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      Introduction 
 The key rationale for the current research is based on the fi nd-
ings of genome-wide studies of single nucleotide polymor-
phisms in lung cancer cases and controls in Europeans and 
others of European ancestry ( Amos et al., 2008 ;  Hung et al., 
2008 ;  Thorgeirsson et al., 2008 ). Three recent studies found a 
locus in chromosome region 15q25 that was strongly associated 
with lung cancer. The association region includes genes that en-
code nicotinic acetylcholine receptor subunits (CHRNA5 and 
CHRNA3). This evidence suggests the need to examine the po-
tential contributions of nicotine itself to cancer versus the con-
founding effects of addiction and thus exposures to known 
carcinogens. 

 The three genetic studies identifi ed specifi c chromosomal 
variants associated with an increased risk for developing lung 
cancer, located on an area of chromosome 15 that contains sev-
eral genes encoding portions of nicotinic acetylcholine recep-
tors. Two of the studies found that the relationship between the 
genetic variants and the lung cancer appears to be through an 
increased susceptibility to lung cancer, possibly via one of the 
mechanisms of nicotine action listed below ( Amos et al., 2008 ; 
 Hung et al., 2008 ). The third study, however, suggested a cor-
relation between the genetic variant and both smoking quantity 
and nicotine dependence, which may in turn increase smokers ’  
risk for disease, including lung cancer ( Thorgeirsson et al., 
2008 ). Nonetheless, given that the vast majority of animal stud-
ies, including long-term nicotine exposure studies, do not indi-
cate a carcinogenic effect of nicotine, studies suggesting 
theoretical mechanisms by which nicotine might produce a 
carcinogenic effect should be considered preliminary pending 
further evidence. 

 Another rationale for the current research is based on the 
presence of signifi cant misperceptions regarding nicotine re-
placement therapy among smokers. In a survey of more than 
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1,000 adult cigarette smokers, researchers discovered that while 
more than half believe that nicotine is a cause of cancer, only 
one in three respondents surveyed believe that nicotine patches 
are safer than cigarettes ( Bansal, Cummings, Hyland, &  Giovino, 
2004 ;  Cummings et al., 2004 ). The scientifi c literature, apart 
from the above genetic studies, indicates predominantly that 
nicotine is safe ( Benowitz, 1998 ;  Fiore et al., 2008 ). Given this 
discrepancy between scientifi c and public beliefs regarding the 
risks of cigarette smoking among current smokers, understand-
ing the cancer experience among the only available long-term 
cohort of nicotine replacement therapy users may have consid-
erable implications for treatment and infl uences on cessation 
behavior. 

 There is no doubt that tobacco smoking causes cancer 
(  Anthonisen et al., 2005 ;  Samet, 2005 ). Tobacco    smoke contains 
many chemicals other than nicotine that have been clearly 
shown to be the major etiologic agents in smoking-induced 
cancers ( Hoffmann & Hoffmann, 1997 ). In tobacco, nicotine 
can be nitrosated to form nitrosamines, a group of potent 
 carcinogens ( Hecht, 1998 ; Hoffmann & Hoffmann). In animal 
studies, however, nicotine itself has repeatedly failed to show 
carcinogenic effects ( Levy & Martin, 1989 ). In one animal study, 
rats breathed in a chamber with nicotine at a concentration 
twice that found in the plasma concentration of heavy smokers 
( Waldum et al., 1996 ). Nicotine was given for 20 hr a day, 5 days 
a week over a 2-year period. The authors found no increase in 
mortality or frequency of tumors in these rats compared with 
controls. Specifi cally, there were neither microscopic nor mac-
roscopic lung tumors nor any increase in pulmonary neuroen-
docrine cells. Thus, even long-term exposure to inhaled nicotine 
at relatively high doses does not appear to have a carcinogenic 
effect. 

 Research has suggested a number of mechanisms by which 
nicotine might theoretically induce or promote carcinogenesis 
or tumor development under certain conditions. These include 
activation of Akt signaling pathways via nicotinic acetylcholine 
receptors in bronchial epithelial cells by nicotine and 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone ( West et al., 
2003 ), suppression of apoptosis ( Mai, May, Gao, Zhaohui, & 
Deng, 2003 ;  Maneckjee & Minna, 1994 ;  Sugano, Minegishi, 
Kawamoto, & Ito, 2001 ), and promotion of angiogenesis 
(  Heeschen et al., 2001 ;  Natori et al., 2004 ). 

 Furthermore, a federally funded clinical trial of about 
6,000 smokers found that nicotine gum can be used safely for 
up to 5 years without any cardiovascular illnesses or other 
serious side effects ( Murray et al., 1996 ). The 2008 U.S. Pub-
lic Health Service panel on treating tobacco use and depen-
dence also concluded that the risks of nicotine replacement 
therapy are theoretical at this point and likely to be small 
if present at all — particularly when compared with the alter-
native risk of continuing to smoke cigarettes ( Fiore et al., 
2008 ). The panel confirmed that each of the nicotine replace-
ment therapies approximately doubles a smoker ’ s chance of 
success in quitting. 

 It has been diffi cult to evaluate the effect of nicotine itself or 
nicotine replacement therapy in human carcinogenesis because 
human nicotine exposure usually comes from tobacco, which 
also delivers dozens of known carcinogens. One    exception is the 
Lung Health Study, which studied smokers with subclinical 

chronic obstructive pulmonary disease, and provided nicotine 
gum over a period of 5 years in some participants ( Murray et al., 
1996 ). The large sample size, encouragement to use nicotine re-
placement therapy over several years, and long follow-up period 
make the Lung Health Study a uniquely valuable dataset for 
providing insight into the potential effects of prolonged use of 
nicotine gum. 

 This analysis examines the risk of cancer in relation to long-
term use of nicotine replacement therapy in the Lung Health 
Study sample. We recognize the complexity of the confound 
with the cancer risk of smoking, although in the Lung Health 
Study, participants who were abstinent for the fi rst 5 years 
were likely still abstinent for the next 6 years as well ( Murray, 
 Connett, Rand, Pan, & Anthonisen, 2002 ).   

 Methods  
 Sample 
 The original Lung Health Study enrolled 5,887 participants in 
a randomized trial to investigate the possibility of preventing 
emphysema. Beginning in November of 1986, two thirds of 
participants ( n    =   3,923) were randomized to a smoking inter-
vention. For any individual participant in Lung Health 
Study 1, the duration of the study was 5 years. In    Lung Health 
Study 1, participants were encouraged to use nicotine replace-
ment therapy (Nicorette 2 mg, Marion Merrell Dow, Kansas 
City, MO) liberally for 6 months, although some continued to 
use nicotine replacement therapy well beyond that point 
( Murray, Nides, Istvan, & Daniels, 1998 ). After 2.5 years, they 
were encouraged to cease using nicotine replacement therapy. 
Lung Health Study 1 was followed by the Lung Cancer Sub-
study in May 1994. From May 1994 to April 1998, detailed 
morbidity records were obtained for cancers only. After April 
1998, consenting participants were enrolled in Lung Health 
Study 3, in which hospitalizations and emergency room visits 
were monitored for all causes until December 2001. The sub-
jects in this study are the 3,320 Lung Health Study smoking 
intervention participants with no diagnosis of cancer during 
Lung Health Study 1 who completed the fi fth annual visit in 
Lung Health Study 1 and who were enrolled in the Lung Can-
cer Substudy. Our intent was to look at cancer after the onset 
of nicotine replacement therapy. These participants comprise 
85% of the original smoking intervention group and were fol-
lowed for 7.5 years after Lung Health Study 1.   

 Design 
 This is a prospective study using available Lung Health Study 
data. Smoking and nicotine replacement therapy exposure 
are estimated over the 5 years of Lung Health Study 1, since 
that is the interval for which detailed nicotine replacement 
therapy data are available. Cancer outcomes in the Lung 
Health Study are based on both mortality and morbidity 
data. Cancer mortality data are derived from the National 
Death Index. The Lung Health Study includes documenta-
tion of cancer morbidity events that required hospitalization, 
coded by cause by a trained nosologist. Analyses that follow 
report mortality and morbidity combined. Cancer events 
were reported as hospitalizations or deaths, since that is the 
way the data were collected.   
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 Measures 
 The use of nicotine replacement therapy was measured by self-
report at 4-month visits and more frequently at visits when 
participants appeared at the clinics for a supply of nicotine re-
placement therapy. The Lung Health Study data on the use of 
nicotine replacement therapy are considered reliable, since the 
study provided participants with their supply, and in most of 
the study years, it was not otherwise available without pre-
scription. Self-report of amount of current nicotine replace-
ment therapy use at 4-month visits (expressed in pieces per 
day) until the fi fth annual visit is used in these analyses. Total 
nicotine replacement therapy exposure is taken as the mean of 
pieces per day at the fi fteen 4-month visits. Missed 4-month 
visits are counted as visits with zero nicotine replacement ther-
apy use, since none was dispensed at those times. 

 Smoking exposure during Lung Health Study 1 is calculated 
from current cigarettes per day reported at annual visits and 
 recalled months with one cigarette or more during the past 
year, also collected at annual visits. These monthly reports of 
 cigarettes per day are summed for the fi rst 5 years of the study 
and  expressed as pack-years of smoking during the study. 

 Surveillance for outcome events began immediately after 
the fi fth annual visit fi ve and continued until the end of Lung 
Health Study 3 in December of 2001. Diagnoses of cancer in this 
report are grouped into lung cancers, gastrointestinal tract can-
cers (including oral cancers), and all cancers. Gastrointestinal 
tract cancers were a main focus of the analysis based on the no-
tion that nicotine swallowed as a result of gum use provides ex-
posure in the stomach.   

 Statistical methods 
 Mean values,  SD s, and percents of covariates are presented in 
tables. Cox proportional hazards methods are used to model 
time-to-event data. Time-to-event is defi ned as the time in years 
from a time following the individual ’ s fi fth-year annual visit 
 until the fi rst occurrence of hospitalization or death due to 
lung cancer, gastrointestinal cancer, or cancer from all causes. 
Average gum pieces per day during the study and pack-years of 
cigarette smoking during the study predicted cancers in models 
adjusted by covariates: baseline age, gender, cigarettes per day, 
and lifetime pack-years of smoking. Separate models estimate 
the hazards of lung cancer, gastrointestinal cancer, and any can-
cer. Each table shows models with nicotine replacement therapy 
use, with cigarette use, and with both nicotine replacement 
therapy use and cigarette use.    

 Results 
 Baseline characteristics of study participants in the smoking in-
tervention who used some nicotine replacement therapy versus 
no nicotine replacement therapy are shown in  Table 1 . Among 
women, a signifi cant difference was found in age ( p  = .03). 
Women who used nicotine replacement therapy were older 
than those who did not use nicotine replacement therapy. 
Among men, signifi cant differences were found in baseline 
 cigarettes per day ( p  = .03) and in baseline pack-years ( p  = .03). 
Male nicotine replacement therapy users were heavier smokers 
and had a heavier history of smoking at baseline.     

 Mean ( SD ) pieces per day of nicotine replacement therapy 
during Lung Health Study 1 were as follows: at 12 months, 2.17 
(4.62) pieces per day; at 24 months, 1.96 (4.78); at 36 months, 
1.66 (4.54); at 48 months, 1.18 (3.98); and at 60 months, 0.75 
(3.20). The mean nicotine replacement therapy use over 60 
months for those who had quit smoking at the 12-month point 
in Lung Health Study 1 and remained abstinent from smoking 
at 12-month follow-ups thereafter was 1.99 (3.89) pieces per 
day. For those participants who were smoking at some annual 
follow-ups and not at others, the mean was 2.89 (3.64) pieces 
per day. For those who were smoking at all annual follow-ups, 
the mean was 0.66 (1.22) pieces per day. 

 Mean nicotine replacement therapy use over the 60 months 
of Lung Health Study 1 was distributed as follows: 0 pieces per 
day, 40.1%; 0.05 – 1.00 pieces per day, 25.5%; 1.05 – 3.00 pieces 
per day, 16.9%; and 3.05 or more pieces per day, 17.5%. The 
present study identifi ed 75 lung cancer events, 33 gastrointes-
tinal tract cancers, and 203 cancers from all causes.  Figure 1  
indicates that intervention participants who are above and be-
low the median cigarette exposure during Lung Health Study 
1 differ in the incidence of lung cancers in the 7.5 years follow-
ing (46 vs. 29 events,  p  = .03).  Figure 2  compares the survival 
of intervention participants from any diagnosis of cancer and 
does not differ between users of any nicotine replacement 
therapy versus users of no nicotine replacement therapy (133 
vs. 90 events,  p  = .72).         

  Table 2  summarizes Cox proportional hazards regression 
models predicting lung cancer after the fi fth annual visit in Lung 
Health Study 1, adjusted for age, gender, baseline cigarettes per 
day, and lifetime pack-years of smoking. Model 1 indicates no 
relationship between nicotine replacement therapy use and sub-
sequent lung cancer ( p  = .67). Model 2 indicates a signifi cant 
relationship between cigarette use during Lung Health Study 1 
and subsequent lung cancer, with an adjusted model ( p  = .03). 

 Table 1.      Baseline characteristics of the 
Lung Health Study smoking intervention 
participants who were enrolled in the Lung 
Cancer Substudy  

  Characteristics

Used nicotine 
replacement therapy 
( n    =   1,986)

Used no nicotine 
replacement therapy 
( n    =   1,329) 

  M  SD  M  SD   

  Age, years  
     Men 48.6 6.81 48.3 7.10 
     Women 48.9 6.45 48.1 * 6.66 
 Cigarettes per day  
     Men 33.2 13.1 31.9 * 13.5 
     Women 28.7 11.4 29.2 12.6 
 Cigarettes, pack-years  
     Men 43.6 20.0 41.6 * 20.1 
     Women 36.4 15.7 35.1 16.7  

    Note.  Means above are compared for participants who used nicotine 
replacement therapy vs. no nicotine replacement therapy with  t  tests. 
Percents are compared using chi-square tests.  

  *   p  < .05.   
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Model 3 has both nicotine replacement therapy use and  cigarette 
use. Nicotine replacement therapy use is still not signifi cant 
( p  = .25), and cigarette use is now clearly signifi cant ( p  = .02).     

 The models in  Table 2  were replicated including only the 
820 participants who were sustained quitters of cigarettes dur-
ing the Lung Health Study. There were 14 fatal and nonfatal 
events in this subset. The pattern of signifi cant results was 
unchanged from  Table 2 , with the exception that in Model 3, 
mean nicotine replacement therapy use was marginally signifi -
cant ( p  = .045). With the small number of events, this result was 
not regarded as particularly reliable. 

  Table 3  displays results of adjusted models with the same 
pattern of covariates as the models in  Table 2 . The difference is 
that the outcomes in  Table 3  are occurrences of gastrointestinal 
cancer rather than lung cancer. Nicotine replacement therapy 
use alone (Model 1) is not signifi cant ( p  = .61), cigarette use 
alone (Model 2) is not signifi cant ( p  = .59), and in Model 3 
where the effects of nicotine replacement therapy and smoking 
are examined together, neither is signifi cant.     

 The adjusted models for cancer from all causes are shown in 
 Table 4 . Nicotine replacement therapy use is not a signifi cant 
predictor ( p  = .94), cigarette use is also not a signifi cant predic-
tor in these data ( p  = .17), and when both of these are included 
in the same model, neither is signifi cant ( p  = .62 and  p  = .14, 
respectively).     

 The models in  Tables 2  –  4  were replicated using average 
nicotine replacement therapy use (pieces per day) during the 
study instead of the nicotine replacement therapy use dichotomy 
(results not shown). Again, nicotine replacement therapy was 
not found to be a signifi cant predictor of cancer. 

 Nicotine replacement therapy use and cigarette use are neg-
atively correlated in this study (Pearson ’ s  r  =  − .23,  p  = .0001), 
indicating that most participants used either nicotine replace-
ment therapy or cigarettes, as instructed, rather than using both 
concurrently. Pack-years of smoking during Lung Health Study 
1 are correlated with the following covariates used in the models 
in the regression tables: baseline cigarettes per day,  r  = .39, 
 p  = .0001, and lifetime pack-years,  r  = .18,  p  = .0001. Of the co-
variates in the models, only age was found to be signifi cant, and 
it was uniformly hazardous.   

 Discussion 
 In the Cox regression models predicting lung cancer, gastroin-
testinal cancer, and all cancers, smoking during Lung Health 
Study 1 predicts lung cancer, and the use of nicotine replace-
ment therapy does not. In fact, nicotine replacement therapy is 
not a signifi cant predictor in any of the models shown except in 
the small-sample model including only sustained quitters. 

 The purpose of this paper was to demonstrate whether 
there are any indicators of an association between nicotine 
replacement therapy use and subsequent cancer incidence. 
The absence in general of a relation between nicotine re-
placement therapy and cancer across the models adds cre-
dence to our conclusion that nicotine replacement therapy 
does not cause cancer. 

 Our basic question was whether nicotine replacement ther-
apy causes cancer to an extent comparable to that caused by 
smoking cigarettes. We failed to fi nd evidence of such an effect 
of nicotine replacement therapy in this study, and the sample 
size, close monitoring of the use of nicotine replacement thera-
py and cigarettes, and the well-documented outcomes of this 
study will be diffi cult for future studies to match. 

 Although we believe that the Lung Health Study offers the 
most suitable existing dataset for the demonstration of whether 
nicotine replacement therapy is carcinogenic at the population 
level, this study is hampered by several signifi cant limitations. 
There is evident confounding between historical smoking and 
current smoking and between current smoking and current 
nicotine replacement therapy use. We see continuing smokers 
having the lowest mean nicotine replacement therapy use. It is 
logical to assume that current smoking is related to smoking 
history. The demonstrated signifi cant effect of cigarette use dur-
ing the 5-year study and the hazard of lung cancer more logi-
cally represent a relationship between a history of smoking and 
a lung cancer outcome. Further, there could be a relation 

  

 Figure 1.        Survival without any diagnosis of lung cancer following 
5 years in the Lung Health Study, for participants in the Lung Cancer 
Substudy, by cigarette pack-years above and below the median (2.5) of 
pack-years of smoking in the study.    

  

 Figure 2.        Survival without any diagnosis of cancer following 5 years 
in the Lung Health Study, for participants in the Lung Cancer Sub-
study, by any versus no nicotine replacement therapy use during the 
initial study.    
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between cigarette use during the 5-year study and subsequent 
smoking, also infl uencing the hazard of lung cancer. While we 
can describe these relationships, we cannot entirely eliminate 
them from the analyses. 

 Whatever the exposure time necessary for smoking to re-
sult in cancer, it is usually not assumed to be as brief as 5 years. 
As mentioned above, we interpret that the  “ signifi cant ”  effects 
of within-study pack-years in some of our models are probably 
not the direct effect of within-study smoke exposure but rath-
er a result of confounding with baseline pack-years. The same 
reasoning, however, is not available with respect to nicotine 
replacement therapy use. There is no previous nicotine re-
placement therapy use related to Lung Health Study 1 nicotine 
replacement therapy use, since nicotine replacement therapy 
was not readily available before the Lung Health Study. This 
can serve as an alternate hypothesis consistent with our study 
fi ndings of no effect of nicotine replacement therapy on can-
cer. Little is known about the effect on cancer risk of the distri-
bution of smoking across time or of the distribution of nicotine 
replacement therapy exposure. It was therefore decided to ex-
press both of these as mean values for the 5 years of Lung 
Health Study 1, followed by surveillance of cancer events im-
mediately after the 5-year visit. 

 A further argument could be made with a statistical power 
analysis of the effect of nicotine replacement therapy use on gas-
trointestinal cancer risk. Such an analysis, however, calls for 
awkward equating of the effect size for smoking in this study 
(which is shown to be suffi cient to demonstrate signifi cance but 
likely as a surrogate for smoking history) and the required effect 
size for nicotine replacement therapy use. We will therefore re-
sort to the less satisfactory assertion that a study of suffi cient 
power to demonstrate the risk of harm from smoking has a rea-
sonable chance to demonstrate harm from nicotine replacement 

therapy, if present. However, the small number of cases and the 
likely low statistical power of the nicotine replacement therapy 
analyses provide a limit to the potential of the study to disprove 
such a relationship between nicotine replacement therapy and 
smoking, if one exists. 

 Nicotine gum provides low mean doses of nicotine relative 
to smoking. From 2 mg nicotine gum, around 1 mg is ab-
sorbed, and in our study, those participants who had quit 
smoking and remained abstinent used an average of around 2 
pieces per day over 60 months. This is a serious limitation in a 
study attempting to model nicotine replacement therapy in 
general. 

 A type of administration of nicotine that provides nico-
tine exposure more closely corresponding to that achieved 
from smoking is snus (Scandinavian moist snuff). While re-
searchers have regarded snus as a low risk alternative to 
smoking ( Foulds, Ramstrom, Burke, & Fagerström, 2003 ), re-
cent studies have reported signifi cantly increased hazards of oral 
and gastrointestinal cancers among never-smoking users of snus 
( Roosaar, Johansson, Sandborgh-Englund, Axéll, & Nyrén, 2008 ; 
 Zendehdel et al., 2007 ). These fi ndings present the possibility that 
our failure to fi nd harm from nicotine replacement therapy may 
in part be due to lower nicotine exposure associated with nicotine 
gum. 

 In a broader perspective, this type of research will be impor-
tant as a contribution to the policy discussion about the range of 
 “ harm reduction ”  options being considered for current tobacco 
users ( Hatsukami et al., 2007 ;  Pisinger & Godtfredsen, 2007 ; 
 Royal College of Physicians, 2007 ;  Stratton, Shetty, Wallace, & 
Bondurant, 2001 ). The value of the research may not only be the 
actual results but also that these types of long-term experimen-
tal and quasi-experimental studies are possible.   

 Table 2.      Proportional hazards regression predicting 75 fatal and nonfatal lung cancer events 
among 3,295 smoking intervention participants enrolled in the Lung Cancer Substudy  

  Model Coeffi cient  SE Hazard ratio 95%  CI  p  value  

  1. Mean nicotine replacement therapy use, pieces per day over 5 years .015 0.035 1.02 0.95 – 1.09 .67 
 2. Cigarette use, pack-years over 5 years .079 0.037 1.08 1.01 – 1.16 .03 
 3. Mean nicotine replacement therapy use, cigarette use during study .042 0.036 1.04 0.97 – 1.12 .25 

 .093 0.039 1.10 1.02 – 1.19 .02  

    Note.  Models are adjusted by baseline age, gender, cigarettes per day, and lifetime pack-years of smoking.   

 Table 3.      Proportional hazards regression predicting 33 fatal and nonfatal gastrointestinal 
cancer events among 3,304 smoking intervention participants enrolled in the Lung 
Cancer Substudy  

  Model Coeffi cient  SE Hazard ratio 95%  CI  p  value  

  1. Mean nicotine replacement therapy use, pieces per day over 5 years  − .032 0.063 0.97 0.86 – 1.10 .61 
 2. Cigarette use, pack-years over 5 years .029 0.054 1.03 0.93 – 1.14 .59 
 3. Mean nicotine replacement therapy use, cigarette use during study  − .035 0.084 0.97 0.82 – 1.14 .68 

 .030 0.065 1.03 0.91 – 1.17 .64  

    Note.  Models are adjusted by baseline age, gender, cigarettes per day, and lifetime pack-years of smoking.   
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