (Native American) 0.85 0.40-1.80 671 0.71 0.32-1.56 .389
Married 0.77 0.60-1.00 .050% 0.99 0.75-1.30 927
High school education or less 1.43 1.11-1.84 .006* 1.20 0.91-1.58 187
Low income 1.40 1.06-1.85 .018* 1.12 0.83-1.52 448
Number of cigarettes per day 1.01 1.00-1.02 .003* 0.99 0.98-1.01 245
Problem drinking® 1.42 1.08-1.87 013+ 1.15 0.84-1.59 .388
Body mass index 0.95 0.93-0.97 <.0001* 0.97 0.94-0.99 .010*
Cancer site (vs. oral cavity)

Oropharynx 0.66 0.48-0.92 .014* 0.44 0.29-0.66 <.0001*

Hypo/nasopharynx 1.48 0.91-2.41 114 0.56 0.32-0.97 .040*

Larynx 0.74 0.51-1.07 .108 0.50 0.33-0.76 .001*

Other 0.68 0.40-1.15 154 0.64 0.36-1.12 116
Stage 1.22 1.08-1.39 .002* 1.21 1.03-1.41 .019*
ACE-27 comorbidity score 1.43 1.26-1.64 <.0001* 1.31 1.14-1.51 <.001*
Depressive symptoms? 1.06 0.82-1.37 654 1.04 0.80-1.36 782
Surgery 0.89 0.69-1.14 357 0.94 0.69-1.27 670
Radiation treatment 1.61 1.04-2.50 .033* 1.12 0.64-1.95 704
Chemotherapy treatment 1.69 1.25-2.28 .001* 2.16 1.45-3.24 <.001*

ACE-27 = Adult Comorbidity Evaluation-27; CI = confidence interval.
aIncludes cigarettes, cigars, and pipe tobacco.

"Lowest quartile of income <$35 169.

cAlcohol Use Disorders Identification Test (AUDIT) >8.

dGeriatric Depression Scale (Short Form) >4.

*Predictors with p < .0S5.

(HR = 2.71, 95% CI = 1.48-4.98) had the highest hazard ratio
of dying from all causes; quitters (HR = 2.38, 95% CI = 1.29-
4.36) had the second-highest hazard ratio; and former smokers
(HR = 1.68, 95% CI = 1.12-2.56) had the third-highest hazard
ratio. A 10-year increase in age predicted a 58% increase in hazard
ratio of dying (p < .0001), and females had 33% decreased haz-
ard ratio of dying compared to males (p = .035). One-unit increase
in BMI decreased the hazard ratio of dying by 3% (p = .010). As
expected, more advanced cancer stage (HR = 1.21,95% CI = 1.03-
1.41), severe comorbidities (HR = 1.31, 95% CI = 1.14-1.51), and
having chemotherapy (HR = 2.16, 95% CI = 1.45-3.24) predicted
worse mortality. Marital status, education, income, cigarette con-
sumption, and problem drinking were no longer significant in mul-
tivariate analysis.

Similarly, on bivariate analyses smoking status after diagnosis
was significantly associated with cancer-specific mortality (Table 3).
Continued smoking had the highest hazard ratio of dying from can-
cer-specific reasons (HR = 2.38, 95% CI = 1.41-4.04) followed by
quitters (HR = 2.34,95% CI = 1.33-4.10). Former smokers had the
lowest hazard ratio of dying (HR =1.91,95% CI =1.14-3.18). Older
age (HR = 1.24,95% CI = 1.06-1.44), higher cigarette consumption
(HR = 1.01, 95% CI = 1.00-1.02), problem drinking (HR = 1.48,
95% CI = 1.05-2.09), low BMI (HR = 0.95, 95% CI = 0.92-0.98),
advanced cancer stage (HR = 1.41, 95% CI = 1.18-1.70), receiving

radiotherapy (HR = 2.85, 95% CI = 1.40-5.80) and chemotherapy
(HR =2.39,95% CI = 1.57-3.66) were also related to higher cancer-
specific mortality.

In the multivariate model, smoking status remained significant:
compared to never-smokers, quitters had a slightly higher hazard
ratio (HR = 2.38, 95% CI = 1.13-5.01), which was similar to cur-
rent smokers (HR = 2.07, 95% CI = 0.96-4.47) followed by former
smokers (HR = 1.70, 95% CI = 1.00-2.89). Older age (HR = 1.44,
95% CI = 1.19-1.74), low BMI (HR = 0.96, 95% CI = 0.93-1.00),
advanced cancer stage (HR = 1.27, 95% CI = 1.03-1.57), and
receiving chemotherapy (HR = 2.73, 95% CI = 1.61-4.63) were
independently associated with increased hazard ratio of dying from
cancer-specific reasons.

Discussion

Using prospective longitudinal data from newly diagnosed head and
neck cancer patients, this study showed beneficial effects of smoking
cessation after a cancer diagnosis on overall mortality. Compared to
never-smokers, current smokers after diagnosis had 2.7 times higher
hazard ratio of dying from all causes, which is similar to Gillison
et al.’s* report where smoking during radiotherapy increased the
hazard of dying by 2.2 among oropharyngeal cancer patients. These
findings are also consistent with other previous studies with head
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Table 3. Bivariate and Multivariate Cox Proportional Hazards Model for Cancer-Specific Mortality, N = 590 (150 Events, 440 Censored)

Univariate models

Multivariate models

Variable Hazard ratio 95% CI p value Hazard ratio 95% CI p value
Smoking status (vs. never)®

Continuing smokers 2.38 1.41-4.04 .001* 2.07 0.96-4.47 .063

Quitters 2.34 1.33-4.10 .003* 2.38 1.13-5.01 .022*

Former smokers 1.91 1.14-3.18 .014* 1.70 1.00-2.89 .049%
Age (in decades) 1.24 1.06-1.44 .006* 1.44 1.19-1.74 <.001*
Female sex 0.74 0.49-1.13 165 0.76 0.48-1.21 246
Race/ethnicity (vs. White)

Black 1.22 0.64-2.33 .540 1.02 0.50-2.07 955

Hispanic, other (Native American) 0.99 0.41-2.42 983 0.88 0.34-2.27 .796
Married 0.76 0.55-1.04 .087 0.91 0.65-1.29 .604
High school education or less 1.35 0.98-1.86 .065 1.20 0.85-1.70 296
Low income® 1.37 0.96-1.95 .080 1.17 0.80-1.71 417
Number of cigarettes per day 1.01 1.00-1.02 .023* 1.00 0.98-1.01 595
Problem drinking® 1.48 1.05-2.09 .027% 1.16 0.77-1.73 480
Body mass index 0.95 0.92-0.98 .002* 0.96 0.93-1.00 .026*
Cancer site (vs. oral cavity)

Oropharynx 0.67 0.45-1.00 .050*% 0.39 0.24-0.64 <.001*

Hypo/nasopharynx 0.87 0.43-1.80 714 0.33 0.15-0.72 .006*

Larynx 0.63 0.39-1.01 .054 0.44 0.25-0.75 .003*

Other 0.73 0.39-1.34 318 0.60 0.30-1.18 136
Stage 1.41 1.18-1.70 <.001* 1.27 1.03-1.57 .027*
ACE-27 comorbidity score 1.17 0.99-1.39 .072 1.11 0.92-1.33 283
Depressive symptoms? 1.04 0.76-1.43 .809 1.02 0.73-1.42 913
Surgery 0.94 0.68-1.29 .698 0.94 0.64-1.38 762
Radiation treatment 2.85 1.40-5.80 .004* 1.58 0.68-3.68 289
Chemotherapy treatment 2.39 1.57-3.66 <.0001* 2.73 1.61-4.63 <.001*

ACE-27 = Adult Comorbidity Evaluation-27; CI = confidence interval.
aIncludes cigarettes, cigars, and pipe tobacco.

"Lowest quartile of income <$35 169.

¢Alcohol Use Disorders Identification Test >8.

dGeriatric Depression Scale (Short Form) >4.

*Predictors with p < .0S5.

and neck cancer patients!®??32°-* and other cancer patients.!>4#34
Considering the limitations of previous studies (eg, one-time assess-
ment of smoking, mostly at diagnosis; use of retrospective data;
failure to control for covariates; short follow-up period), this study
contributes to the head and neck cancer literature by identifying
a more accurate measure of the magnitude of the causal relation-
ship between smoking after a cancer diagnosis and mortality, after
controlling for a broad range of covariates. However, continued
smoking did not significantly predict cancer-specific mortality. This
may be because, given the social stigma associated with smoking
among head and neck cancer patients,* self-reported smoking may
be less accurate than biochemically verified smoking status and
might introduce misrepresentation of continuing smokers.5*+”
However, the misrepresentation of current smokers can be mini-
mized by repeated assessment of self-report smoking status as was
done in this and another study conducted with head and neck can-
cer patients.”

Several hypotheses have been proposed to explain the rela-
tionship between smoking after diagnosis and higher mortality.
Carcinogens in tobacco products and nicotine-induced angiogenesis
may promote growth and proliferation of tumor cells."”” Chronic
hypoxia, due to nicotine-induced vasoconstriction and carboxy-
hemoglobin, leads to molecular changes?'**** such as increased p53
mutations and epidermal growth factor receptor expression, both of
which are associated with high mortality.'®?*3%4 Chronic hypoxic

tumor cells are also related to decreased efficacy of cancer treatment,
especially radiation therapy.'®?

Continued smoking among cancer patients also stimulates
proliferation and tumorigenesis and reduces apoptosis in cancer
cells.’® Exposures of cancer cells to smoking also increase multid-
rug resistance, which then increase the risks for cancer recurrence
and decrease response to treatment.’® Moreover, continuing smok-
ers tend to develop more late-stage complications, such as impaired
wound healing, vascular injury, or a direct irritant,'*** which may
contribute to poor mortality. Smokers tend to simultaneously
engage in other risky health behaviors, such as substance abuse,
problem drinking, physical inactivity, not adhering to medication
regimens, and missing treatment days,'®’! which may lead to worse
mortality outcomes, although this study controlled for some of
these risky behaviors, including problem drinking and nutritional
status (BMI).

Despite these detrimental effects of continued smoking after a
cancer diagnosis, the rate of continued smoking 2 years after diag-
nosis was 23.4% in this sample. Even though 70% of cancer patients
who smoke are motivated to quit smoking, only 56% of physicians
recommend that their cancer patients who smoke stop smoking’?
and most oncology providers do not provide smoking interventions
beyond advice to quit.>* Our work** and the work of others**-** have
shown that the major barriers to providers implementing smoking
cessation services included lack of expertise and time. Education
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programs for health care providers as well as dedicated smoking
cessation programs would improve tobacco treatment for cancer
patients.!¢0

In 2014, for the first time Surgeon General’s report “The Health
Consequences of Smoking—350 Years of Progress”!*#¢! stated that it is
imperative to address smoking among cancer patients. Recent simi-
lar reports have been endorsed by the AACR,** American Society of
Clinical Oncology (ASCO),% and NCCN guidelines. A diagnosis of
cancer can be a “teachable moment” where cancer patients are highly
motivated to quit smoking as the benefits of quitting are evident.5
While several cessation interventions from brief advice/referrals to
intense programs®**® as well as pharmacotherapies®®®’ have been
successfully implemented to head and neck cancer patients, only few
institution-wide cessation supports have been incorporated into cancer
care.®

Among covariates, age, sex, BMI levels, cancer stage, medical
comorbidities, and treatment predicted both/either mortality out-
comes. As expected, older age, being male, cancer of the oral cavity,
more advanced cancer stage, and severe medical comorbidities were
associated with worse overall and/or cancer-specific mortality, while
higher levels of BMI were a significant predictor of lower overall
and/or cancer-specific mortality. This finding supports the evidence
that excess weight among head and neck cancer patients plays a
protective role for normal upper aerodigestive tissue, meaning those
with higher BMIs have better survival outcomes.®® Higher BMIs may
also reflect better nutritional status, which could influence treatment
options. Chemotherapy was associated with higher mortality as
patients with more advanced stage generally receive chemotherapy.
Data were not available to analyze whether chemotherapy was used
as a curative treatment or recurrence treatment, which may provide
more insight in the relationship between chemotherapy and worse
mortality.

An additional limitation of the study was that the analyses did
not control for secondhand smoke, which plays an important role
in pathogenesis of head and neck cancer” and possibly prognosis.
Using census tract data as a proxy for income is also a limitation,
yet studies have shown that census data is a valid proxy for income
when other sources are not available.®>”°

It is also possible that selection bias affecting either the patients
referred or recruited to this study, but this would be minimal because
the patients were recruited from three different institutes where soci-
odemographic characteristics varied and overall recruitment rates
were high (79%). Unfortunately, the analyses were unable to control
for human papillomavirus status, which has been shown to effect
mortality among oropharyngeal cancer patients,'®**27 albeit a recent
study found that smoking status remained predictive of mortality
and disease progression even after controlling for human papillo-
mavirus status.>

Conclusions

Compared to never-smokers, continuing smokers have the highest
ratio of overall mortality followed by quitters and former smok-
ers. These findings, which controlled for various covariates and
tracked smoking status repeatedly for 2 years of diagnosis, support
the adverse effect of continuing smoking after diagnosis and suggest
that the smoking cessation after a cancer diagnosis may have benefi-
cial effects on overall mortality for head and neck cancer patients.
Health care providers should focus on incorporating smoking cessa-
tion interventions into standard cancer treatment and continuously
encourage smoking cessation.
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