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Lung Cancer Screening  
With Low-Dose CT:  
Its Effect on Smoking Behavior
MEAGHAN McENTEE GOMEZ, ANP-BC, AOCNP®, and GERI LoBIONDO-WOOD, PhD, RN, FAAN

Abstract
Lung cancer screening provides an opportunity for smoking cessation 
interventions. A review of the literature found that smokers who par-
ticipated in lung cancer screening had a higher smoking cessation rate 
compared with smokers in the general population. However, the ran-
domized controlled trials included in the review did not identify any dif-
ference in smoking cessation rates between the individuals who had a 
CT scan to screen for lung cancer and unscreened control groups. Mul-
tiple studies observed participants for lengths of time ranging from 1 to 
36 months and concluded that individuals who received abnormal CT 
results had a higher smoking cessation rate compared with participants 
with normal CT results. A single study that observed participants for 6 
years initially found similar increased cessation rates among those with 
abnormal CT results, but at the conclusion of the study the difference 
in cessation rates had dissipated. Lung cancer screening produces a 
teachable moment when individuals may be more receptive to smoking 
cessation interventions. Advanced practitioners should take an active 
role in promoting smoking cessation interventions and fostering this 
teachable moment created by lung cancer screening.
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L  ung cancer is the leading 
cause of cancer death in 
the United States, with 
an estimated 228,190 

new cases and 159,480 deaths pre-
dicted in 2013 (Siegel, Naishad-
ham, & Jemal, 2013). Most lung 
cancers are diagnosed in later 
stages: 57% of individuals with 
lung cancer have distant metasta-
ses at diagnosis, 22% present with 
spread to regional lymph nodes, 

and 15% are diagnosed with only 
localized disease (Howlader et al., 
2013). Individuals diagnosed at 
earlier stages have a higher prob-
ability of cure and a higher 5-year 
survival rate compared with those 
diagnosed at later stages. The av-
erage 5-year survival rate for lung 
cancer patients is 15.6% (Howlad-
er et al., 2013). Individuals diag-
nosed with localized disease have 
a 52% 5-year survival rate com-
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pared with 3.6% for patients who present with 
metastatic disease. These statistics highlight 
the need for an effective screening tool to de-
tect lung cancer at its early stages. 

Computed tomography (CT) screening for 
lung cancer can potentially diagnose patients at an 
early disease stage. Although previous trials had 
not shown a mortality benefit from CT screen-
ing (Doria-Rose et al., 2009; Marcus et al., 2006; 
Melamed et al., 1984), in August 2011 results from 
the National Lung Screening Trial (NLST) dem-
onstrated that low-dose CT screening was cor-
related with a reduction in lung cancer mortality 
compared with chest radiography screening. In 
this trial, more than 53,000 individuals at high risk 
for lung cancer had three annual screenings with 
CT scans or chest radiography. The participants 
were enrolled in the trial from August 2002 to Au-
gust 2004 and observed through December 2009. 
Eligible participants had a smoking history of 30 
pack-years and if had quit smoking, had done so 
in the past 15 years, and were between 55 and 74 
years old.

 The NLST found a relative reduction of 
20.3% in lung cancer mortality and a 7% reduc-
tion in all-cause mortality for those randomized 
to undergo low-dose CT screening compared 
with those screened with chest radiography (Ab-
erle et al., 2011). The results from the NLST have 
the potential to change clinical practice for indi-
viduals at high risk for lung cancer by providing 
earlier diagnosis, thereby increasing the chance 
of long-term survival. 

BACKGROUND AND SIGNIFICANCE
Lung cancer is the most preventable type of 

cancer; 80% to 90% of lung neoplasms are attrib-
uted to smoking (Wingo et al., 1999). In the United 
States, 21% of people over the age of 18 currently 
use tobacco (Pleis, Ward, & Lucas, 2010). Smok-
ing cessation is an effective method of reducing 
lung cancer mortality (Peto et al., 2000). With 
the recently reported mortality benefit for people 

at high risk for lung cancer as demonstrated by 
the NLST, lung cancer screening could become 
standard practice. Smoking cessation in addition 
to lung cancer screening could further decrease 
the rate of lung cancer–associated mortality. The 
purpose of this review is to evaluate the literature 
on CT screening for lung cancer and its effect on 
smoking behavior. This information has numer-
ous potential implications for health-care inter-
ventions aimed at facilitating smoking cessation 
for patients participating in lung cancer screening.

METHODS AND RELEVANT  
LITERATURE

The databases searched were MEDLINE 
(Ovid), CINAHL (Cumulative Index to Nursing 
and Allied Health Literature), and the Cochrane 
Library. Search terms used were “tomography” 
or “x-ray computed” or “screening” and “lung 
neoplasms” or “lung cancer” or “lung carci-
noma” and “smoking cessation.” Searches were 
limited to the English language, but the pub-
lication years were not limited. The searches 
yielded 113 articles. Animal studies, editorials, 
commentaries, abstracts, and articles pertain-
ing to screening by sputum or chest radiogra-
phy alone were excluded. Also excluded were 
studies that were not relevant to CT screening 
for lung cancer and its effect on smoking behav-
ior. One study was omitted because it measured 
intended smoking cessation rather than actual 
cessation. This review comprises 11 studies. All 
eligible studies were retrieved, and their refer-
ences were examined for further relevant publi-
cations. Of the 11 studies included in the review, 
3 were randomized controlled trials (RCTs) and 
8 were nonexperimental in design. The Table 
provides an overview of the included studies.

LITERATURE SYNTHESIS
Hypothesized Effects of Screening on  
Smoking Behavior

A number of nonrandomized screening pro-
grams have examined the potential negative effect 
of CT lung cancer screening on smoking behav-
ior (Cox et al., 2003; Ostroff, Buckshee, Mancuso, 
Yankelevitz, & Henschke, 2001; Townsend et al., 
2005). It is hypothesized that CT screening could 
create a “green light” effect—a false sense of se-
curity that results in a lower motivation to quit 
and thereby encourages individuals to continue 

Use your smartphone to access 
further information about the three 
randomized controlled trials  
discussed in this article.

SEE PAGE 414
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to smoke (Ostroff et al., 2001). However, multiple 
studies have not found the green light effect to 
be present, as there has been no evidence of in-
creased cigarette consumption after participat-
ing in screening (Anderson et al., 2009; Ashraf 
et al., 2009; Cox et al., 2003; Schnoll et al., 2002; 
van der Aalst, van den Bergh, Willemsen, de Kon-
ing, & van Klaveren, 2010). The other proposed 
hypothesis is that screening may offer a “teach-
able moment” that could lead to increased smok-
ing cessation rates. The term teachable moment 
is used to explain health events that motivate in-
dividuals to adopt risk-reducing health behaviors 
(McBride, Emmons, & Lipkus, 2003); the term 
has frequently been used in analyses of smoking 
cessation interventions. 

Population Sample Factors 
To fully comprehend the multifaceted process 

of quitting smoking, it is necessary to examine 
motivation and interest level of smokers regard-
ing screening and smoking cessation. Two studies 
demonstrated that a high percentage of smokers 
(62% and 77%) were interested in participating in 
lung cancer screening (Hahn, Rayens, Hopenhayn, 
& Christian, 2006; Schnoll et al., 2003). Taylor et 
al. (2007) explored the individuals’ reasons for 
participation in a lung cancer screening trial; com-
mon motivations reported included psychological 
factors, such as wanting peace of mind about lung 
cancer and being worried about lung cancer, and 
altruistic motivations, such as wanting to make a 
contribution to medical science. A small number of 
responses were reasons related to personal aware-
ness, such as screening recommended by others, 
family history of lung cancer, and symptoms of 
lung cancer. 

Another study found that interest in lung 
cancer screening was associated with percep-
tion of cancer risk and knowledge of asymptom-
atic illness (Schnoll et al., 2003). It has also been 
shown that current smokers who participated in 
lung cancer screening were interested in smok-
ing cessation (Ostroff et al., 2001; Taylor et al., 
2007; Townsend et al., 2005), specifically nico-
tine replacement therapy and cessation counsel-
ing interventions (Taylor et al., 2007). Therefore, 
the data suggest that smokers are willing to have 
lung cancer screening and that individuals who 
are screened want additional assistance and in-
formation on smoking cessation. 

Smoking Behavior
The three RCTs and one observational trial 

suggest that participants in lung cancer screen-
ing did not exhibit a change in smoking behavior 
(Anderson et al., 2009; Ashraf et al., 2009; van der 
Aalst et al., 2010; van der Aalst, van Klaveren, van 
den Bergh, Willemsen, & de Koning, 2011b). The 
RCTs’ unscreened control groups had quit rates 
similar to those of the groups who had CT screen-
ing (Ashraf et al., 2009; van der Aalst et al., 2010; 
van der Aalst et al., 2011b). 

Ashraf et al. (2009) randomly assigned par-
ticipants to undergo either annual CT screen-
ing (n = 2,052) or no screening (n = 2,052). The 
participants had a smoking history of at least 20 
pack-years and received minimal (< 5 minutes) 
smoking cessation counseling. Individuals were 
classified as ex-smokers if they had not smoked 
in 4 weeks prior to the baseline screening visit. 
At the 1-year follow-up visit, quit rates were 11.9% 
in the CT screening group and 11.8% in the con-
trol group. Baseline predictors for quitting smok-
ing at the 1-year follow-up included worse pul-
monary function tests, lower average number of 
cigarettes smoked per day since starting smoking, 
lower Fagerström Nicotine Dependence Ques-
tionnaire scores, and higher motivation to quit 
(Ashraf et al., 2009). 

The NELSON trial randomly assigned 11,181 
men into screening (n = 5,438) and control (n = 
5,451) arms, excluding females and unknown gen-
der (n = 292). Participants in the screening arm had 
a baseline CT scan and responded to a question-
naire that assessed demographic factors, smoking 
behavior variables, and attitudes toward smoking 
cessation. More data were collected on these vari-
ables 2 years later (van der Aalst et al., 2010; van der 
Aalst et al., 2011b). van der Aalst et al. examined a 
subgroup of NELSON participants who were cur-
rent smokers, defined as smoking in past the 7 days, 
randomly selected from the trial’s screening (n = 
641) and control (n = 643) groups (van der Aalst et 
al., 2010). The researchers found that 16.6% of trial 
participants stopped smoking, which is appreciably 
higher than the cessation rate among smokers in the 
general population. The screening group had a low-
er prolonged cessation rate (14.5%) than the control 
group (19.1%), but an intent-to-treat analysis found 
no statistical difference. 

Another article that reported no change in 
smoking behavior related to screening was an ob-
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Table. Review of Literature on CT Screening for Lung Cancer and Effect on Smoking Behavior

Study Participants Inclusion criteria Methods
Cessation 
definition Results Limitations

Randomized control trials

Ashraf et al. 
(2009)

Screening group: 
n = 2,052; current/ 
former smokers, 
1,545/507 
Control: n = 2,052; 
current/former 
smokers, 1,579/473

DLCST 
participant; 
current or former 
smoker; age 
50–70 yr; 
> 20 pack-yr 
smoking history

Baseline and 
annual CT; 1st yr 
of 5-yr study; CO 
monitoring; self-
report smoking 
status; control 
group, < 5 min of 
smoking cessation 
counseling

No cigarette 
use > 4 wk 
prior to 
follow-up

• 12% of smokers in CT 
arm and control arm 
stopped smoking

• 10% of former 
smokers in CT arm 
and 11% in control 
arm restarted 
smoking

• Among those with 
abnormal CT results 
at baseline and 
rescanned at 3 mo, 
18% quit rate for 
those with abnormal 
2nd scan results and 
11% quit rate for those 
with normal 2nd scan 
results

Smoking history 
data missing for 
300 participants

van der Aalst 
et al. (2010)

Screening group: 
n = 641 
Control: n = 643

NELSON trial 
participant; 
male current 
smoker or quit 
< 10 yr ago; age 
50–75 yr; > 15 
cigarettes/day 
for > 25 yr or  
> 10 cigarettes/
day for > 30 yr; if 
quit, < 10 yr ago

Screening group: 
CT at yr 1, 2, and 4; 
smoking cessation 
brochure to 
screening group 
only 
Control: no 
screening and no 
visit to screening 
site; current study 
2 yr postscreening

No smoking  
in past 7 days

• 17% of participants 
quit smoking 2 yr 
postscreening

• Prolonged cessation 
rates: 15% for 
screening group, 19% 
for control group: no 
statistical significance 
using intent-to-treat 
analysis

Only male 
participants; 
excluded former 
smokers; relapse 
rate not known; 
no biochemical 
verification

van der Aalst 
et al. (2011a)

Negative CT:  
n = 550 
 1 indeterminate 

CT, n = 440

NELSON trial 
participant; male 
current smoker; 
age 50–75 yr;  
> 15 cigarettes/
day for > 25 yr or 
> 10 cigarettes/
day for > 30 yr

Screening group: 
CT yr 1, 2, and 4; 
smoking cessation 
brochure given 
only to screening 
group; current 
study 2 yr 
postscreening; 
secondary analysis 
of RCT; examined 
CT scan results on 
smoking behavior

No smoking 
in past 7 days

• Outcome of CT 
scan no impact on 
smoking abstinence 

• Smokers with 
indeterminate CT 
results reported more 
quit attempts 

• Prolonged abstinence 
rates were 9% and 
12%, respectively, 
in smokers who 
received negative 
CT results and  1 
indeterminate results

Only male 
participants; 
no biochemical 
verification

Observational studies

Ostroff et al. 
(2001)

N = 134 ELCAP 
participant; 
current smoker; 
age > 60 yr; > 10 
pack-yr history

Baseline CT with 
detailed smoking 
history; phone 
interview after CT 
scan, timing not 
specified

Quit/
decreased or 
no change/
increased at 
time of phone 
survey

• 23% quit; 27% 
decreased cigarette 
consumption

• 47% no change 
in cigarette 
consumption; 3% 
increased cigarette 
consumption

Small sample 
size; unclear 
when survey was 
performed; self-
reported smoking 
status; limited 
racial diversity

Schnoll et al. 
(2002)

N = 55 Current smoker; 
female;  10 
cigarettes/day; 
> 15 pack-yr 
history

Sputum cytology, 
CXR, spiral CT, 
bronchoscopy; 
smoking cessation 
advice given; 
follow-up survey  
1 mo postscreening 
for smoking status

No cigarette 
use in past 7 
days

• 16% cessation rate Only females; 
small sample size; 
smoking status 
measured 1 mo 
postscreening; 
single time point; 
return rate 71%; 
low enrollment 
rate (33%)

Note. DLCST = Danish Lung Cancer Screening Trial; CT = computed tomography; CO = carbon monoxide; RCT = randomized controlled 
trial; ELCAP = Early Lung Cancer Action Program; CXR = chest x-ray; PFT = pulmonary function test; PALCD = ProActive Lung Cancer 
Detection; LSS = Lung Screening Study; NLST = National Lung Screening Trial; PLS = Pittsburgh Lung Screening.
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Table. Review of Literature on CT Screening for Lung Cancer and Effect on Smoking Behavior (cont)

Study Participants Inclusion criteria Methods
Cessation 
definition Results Limitations

Cox et al. 
(2003)

N = 1,475; 
current/former 
smokers, 
901/574

Current or former 
smoker; age ≥ 50 
yr; > 20 pack-yr 
history; surgical 
candidate +  life 
expectancy > 5 yr; 
no cancer history 
within past 5 yr

Baseline CT, 
smoking history, 
PFT; if nodules, 
additional scans 
done immediately, 
3 mo, or 6 mo, 
depending on 
size; data from 1 yr 
postscreening

Not smoking 
at time of 
screening

• 14% of current 
smokers stopped  
at 1 yr follow-up

• 10% of former 
smokers had 
restarted smoking  
at 1 yr follow-up

Smoking status 
measured 1 time 
point only

Townsend  
et al. (2005)

N = 1,520; 
current/former 
smokers  
(quit > 12 mo), 
926/594

Current or former 
smoker; age ≥ 50 
yr; > 20 pack-yr 
history and quit 
< 10 yr ago; no 
cancer history in 
past 5 yr; surgical 
candidate w/life 
expectancy > 5 yr

Self-report smoking 
status at 3 annual 
CT scans; no 
cessation advice 
given

Not smoking 
at time of 
screening

• Cessation reported 
14%, 22%, and 24% 
at 1st, 2nd, and 3rd 
scans, respectively

• Cessation rate for 
individuals with 1, 2, 
and 3 abnormal scans 
24%, 28%, and 42%, 
respectively 

No biochemical 
verification; 
unclear definition 
of cessation; 
limited racial and 
socioeconomic 
diversity

MacRedmond 
et al. (2004)

N = 449; 
current/former 
smokers, 
307/142

PALCD study 
participant; current 
or former smoker; 
age > 45 yr; > 10 
pack-yr history; 
smoker at age 
45 yr; surgical 
candidate; no prior 
cancer history

Annual scans for 
2 yr; smoking 
cessation advice 
given and 
reinforced at each 
visit

Not defined • 19% of current 
smokers stopped 
smoking during the 
2-yr study period

• 2% of former smokers 
restarted

No biochemical 
verification; 
minimal 
information on 
cessation advice 
intervention; 
cessation not 
clearly defined

Taylor et al. 
(2007)

LSS: n = 144; 
current/former 
smokers, 61/83 
NLST: n = 169; 
current/former 
smokers, 79/90

LSS or NLST 
participant; current 
or former smoker; 
age 55–74 yr; > 30 
pack-yr history

LSS: 2 annual 
CT scans; NLST: 
3 annual CT 
scans; phone 
questionnaire 
prior to baseline 
screening and then 
2 wk after receiving 
results of CT scan 
screenings; no 
cessation advice 
given

Not smoking 
at time of 
phone survey

• 7% current smokers 
at baseline reported 
abstinence

• 4% former smokers 
at baseline reported 
restarting smoking

Small study 
size; analyzed 
separately, 
therefore further 
reducing power; 
no biochemical 
verification; lack 
of racial and 
socioeconomic 
diversity

Anderson  
et al. (2009)

N = 2,078; 
current/former 
smokers, 
730/1,229; 122 
recent quitters 
(within 12 m)

ELCAP participant; 
current or former 
smoker; > 10 pack-
yr history and if 
former smoker, 
quit < 10 yr ago; 
symptom-free; 
surgical candidate

Annual CT 
screening for 6–12 
yr; cessation advice 
provided

No smoking in 
past 30 days

• 7% current smokers 
at baseline reported 
abstinence

• 4% former smokers 
at baseline reported 
restarting smoking

No biochemical 
verification; 
smoking 
behavior not 
captured 
uniformly or 
continuously

Styn et al. 
(2009)

N = 2,094 PLS participant; 
current smoker; 
age 50–79 yr; > ½ 
pack/day for 25 yr; 
if quit, < 10 yr ago

1 yr post baseline 
CT; CT scans 
classified mod/high 
or low suspicion; 
referral for other 
reason or not 
referred; informal 
cessation given 
during phone 
interview

Cessation 
> 30 days; 
cessation  
 30 days

• 1 yr follow-up, 16% 
participants reported 
not smoking for  
> 30 days

• 1 yr postscreening, 
individuals had quit 
rate > 30 days of 
26% if referred for a 
mod/high-suspicion 
CT scan, 15% for low 
suspicion CT scan, 
and 14% with no 
referral

No biochemical 
verification; lack 
of racial diversity

Note. DLCST = Danish Lung Cancer Screening Trial; CT = computed tomography; CO = carbon monoxide; RCT = randomized controlled 
trial; ELCAP = Early Lung Cancer Action Program; CXR = chest x-ray; PFT = pulmonary function test; PALCD = ProActive Lung Cancer 
Detection; LSS = Lung Screening Study; NLST = National Lung Screening Trial; PLS = Pittsburgh Lung Screening.
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servational trial by Anderson et al. (2009), who 
examined a subpopulation of participants from 
the Early Lung Cancer Action Program. This 
study included current smokers (n = 730), long-
term former smokers (n = 1,229), and recent quit-
ters (n = 122); participants were observed for up to 
12 years. Anderson et al. (2009) found there was 
no long-term smoking abstinence or increased 
relapse over the minimum 6-year time frame par-
ticipants were observed. 

The results of the observational studies dem-
onstrate that people who participated in lung 
cancer screening had high smoking cessation 
rates: between 7% and 23% (Cox et al., 2003; 
MacRedmond et al., 2004; Ostroff et al., 2001; 
Schnoll et al., 2002; Styn et al., 2009; Taylor et al., 
2007). These statistics are noteworthy, especially 
compared with the quit rate for the general popu-
lation, which is 2% to 3% (Stead, Bergson, & Lan-
caster, 2008). In one study, 87% of participants 
who had stopped smoking named participation 
in the trial as the major influence in their motiva-
tion for smoking cessation (Ostroff et al., 2001). 

Effect of CT Scan Results
A few studies examined the effect of positive 

and negative CT scan results on the smoking ces-
sation rates of participants in lung cancer screen-
ing. Multiple studies indicate that abnormal CT 
results encourage smoking cessation (Ashraf et 
al., 2009; Styn et al., 2009; Townsend et al., 2005). 
Townsend and colleagues (2005) conducted a 
longitudinal study that examined current (n = 
926) and former smokers (n = 594) who had three 
annual CT scans to screen for lung cancer. During 
the 3-year follow-up, abstinence from smoking 
was also associated with older age, worse base-
line pulmonary function tests, and abnormal CT 
scan results the previous year, requiring closer 
follow-up. Smoking abstinence was reported by 
41.9% of individuals who had abnormal CT scan 
results for all three screenings, 28.0% of those 
with two abnormal screening results, 24.2% of 
those with one abnormal screening result, and 
19.8% of those with no abnormal screening re-
sults (Townsend et al., 2005). 

Another study determined that participants 
who were referred to a physician because of 
moderately to highly suspicious CT results had 
an 18.8% higher rate of quitting for more than 30 
days compared with those who had normal scan 

results and were not referred to a physician (Styn 
et al., 2009). Taylor et al. (2007) separately ana-
lyzed the effect of CT results on smoking behavior 
among participants from two different screening 
trials (the NLST and the Lung Screening Study) 
and had conflicting findings. The Lung Screening 
Study participants were more ready to quit if they 
had received abnormal results, but among the 
NLST participants, the screening results had no 
effect on cessation. 

Anderson and colleagues (2009) initially 
came to a similar conclusion as the previous in-
vestigators. Individuals who had negative CT 
scan outcomes were 28% less likely to report not 
having smoked within the past 30 days compared 
with those who had a positive CT result that re-
quired further evaluation. But after 6 years, the 
statistical significance between the cessation 
rates of the two groups had dissipated. This im-
plies that positive CT scans may initially increase 
rates of smoking cessation but do not improve 
rates of prolonged smoking abstinence, defined 
as not consuming cigarettes for more than 1 year 
(Anderson et al., 2009). 

van der Aalst and colleagues (2011a) found 
comparable outcomes when examining the effect 
of CT results on smoking behavior in an addi-
tional subset population of the NELSON trial. In 
this study, two randomly selected groups of male 
smokers with negative (n = 550) or indeterminate 
(n = 440) CT scan results had their smoking sta-
tus examined 2 years after their baseline CT scan. 
The data suggest that there was no statistically 
significant difference in smoking cessation rates 
between the two groups. However, individuals 
who had only received negative results had made 
fewer quit attempts than had participants with 
indeterminate CT scan results. 

SUMMARY OF RESULTS
In summary, both RCTs and observational 

studies suggest that trial participants in both 
screening and control groups were more inclined 
to stop smoking as compared with smokers in the 
general population. The RCTs revealed no sig-
nificant difference between individuals screened 
with CT and individuals who were not screened. 
The RCTs helped clarify whether an individual’s 
cessation was associated with the CT screening or 
the act of participating in a lung cancer screening 
program. Most studies concluded that individuals 
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who had abnormal CT results that required addi-
tional follow-up had higher cessation rates than 
did those with negative CT results. 

Study Limitations
The majority of studies included in this review 

were nonexperimental (Anderson et al., 2009; 
Cox et al., 2003; MacRedmond et al., 2004; Ostroff 
et al., 2001; Schnoll et al., 2002; Styn et al., 2009; 
Taylor et al., 2007; Townsend et al., 2005), while 
three were RCTs (Ashraf et al., 2009; van der Aalst 
et al., 2010; van der Aalst et al., 2011b). Although 
both types of studies demonstrated the relation-
ship between participation in a smoking cessation 
trial and smoking cessation, the RCTs more clearly 
demonstrated the effect of CT results. In the RCTs, 
the quit rate for both the control and experimental 
groups was significantly higher than the average 
cessation rate among smokers in the general popu-
lation. If the trials had not had control groups, the 
increased smoking cessation rate compared to the 
general population could have been attributed to 
CT screening (Ashraf et al., 2009). 

There is a concern that the study populations 
are not randomly selected because participation in 
lung cancer screening trials was voluntary; people 
who take part may be more motivated to quit than 
other smokers (van der Aalst et al., 2010). In ad-
dition, smokers expressed more interest in lung 
cancer screening if they were preparing to quit or 
thinking about quitting smoking than those who 
were not motivated to quit, actively quitting, or 
maintaining abstinence (Hahn et al., 2006). 

Another issue was that many of the reviewed 
studies had minimal ethnic diversity in their pop-
ulations; the majority of participants were white, 
with other groups vastly underrepresented. In the 
articles in which ethnicity/race was listed, 83% to 
99% of the participants were white (Anderson 
et al., 2009; Cox et al., 2003; Ostroff et al., 2001; 
Styn et al., 2009; Taylor et al., 2007; Townsend et 
al., 2005). In 2009, 22.1% of current smokers in 
the United States above the age of 18 years were 
White and non-Hispanic and 21.3% were black 
(Dube et al., 2010). The majority of the articles 
had equivalent gender proportions, but two of 
the studies had only male participants (van der 
Aalst et al., 2010; van der Aalst et al., 2011b) and 
one study included only female smokers (Schnoll 
et al., 2002). It is essential that the study popula-
tion be representative of the general population 

so that cultural, racial, and gender differences 
can be appreciated and taken into consideration 
when creating smoking cessation interventions 
to accompany lung cancer screening programs. 

An additional limitation was that cessation 
was defined in various ways in the different stud-
ies: not smoking at the time of follow-up (Taylor 
et al., 2007), in the past 7 days (Cox et al., 2003; 
van der Aalst et al., 2010), in the past 30 days (Styn 
et al., 2009), or in the past 4 weeks (Ashraf et al., 
2009). One study further defined point abstinence 
as having refrained from smoking cigarettes for 30 
days, cumulative point abstinence as having not 
smoked in more than 30 days but less than 1 year, 
and long-term abstinence as having refrained 
from smoking for 1 year (Anderson et al., 2009). 
In another study, cessation was described as not 
smoking in the past 7 days or having had fewer 
than 5 cigarettes since the quit date (van der Aalst 
et al., 2011b). The variety of definitions of cessa-
tion can make it difficult to compare results from 
studies, and it is understandable how the different 
studies could have a variety of outcomes. 

The length of time researchers observed 
participants after lung cancer screening and 
acquired information about their smoking 
status varied immensely among studies. One 
study observed participants for a minimum of 
6 years (Anderson et al., 2009), and a handful 
of studies tracked patients for 1 to 2 months 
(Schnoll et al., 2002; Taylor et al., 2007), while 
the majority of articles reported researchers 
observing patients from 1 to 3 years (Ashraf et 
al., 2009; Cox et al., 2003; MacRedmond et al., 
2004; Styn et al., 2009; Townsend et al., 2005; 
van der Aalst et al., 2010; van der Aalst et al., 
2011b). The variety in follow-up periods could 
result in different conclusions.

Multiple articles relied on participant self-re-
ported smoking status without biochemical con-
firmation (Anderson et al., 2009; MacRedmond 
et al., 2004; Ostroff et al., 2001; Townsend et al., 
2005; van der Aalst et al., 2010; van der Aalst et 
al., 2011b), and a few studies used biochemical 
monitoring to confirm smoking status (Ashraf et 
al., 2009; Cox et al., 2003; Styn et al., 2009). Self-
reported smoking status could introduce a social 
response bias; however, Studts et al. (2006) exam-
ined the validity of self-reported smoking status 
in lung cancer screening participants and found a 
total miscalculation rate of only 7%. As this study 
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had a sensitivity of 91% and a specificity of 95%, 
the risk of a social response bias is limited. 

CLINICAL IMPLICATIONS
As participation in lung cancer screening is 

associated with smoking cessation, there are ad-
ditional elements of lung cancer screening trials 
that could encourage smoking cessation by the 
creation of a teachable moment. Smokers often 
name physician advice as a major factor motivat-
ing cessation (Kviz, Clark, Hope, & Davis, 1997). 
A short smoking cessation recommendation by 
a health-care provider can increase quit rates by 
1% to 3%, with a small added benefit from more 
intensive interventions (Stead, Bergson, & Lan-
caster, 2008). Repeat CT scans for lung cancer 
screening allow multiple opportunities to pro-
mote cessation interventions and provide follow-
up support to recent quitters. In addition, recur-
ring scans help to establish a rapport between the 
health care worker and patient. Therefore, lung 
cancer screening offers an opportunity for ad-
vanced practitioners to promote smoking cessa-
tion by seizing the teachable moment. 

Receiving abnormal results or a possible can-
cer diagnosis during lung cancer screening may 
provide a teachable moment that could help mo-
tivate individuals to quit smoking. McBride, Em-
mons, and Lipkus (2003) proposed three domains 
that help identify whether an event is significant 
enough to develop into a teachable moment. A 
significant event does one of the following: “(1) in-
creases perceptions of personal risk and outcome 
expectancies, (2) prompts strong affective or 
emotional responses, and (3) redefines self-con-
cept or social role” (McBride et al., 2003, p. 156). 

Accessing these three domains could help 
advanced practitioners make the most of the 
potential teachable moment by having smoking 
cessation discussions with patients during lung 
cancer screening. Individuals who take part in 
lung cancer screening can experience increased 
personal risk perception and outcome expec-
tancies. Screened individuals can have altered 
cancer-related risk perceptions, which can help 
motivate smokers to quit (Cox et al., 2003; Os-
troff et al., 2001; Townsend et al., 2005), and it is 
thought that increased cancer risk perception can 
result in behavior change (Kreuter & Strecher, 
1995). Individuals who believe that continuing to 
smoke will result in negative health outcomes are 

the most likely to quit smoking (McBride et al., 
2003). If people participating in screening have 
a vivid and explicit experience of risk, such as 
a possible cancer diagnosis, this may result in a 
change in smoking behavior. The fear of the scan 
uncovering possible lung cancer creates the po-
tential for an intense emotional response when a 
patient is participating in lung cancer screening. 
Also, a possible cancer diagnosis could intensify 
the belief that smoking is not acceptable or is un-
suited to the participant’s role and/or obligations, 
increasing the motivation to quit. 

As lung cancer screening becomes more stan-
dardized (i.e., interval of screening, stratification 
by risk, cost-effectiveness) and guidelines are cre-
ated, smoking cessation must be an integral part 
of lung cancer screening programs. A multidisci-
plinary approach using pharmacotherapy, coun-
seling, and motivation from screening results will 
be fundamental to these cessation programs. Ad-
vanced practitioners must take an active role in 
educating patients about screening and smoking 
cessation. In one study, 77% of responders were 
unaware that spiral CT was being used to screen 
for lung cancer (Schnoll et al., 2003). It is impera-
tive that advanced practitioners raise awareness 
about CT screening for lung cancer. It is equally 
essential to identify and refer individuals who 
qualify for lung cancer screening. Advanced prac-
titioners in oncology should play a critical role in 
promoting smoking cessation for patients within 
lung cancer screening programs and capitalizing 
on the related teachable moments. 

Many unknowns remain concerning smok-
ing cessation related to CT screening for lung 
cancer, including the timing and type of cessa-
tion interventions that are most effective, which 
indicates a need for further research. Some data 
show improved cessation rates for cessation 
treatment interventions given prior to the screen-
ing test compared with interventions given after 
the screening results were disclosed (Ferketich et 
al., 2011). In addition, specific cessation methods 
continue to be debated. Individualized lung can-
cer risk and giving personalized smoking cessa-
tion information may not be more effective than 
providing participants with general information 
(Clark et al., 2004; van der Aalst et al., 2011b). 
More research is needed to help evaluate the 
most effective methods of smoking cessation with 
lung cancer screening. Additional RCTs and stud-
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ies with longer follow-up are essential to help to 
evaluate long-term smoking cessation and to help 
decrease the number of issues related to popula-
tion and study design. 

CONCLUSIONS
In summary, smokers who participate in lung 

cancer screening are more likely to stop smoking 
than smokers in the general population. Random-
ized controlled trials found no statistically sig-
nificant difference between individuals who were 
screened with CT and individuals who were not 
screened. The information gained from this re-
view should help motivate advanced practitioners 
to promote smoking cessation interventions, as 
lung cancer screening participants have about a 
three to four times higher chance of successfully 
quitting smoking than smokers in the general pop-
ulation. It should be emphasized to health-care 
providers that lung cancer screening provides a 
teachable moment that can be used to encourage 
smoking cessation and reduce future morbidity in 
this subset of patients.

DISCLOSURE 
The authors have no conflicts of interest to 

disclose.

REFERENCES
Aberle, D. R., Adams, A. M., Berg, C. D., Black, W. C., Clapp, J. 

D., Fagerstrom, R. M.,...Sicks, J. D. (2011). Reduced lung-
cancer mortality with low-dose computed tomographic 
screening. New England Journal of Medicine, 365(5), 
395–409. http://dx.doi.org/10.1056/NEJMoa1102873

Anderson, C. M., Yip, R., Henschke, C. I., Yankelevitz, D. F., Os-
troff, J. S., & Burns, D. M. (2009). Smoking cessation and 
relapse during a lung cancer screening program. Cancer 
Epidemiology, Biomarkers & Prevention, 18(12), 3476–3483. 
http://dx.doi.org/10.1158/1055-9965.EPI-09-0176

Ashraf, H., Tonnesen, P., Holst Pedersen, J., Dirksen, A., 
Thorsen, H., & Dossing, M. (2009). Effect of CT screen-
ing on smoking habits at 1-year follow-up in the Danish 
Lung Cancer Screening Trial (DLCST). Thorax, 64(5), 
388–392. http://dx.doi.org/10.1136/thx.2008.102475

Clark, M. M., Cox, L. S., Jett, J. R., Patten, C. A., Schroeder, D. 
R., Nirelli, L. M.,...Swensen, S. J. (2004). Effectiveness of 
smoking cessation self-help materials in a lung cancer 
screening population. Lung Cancer, 44(1), 13–21. http://
dx.doi.org/10.1016/j.lungcan.2003.10.001

Cox, L. S., Clark, M. M., Jett, J. R., Patten, C. A., Schroed-
er, D. R., Nirelli, L. M.,...Hurt, R. D. (2003). Change in 
smoking status after spiral chest computed tomography 
scan screening. Cancer, 98(11), 2495–2501. http://dx.doi.
org/10.1002/cncr.11813

Doria-Rose, V. P., Marcus, P. M., Szabo, E., Tockman, M. S., 

Melamed, M. R., & Prorok, P. C. (2009). Randomized 
controlled trials of the efficacy of lung cancer screen-
ing by sputum cytology revisited: A combined mortality 
analysis from the Johns Hopkins Lung Project and the 
Memorial Sloan-Kettering Lung Study. Cancer, 115(21), 
5007–5017. http://dx.doi.org/10.1002/cncr.24545

Dube, S. R., McClave, A., James, C., Caraballo, R., Kaufmann, R., 
& Pechacek, T. (2010). Vital signs: Current cigarette smok-
ing among adults aged ≥ 18 years—United States, 2009. 
Morbidity and Mortality Weekly Report, 59, 1135–1140.

Ferketich, A. K., Otterson, G. A., King, M., Hall, N., Brown-
ing, K. K., & Wewers, M. E. (2011). A pilot test of a com-
bined tobacco dependence treatment and lung cancer 
screening program. Lung Cancer, 76(2), 211–215. http://
dx.doi.org/10.1016/j.lungcan.2011.10.011

Hahn, E. J., Rayens, M. K., Hopenhayn, C., & Christian, W. J. 
(2006). Perceived risk and interest in screening for lung 
cancer among current and former smokers. Research 
in Nursing & Health, 29(4), 359–370. http://dx.doi.
org/10.1002/nur.20132

Howlader, N., Noone, A. M., Krapcho, M., Neyman, N., Ami-
nou, R., Waldron, W.,...Edwards, B. K. (2013). SEER 
cancer statistics review, 1975-2010, National Can-
cer Institute. Retrieved from http://seer.cancer.gov/
csr/1975_2008/statfacts/html/lungb.html

Kreuter, M. W., & Strecher, V. J. (1995). Changing inaccu-
rate perceptions of health risk: Results from a random-
ized trial. Health Psychology, 14(1), 56–63. http://dx.doi.
org/10.1037/0278-6133.14.1.56

Kviz, F. J., Clark, M. A., Hope, H., & Davis, A. M. (1997). Pa-
tients’ perceptions of their physician’s role in smok-
ing cessation by age and readiness to stop smoking. 
Preventive Medicine, 26(3), 340–349. http://dx.doi.
org/10.1006/pmed.1997.0149

MacRedmond, R., Logan, P. M., Lee, M., Kenny, D., Foley, 
C., & Costello, R. W. (2004). Screening for lung cancer 
using low dose CT scanning. Thorax, 59(3), 237–241. 
http://dx.doi.org/10.1136/thx.2003.008821

Marcus, P. M., Bergstralh, E. J., Zweig, M. H., Harris, A., Of-
ford, K. P., & Fontana, R. S. (2006). Extended lung can-
cer incidence follow-up in the Mayo Lung Project and 
overdiagnosis. Journal of the National Cancer Institute, 
98(11), 748–756. http://dx.doi.org/10.1093/jnci/djj207

McBride, C. M., Emmons, K. M., & Lipkus, I. M. (2003). Un-
derstanding the potential of teachable moments: The 
case of smoking cessation. Health Education Research, 
18(2), 156–170. http://dx.doi.org/10.1093/her/18.2.156

Melamed, M. R., Flehinger, B. J., Zaman, M. B., Heelan, R. T., 
Perchick, W. A., & Martini, N. (1984). Screening for early 
lung cancer. Results of the Memorial Sloan-Kettering 
study in New York. Chest, 86(1), 44–53. 

Ostroff, J. S., Buckshee, N., Mancuso, C. A., Yankelevitz, D. F., 
& Henschke, C. I. (2001). Smoking cessation following 
CT screening for early detection of lung cancer. Preven-
tive Medicine, 33(6), 613–621. http://dx.doi.org/10.1006/
pmed.2001.0935

Peto, R., Darby, S., Deo, H., Silcocks, P., Whitley, E., & Doll, 
R. (2000). Smoking, smoking cessation, and lung can-
cer in the UK since 1950: Combination of national sta-
tistics with two case-control studies. British Medical 



414

REVIEW GOMEZ and LoBIONDO-WOOD

Journal, 321(7257), 323–329. http://dx.doi.org/10.1136/
bmj.321.7257.323

Pleis, J. R., Ward, B. W., & Lucas, J. W. (2010). Summary 
health statistics for U.S. adults: National Health Inter-
view Survey, 2009. Vital and Health Statistics, Series 10, 
December, 1–207. 

Schnoll, R. A., Bradley, P., Miller, S. M., Unger, M., Babb, J., & 
Cornfeld, M. (2003). Psychological issues related to the 
use of spiral CT for lung cancer early detection. Lung 
Cancer, 39(3), 315–325. http://dx.doi.org/10.1016/S0169-
5002(02)00501-9

Schnoll, R. A., Miller, S. M., Unger, M., McAleer, C., Halb-
herr, T., & Bradley, P. (2002). Characteristics of female 
smokers attending a lung cancer screening program: A 
pilot study with implications for program development. 
Lung Cancer, 37(3), 257–265. 

Siegel, R., Naishadham, D., & Jemal, A. (2013). Cancer statis-
tics, 2013. CA: A Cancer Journal for Clinicians, 63, 11–30. 
http://dx.doi.org/10.3322/caac.21166

Stead, L. F., Bergson, G., & Lancaster, T. (2008). Physician 
advice for smoking cessation. Cochrane Database of 
Systematic Reviews, Issue 2, CD000165. http://dx.doi.
org/10.1002/14651858.CD000165.pub3

Studts, J. L., Ghate, S.R., Gill, J. L., Studts, C.R., Barnes, C.N., 
LaJoie, A. S.,...LaRocca, R. V. (2006). Validity of self-re-
ported smoking status among participant in lung cancer 
screening trial. Cancer Epidemiology Biomarker Preven-
tion, 15(10), 1825–1828. http://dx.doi.org/10.1158/1055-
9965.EPI-06-0393

Styn, M. A., Land, S. R., Perkins, K. A., Wilson, D. O., Romkes, 
M., & Weissfeld, J. L. (2009). Smoking behavior 1 year af-
ter computed tomography screening for lung cancer: Ef-
fect of physician referral for abnormal CT findings. Cancer 
Epidemiology, Biomarkers & Prevention, 18(12), 3484–3489. 

http://dx.doi.org/10.1158/1055-9965.EPI-09-0895
Taylor, K. L., Cox, L. S., Zincke, N., Mehta, L., McGuire, C., & 

Gelmann, E. (2007). Lung cancer screening as a teach-
able moment for smoking cessation. Lung Cancer, 56(1), 
125–134. http://dx.doi.org/10.1016/j.lungcan.2006.11.015

Townsend, C. O., Clark, M. M., Jett, J. R., Patten, C. A., Schro-
eder, D. R., Nirelli, L. M.,...Hurt, R. D. (2005). Relation 
between smoking cessation and receiving results from 
three annual spiral chest computed tomography scans 
for lung carcinoma screening. Cancer, 103(10), 2154–2162. 
http://dx.doi.org/10.1002/cncr.21045

van der Aalst, C. M., de Koning, H. J., van den Bergh, K. A., 
Willemsen, M. C., & van Klaveren, R. J. (2011a). The ef-
fectiveness of a computer-tailored smoking cessation 
intervention for participants in lung cancer screening: A 
randomised controlled trial. Lung Cancer, 76(2), 204–210. 
http://dx.doi.org/10.1016/j.lungcan.2011.10.006

van der Aalst, C. M., van den Bergh, K. A., Willemsen, M. C., de 
Koning, H. J., & van Klaveren, R. J. (2010). Lung cancer 
screening and smoking abstinence: 2 year follow-up data 
from the Dutch–Belgian randomised controlled lung 
cancer screening trial. Thorax, 65(7), 600–605. http://
dx.doi.org/10.1136/thx.2009.133751

van der Aalst, C. M., van Klaveren, R. J., van den Bergh, K. A., 
Willemsen, M. C., & de Koning, H. J. (2011b). The impact of 
a lung cancer computed tomography screening result on 
smoking abstinence. European Respiratory Journal, 37(6), 
1466–1473. http://dx.doi.org/10.1183/09031936.00035410

Wingo, P. A., Ries, L. A., Giovino, G. A., Miller, D. S., Rosenberg, 
H. M., Shopland, D. R.,...Edwards, B. K. (1999). Annual re-
port to the nation on the status of cancer, 1973-1996, with 
a special section on lung cancer and tobacco smoking. 
Journal of the National Cancer Institute, 91(8), 675–690. 
http://dx.doi.org/10.1093/jnci/91.8.675

USING QR BARCODES
The Quick Response (QR) barcodes found in this issue of JADPRO will connect readers to further information about the 
articles they are reading. These barcodes can be read by any mobile device with a camera, barcode–scanning software, and 
internet access. Some devices come with the software preinstalled; if not, visit your device’s application store (such as the 
iTunes Store or the Android Market) and download the code-reading software of your choice.

 When you see a code that you would like to scan, start 
your code-reading application.

Position your device in front of the code so that it fills 
about half your screen.

The code will scan automatically.

 If the scan is successful, you will be rerouted to the 
targeted link.


