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Abstract

Purpose—As stereotactic body radiation therapy (SBRT) has emerged as a quick, effective, and 

well-tolerated treatment for early stage non-small cell lung carcinoma (NSCLC), it can be difficult 

to convince patients to quit smoking in follow-up. We evaluated whether there was a survival 

benefit to smoking cessation after SBRT.

Methods and Materials—Patients with early stage NSCLC treated from 2004–2013 who were 

still smoking tobacco at the time of SBRT were identified from a prospective institutional review 

board approved registry. Peripheral tumors were treated to 54 in 3 fractions and central tumors to 

50 Gy in 5 fractions. Patients were reviewed for overall survival (OS) and disease progression. 

The log-rank test and Cox regression were used to identify factors predictive of OS.

Results—Thirty-two patients (27%) quit smoking after SBRT, and 87 (73%) continued smoking. 

Median follow-up was 22 months (range 2–87). On multivariate analysis, smoking status (HR 2.1, 

95% CI: 1.02–4.2, p=0.045), increasing age-adjusted Charlson comorbidity score, and larger 

tumor size were predictive of worse OS. The prior number of cigarette pack-years was not 

significant (p=0.62). In a Kaplan-Meier comparison, smoking cessation after SBRT was 

associated with improved 2-year OS, 78% vs. 69% (p=0.014). There was no significant difference 

in 2-year progression free survival (75% vs. 55%, p=0.23) or local control (97% vs. 88%, p=0.63).

Conclusion—Overall survival is significantly improved in patients who stop smoking after 

SBRT for early stage NSCLC, no matter their previous smoking history. Encouraging smoking 

cessation should be an important part of every post-treatment visit.
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Introduction

Lung cancer is the most common cause of cancer death worldwide, and tobacco smoking is 

responsible for approximately 70% of these lung cancer deaths (1). This risk of death from 

lung cancer increases proportionally with both the duration and intensity of smoking (2). In 

addition, smoking has a number of other negative effects beyond the development of cancer 

itself. Once lung cancer has been diagnosed, continued smoking further depresses the 

quality of life of patients (3). In those with metastatic disease, continued smoking increases 

resistance to systemic therapies (4–5). In those with limited stage small cell lung carcinoma 

treated with combined chemotherapy and radiation therapy, continued smoking decreases 

overall survival (6). Likewise in those with early stage non-small cell carcinoma (NSCLC) 

treated with surgical resection, continued smoking also decreases overall survival (7–8).

However, the impact of smoking cessation after treatment of early stage NSCLC with 

modern radiation is unknown. The benefit of cessation after surgery cannot be extrapolated 

from surgical patients as they typically have a higher performance status and less 

comorbidities than those typically referred for definitive radiation therapy (9). Older studies 

of definitive radiation cannot be applied, as the use of 1–5 large fractions of stereotactic 

body radiation therapy (SBRT) has recently supplanted 5–7 weeks of conventional 

fractionated radiation therapy due to SBRT’s improvement in local control and survival 

(10). With the increasing adaptation of screening via low-dose computed tomography and 

the suggestion of parity between resection and SBRT in recent prospective randomized trials 

(11), we are certain to see a continued increase in its utilization in the years to come.

Unlike the alternative treatment of surgical resection, treatment with SBRT is noninvasive 

and does not require hospitalization. SBRT treatments are generally well tolerated and 

involve at worst mild discomfort during immobilization. The predicted high local control 

rate (12) and ease of treatment with SBRT add little impetus for patients to go through the 

physically and psychologically difficult process of quitting smoking, which is often required 

of patients being offered surgical resection. The importance of smoking cessation after 

SBRT therefore needs to be quantified to motivate not just the increasing number of future 

treated patients, but also the treating physicians as it is well described that only 

approximately a third of those diagnosed with lung cancer are ever formally counseled to 

quit by medical professionals (13).

Materials and Methods

Patients

The records of patients who received lung SBRT from June 2004 to June 2013 at our 

institution were reviewed. Prior to treatment, all patients signed consent for enrollment on an 

IRB-approved prospective registry. Those included in this study had to have either 

pathologically proven non-small cell carcinoma or a growing lesion with a positive pre-

treatment positron emission tomography (PET) scan if biopsy was felt too risky after 

multidisciplinary review. All were free of extra thoracic disease by PET, treated with 

curative intent, and had at least two months of follow-up. Patients who received adjuvant 

systemic or surgical therapy were excluded. All required documentation of continued 
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smoking. Prior to consult with a physician, all patients completed a self-reported 

questionnaire that includes tobacco history, and all patients were assessed by nurses about 

smoking status. All patients in this study also required additional documentation of smoking 

status at any follow-up visit with surgical, medical, or radiation oncology. A total of 119 

patients met inclusion criteria (Figure 1).

Demographic data collected included age, gender, prior number of smoking pack years, 

Karnofsky performance status (KPS), and body-mass index (BMI). Patient comorbidities 

were scored according to the age-adjusted Charlson comorbidity index. Though history of a 

prior cancer is included in this index, a history of a prior cancer was also included as a 

separate variable for analysis. Tumor characteristics collected included the greatest diameter 

of the treated lesion, stage of the cancer according to American Joint Committee on Cancer 

guide version 7, maximum standardized uptake value (SUVmax) of the lesion on PET, 

tumor location and whether a biopsy was performed. Tumor locations were classified as 

peripheral if they were more than 2 cm from the mediastinum and proximal bronchial tree; 

else, the tumors were classified as central. If a biopsy was performed, histology was divided 

between squamous and non-squamous carcinoma.

Treatment

All patients were immobilized for simulation and treatment. Abdominal compression was 

applied if the tumor moved more than 1.0 cm in any direction on four-dimensional 

computed tomography (4D CT). Maximum intensity projection images from this 4D scan 

were used to delineate an internal target volume (ITV) that comprised the gross tumor and 

its complete motion throughout the respiratory cycle. The planning target volume was a 0.5–

1.0 cm expansion of the ITV in all directions. Treatment plans were then generated with 7–

11 non-opposing beams. Heterogeneity corrections were applied using the super-position/

convolution algorithm. Dose was generally prescribed to the 80% isodose line (range 60–

90%) and covered greater than 95% of the PTV. Treatment was performed over 3–21 days 

(median 8 days). The prescribed dose was generally 54 in 3 fractions to peripheral tumors 

and 50 Gy in 5 fractions for central tumors, both with heterogeneity corrections.

Follow-up consisted of physical exam and chest CT scan every 3 months for the first 2 

years, and chest CT scans every 6 months thereafter. PET/CT was performed if there was 

clinical suspicion for recurrence. Patients were not uniformly asked about smoking status in 

follow-up, and the treating radiation oncologists did not receive any specialized training in 

smoking cessation. When patients expressed an interest in quitting smoking however, they 

were given business cards for the state department of health’s free telephone based 

counseling service. After obtaining verbal consent, they were also referred by phone or by 

email to our cancer center’s free smoking cessation program. After an initial consultation 

with a trained counselor in the cancer center, patients would be referred back to the original 

physician with support and prescription recommendations. Those who were interested also 

would be enrolled in an additional six week program covering behavior modification, stress 

reduction, and relapse prevention.
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Statistics

Overall survival (OS), progression-free survival (PFS), and local control duration were 

calculated from the date of first SBRT fraction to the date of last follow-up, death, or 

progression. Patients who did not have a recurrence were censored at either the date of last 

follow-up or death. Summary statistics were provided with frequency count and percentage 

for categorical variables, and mean, standard deviation, median, and range for continuous 

variables. Fisher’s exact test was used to assess associations between two categorical 

variables. A two-sided Wilcoxon rank-sum was used to evaluate the difference in a 

continuous variable between patient groups. The Kaplan-Meier method was used to estimate 

overall survival, progression-free survival, and local control duration. The log-rank test was 

used to evaluate differences in time-to-event outcomes between those who quit smoking and 

those who continued smoking. Two sided p values were used, and these were classified as 

statistically significant if <0.05. Cox proportional hazard analysis was used to calculate 

differences between groups with 95% confidence intervals. Analysis was done using SAS 

version 9.4.

Results

A total of 627 patients with NSCLC treated with SBRT with definitive intent between 2004 

and 2013 were reviewed. Four hundred fourteen (66.0%) were former smokers and 17 

(2.7%) were never smokers. Of the 192 (30.6%) still smoking at the time of treatment, 119 

patients had information about post-treatment smoking status in follow-up. These 119 were 

included in the analysis are detailed in Table 1. The majority were female (n=70, 59%). The 

median age of the entire group was 67 years (range: 51–85). The median number of pack 

years smoked was 50 (interquartile range: 40–75 pack years). Most patients (n=93, 78%) 

had biopsy proven disease. Most had peripheral NSCLC lesions (n=87, 73%) that were 

treated in three fractions to 54Gy. The median follow-up was 22 months (range 2–87 

months).

Of the 119 patients smoking during definitive SBRT, 32 (27%) quit smoking after SBRT, 

and 87 (73%) continued smoking. Patients being treated for their first malignancy were 

twice as likely to quit smoking after SBRT as those with a prior malignancy, 35% vs. 18% 

(p=0.038). There were no other significant differences between those who continued 

smoking after treatment and those who quit smoking, including intensity of smoking prior to 

treatment.

The 2-year OS for all patients smoking during SBRT was 72%. On univariate analysis of 

factors significant for OS, smoking status after treatment, age-adjusted Charlson 

comorbidity score, BMI, tumor size, and squamous histology were predictive of worse OS 

(Table 2). No other factors approached statistical significance, including the prior number of 

cigarette pack-years in this population of patients still smoking at the time of treatment 

(p=0.62). In a Kaplan-Meier comparison, smoking cessation after SBRT was associated with 

an increase in 2-year OS, 78% vs. 69% (p=0.014) (Figure 2). There was no difference in 2-

year progression free survival (75% vs. 55%, p=0.23) or local control (97% vs. 88%, 

p=0.63) (Figures 3 & 4).
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On multivariate analysis of those factors significant for OS on univariate analysis, only 

smoking status (HR 2.1, 95% CI: 1.02–4.2, p=0.045), age-adjusted Charlson comorbidity 

score (HR 1.20, 95% CI: 1.06–1.71, p=0.015), and tumor size (HR 1.35 per cm, 95% CI: 

1.06–1.71, p=0.021) remained significant predictors of worse OS.

Discussion

The association between smoking and early death is well established. Compared to those 

who have never smoked, smokers have at least 15 times the risk of death from lung cancer 

and lose at least one decade of life expectancy (2). Early cessation can reduce this risk of 

death by as much as 90%, but the reduction in risk with late cessation at more advanced ages 

and after the diagnosis of lung cancer is less established. To our knowledge, this is the first 

study to look at the benefit to cessation after treatment of early stage NSCLC with 

stereotactic body radiation therapy. Despite an average age of nearly 70 and multiple 

comorbidities, patients in this study who were able to quit smoking after receiving definitive 

SBRT had a 9% improvement in overall survival at 2 years. This is more than the 5% 

improvement seen with cessation prior to treatment for small cell lung carcinoma, but the 

median OS for early stage NSCLC is greater, allowing more time for the benefits of 

cessation to appear. Also, while the hazard ratio of 2.1 associated with continued smoking 

after SBRT for early stage NSCLC is less than that of 2.9 observed in a meta-analysis of 

surgically treated early stage NSCLC patients (8), our patients were largely medically 

inoperable and had more competing causes for mortality, therefore likely lowering the 

beneficial effect of cessation. Our hazard ratio of 2.1 for continued smoking is slightly 

higher than the 1.7 recently reported by Roswell Park (14), but their population was 

heterogeneous and included patients with more advanced stage disease treated with 

combination therapies. Overall though, the benefit associated with smoking cessation after 

SBRT is consistent with the benefit reported in these other groups of lung cancer patients.

The observed reduction in all-cause mortality with smoking cessation after SBRT is likely 

multifactorial. Medically, cessation improves outcomes in those with chronic pulmonary 

(15) and cardiovascular disease (16), all of which are common comorbidities in medically 

inoperable SBRT patients. Psychologically, continued smoking after treatment for NSCLC 

is associated with lower quality of life (17), higher pain scores (18–19), and depression (20). 

Continued smoking has been associated with more severe toxicity from SBRT including 

worse damage to the chest wall (21). On a molecular level, continued stimulation by 

nicotine in tobacco has been shown to increase tumor growth and neovascularization 

through synergy with cell membrane receptors for epidermal growth factor, vascular 

endothelial growth factor, and insulin-like growth factor (22). Nicotine also inhibits 

apoptosis of carcinoma through prevention of opening of mitochondrial permeability 

transition pores (23). Together, these effects are all likely responsible for the improvement 

in overall survival in those patients who are able to quit smoking after treatment. However 

given that progression free survival and local control did not differ between those who quit 

smoking and those who continued in this cohort, the most important effect is likely due to 

interactions with chronic comorbid illnesses.
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The rate of smoking after treatment was high at 73% in this study, which is within the wide 

range (6–83%) reported by studies of surgically treated early stage NSCLC(8,24)and 

comparable to the rate seen in patients treated for other cancers in United States population-

based studies at 69% (25). Yet our observed rate of continued smoking is significantly 

higher than the rate of 15% recently reported in lung cancer survivors in the American 

Cancer Society’s Study of Cancer Survivors (SCS-I). However, SCS-I was the result of 

smoking surveys taken on average nine years after diagnosis (26). Given the survival benefit 

to smoking cessation seen at just two years in our study of SBRT and in other surgical 

series, it is likely that the population in SCS-I surveyed a decade after diagnosis is biased 

towards non-smokers.

The fact that any patients continue smoking after treatment is nonetheless discouraging. 

Many in this study had in fact been diagnosed with prior malignancies yet continued to 

smoke during SBRT. These patients were only half as likely to quit later. Due to competing 

concerns and perhaps a feeling of futility shared by both providers and lung cancer patients, 

cessation counseling is not addressed as often as it should. Self-reported surveys of 

oncologists suggest rates of counseling are above 80% at initial consultation, but less than 

30% in follow-up (27). Lack of confidence in counseling abilities, discomfort with 

interventions, and frustration with lack of patient motivation were common barriers cited by 

these oncologists (28). Despite these barriers, medical professionals should be encouraged 

that surveys of cancer survivors consistently cite medical advice as an important motivating 

factor for quitting (20). A Cochrane review also concluded that a brief advice intervention 

by a physician can double the unassisted quit rate (29). The most effective physician advice 

interventions are those that use “gain framed” statements (30) such as our finding that 

smokers who can quit after SBRT can double their chances of survival.

This study is limited largely by its retrospective nature. However, it was an analysis of a 

prospective cohort in which all patients consented for inclusion pre-treatment, and there will 

not likely be randomized trials funded to look at the benefit of smoking cessation after 

treatment. Another limitation is the reliability of documentation of smoking status, both 

before and after treatment. Smoking status was determined though through a 

multidisciplinary review though, namely dictated physician notes, nursing notes, and 

referrals to cessation counselors within our cancer center. The median follow-up at just 

under two years is also relatively short. However, while the median survival for the cohort 

has not yet been reached, a statistically significant survival benefit was already apparent. 

While these limitations might affect the exact magnitude of the survival benefit, they should 

not detract from the utility of smoking cessation counseling by oncologists and all other 

medical providers in lung cancer survivors.

Conclusion

No matter their previous smoking history, current smokers treated with SBRT for early stage 

NSCLC appear to enjoy an overall survival advantage if they are able to quit after treatment. 

While this population needs further study, smoking cessation should be a focus of follow-up 

care for all patients with lung cancer.
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Figure 1. 
Patients analyzed for the study.
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Figure 2. 
Smoking cessation is associated with a significant improvement in overall survival at two 

years after SBRT, 78% vs. 69% (p=0.014).
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Figure 3. 
Smoking cessation does not lead to an improvement in progression-free survival after 

SBRT.
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Figure 4. 
Smoking cessation does not affect local control after SBRT.
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Table 1

Patient characteristics.

Characteristic All Smoking Quit P 

119 (100%) 87 (73%) 32 (27%)

Age 0.42

 Median 67 68 67

 Range 51–85 51–85 56–80

Sex 0.41

 Female 70 (59%) 49 (56%) 21 (66%)

 Male 49 (41%) 38 (44%) 11 (34%)

BMI 0.15

 Underweight (<18.5) 15 (13%) 11 (13%) 4 (13%)

 Normal weight 42 (35%) 28 (32%) 14 (44%)

 Overweight (>25) 53 (44%) 41 (47%) 12 (38%)

 Unknown 9 (8%) 7 (8%) 2 (6%)

Smoking history (pack-years) 0.32

 1–25 17 (14%) 11 (13%) 6 (19%)

 26–50 43 (36%) 29 (33%) 14 (44%)

 51–75 34 (29%) 28 (32%) 6 (19%)

 76–100 20 (17%) 14 (16%) 6 (19%)

 >100 3 (2%) 3 (3%) 0

 Unknown 2 (2%) 2 (2%) 0

KPS 0.07

 90–100 29 (24%) 22 (25%) 7 (22%)

 70–89 64 (54%) 50 (57%) 14 (44%)

 <70 21 (18%) 12 (14%) 9 (28%)

 Unknown 5 (4%) 3 (4%) 2 (6%)

Previous cancer 0.04

 No 62 (52%) 40 (46%) 22 (69%)

 Yes 57 (48%) 47 (54%) 10 (31%)

CCI (age adjusted) 0.20

 2–3 15 (13%) 10 (11%) 5 (16%)

 4–5 50 (42%) 36 (41%) 15 (47%)

 6–7 34 (29%) 26 (30%) 8 (25%)

 >7 20 (17%) 15 (17%) 4 (13%)

Histology 0.63

 Squamous 29 (24%) 20 (23%) 9 (28%)

 Non-squamous 64 (54%) 47 (54%) 17 (53%)

Unbiopsied 26 (22%) 20 (23%) 6 (19%)

Tumor Stage 0.86

 T1a 60 (50%) 41 (47%) 19 (59%)

 T1b 41 (35%) 33 (38%) 8 (25%)
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Characteristic All Smoking Quit P 

 T2a 17 (14%) 12 (14%) 5 (16%)

Tumor location 0.39

 Central 17 (14%) 11 (13%) 6 (19%)

 Peripheral 102 (86%) 76 (87%) 26 (81%)

Treatment Dose 0.36

 50 Gy in 5 fractions 26 (22%) 19 (22%) 7 (22%)

 54 Gy in 3 fractions 87 (73%) 64 (74%) 23 (72%)

 55 Gy in 5 fractions 6 (5%) 4 (5%) 2 (6%)

Abbreviations: BMI, body mass index; KPS, Karnofsky performance status; CCI, Charlson comorbidity index (age-adjusted); Gy, gray.
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Table 2

Univariate analysis of factors predictive of overall survival among patients smoking at the time of SBRT.

Characteristic HR 95% CI P 

Smoking after SBRT 2.34 1.17–4.67 0.02

Age 1.03 0.99–1.07 0.14

Sex (Male) 1.56 0.90–2.69 0.11

BMI 1.05 1.00–1.09 0.03

Pack years 1.00 0.99–1.01 0.62

KPS 0.99 0.97–1.01 0.30

Previous Cancer 1.45 0.84–2.48 0.18

Charlson comorbidty index 1.16 1.00–1.35 0.05

Biopsy 1.41 0.69–2.88 0.35

Squamous carcinoma 1.86 1.01–3.44 0.048

Tumor size 1.36 1.08–1.73 0.01

Central location 1.21 0.54–2.73 0.63

Dose 0.94 0.86–1.04 0.24

Abbreviations: SBRT, stereotactic body radiation therapy; HR, hazard ratio; 95% CI, 95% confidence interval.
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Table 3

Multivariate analysis of factors predictive of overall survival among patients smoking at the time of SBRT.

Characteristic HR 95% CI P 

Smoking after SBRT 2.07 1.02–4.20 0.045

Tumor size (cm) 1.35 1.06–1.71 0.015

Charlson comorbidity index 1.2 1.03–1.41 0.021

Abbreviations: SBRT, stereotactic body radiation therapy; HR, hazard ratio; 95% CI, 95% confidence interval.
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