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Abstract

Purpose—Accurate identification of tobacco use is critical to implement evidence-based 

cessation treatments in cancer patients. The purpose of this study is to evaluate the accuracy of 

self-reported tobacco use in newly diagnosed cancer patients.

Methods—Tobacco use questionnaires and blood samples were collected from 233 newly 

diagnosed cancer patients (77 lung, 77 breast, and 79 prostate cancer). Blood was analyzed for 

cotinine levels using a commercially available enzyme-linked immunosorbent assay. Patients with 

cotinine measurements exceeding 10 ng/mL were categorized as current smokers. Smoking status 

based upon cotinine levels was contrasted with self-report in current smokers, recent quitters (1 or 

less year since quit), non-recent quitters (>1 year since quit), and never smokers. Multivariate 
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analyses were used to identify potential predictors of discordance between self-reported and 

biochemically confirmed smoking.

Results—Cotinine confirmed 100 % accuracy in self-reporting of current and never smokers. 

Discordance in cotinine and smoking status was observed in 26 patients (15.0 %) reporting former 

tobacco use. Discordance in self-reported smoking was 12 times higher in recent (35.4 %) as 

compared with non-recent quitters (2.8 %). Combining disease site, pack-year history, and 

employment status predicted misrepresentation of tobacco use in 82.4 % of recent quitters.

Conclusions—Self-reported tobacco use may not accurately assess smoking status in newly 

diagnosed cancer patients. Patients who claim to have recently stopped smoking within the year 

prior to a cancer diagnosis and lung cancer patients may have a higher propensity to misrepresent 

tobacco use and may benefit from biochemical confirmation.
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Introduction

Tobacco use is a major risk factor for the development of several cancers, and evidence 

demonstrates that tobacco adversely impacts cancer treatment outcomes [1–11]. 

Unfortunately, the majority of studies evaluating the effects of tobacco use on cancer 

prognosis have relied upon retrospective chart reviews. Studies may also use inaccurate data 

because most use self-reported assessments obtained during medical consultations that do 

not use structured tobacco assessments. Retrospective reviews and non-structured 

assessments increase the risk of misrepresentation and likely underestimate the importance 

of tobacco use on treatment outcomes [12–15].

Previous studies examining the accuracy of self-reported tobacco use in general patient 

populations, using nicotine-specific biomarkers such as cotinine, suggest that discordance in 

self-reported smoking varies by gender, ethnicity, and disease type [16–18]. Very few 

studies have evaluated biochemical confirmation of self-reported tobacco use in cancer 

patients; however, data suggest that misrepresentation may occur in substantial proportions 

of cancer patients [19–21]. In a cohort of head and neck cancer patients evaluated with 

weekly self-reported assessments and serum cotinine during definitive radiotherapy or 

chemoradiotherapy, biochemical confirmation was necessary to identify 29.4 % of smokers 

during treatment [22]. Several factors may contribute to patient misrepresentation such as 

fear of being judged, aversion to health lectures, and social acceptance [18, 23, 24]. Data 

suggest that patients suffering from diseases correlated with tobacco use may experience 

increased pressure for smoking cessation and may be more likely to misrepresent their 

previous or current tobacco use [25]. Unfortunately, there is very little information on the 

accuracy of structured assessments in most cancer disease sites.

There is limited data to help establish the potential utility of biochemical confirmation in 

cancer patients. Studies delineating patients at risk for misrepresentation would be useful to 

help focus efforts in specific cancer patients rather than subjecting all cancer patients to 
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biochemical confirmation. The purpose of this study was to compare self-reported smoking 

status with biochemically confirmed tobacco using plasma cotinine analyses among newly 

diagnosed lung, breast, and prostate cancer patients and to identify potential predictors of 

misrepresentation.

Methods

The study group included 233 lung, breast, or prostate cancer patients who presented to a 

National Cancer Institute (NCI) Designated Comprehensive Cancer Center (Roswell Park 

Cancer Institute, RPCI) with a new cancer diagnosis between 2004 and 2010, and who had 

received no prior treatment for their newly diagnosed cancer. Patients voluntarily provided a 

blood specimen and self-reported tobacco use information through a structured 

epidemiologic questionnaire. All patients consented to voluntary enrollment on an 

Institutional Review Board-approved epidemiologic and biospecimen study (the RPCI Data 

Bank and Bio-Repository [DBBR] funded by NCI grant #P30 CA016056) designed to 

obtain biological samples, standardized epidemiologic information, and clinical information. 

Newly diagnosed patients voluntarily contributed a blood sample and completed a baseline 

questionnaire that obtained information including demographic factors, medical history, 

family history of cancer, physical activity, co-morbidities, food consumption, and tobacco 

use history. Of patients offered enrollment in the DBBR study, 90 % participated 

voluntarily. Quit information was based upon age of quitting, thus limiting analyses to quit 

dates within the past year versus greater than 1 year.

Of the 233 patients, 77 were lung cancer patients, 77 were breast cancer patients, and 79 

were prostate cancer patients. These disease sites were chosen to help provide a 

representation across tobacco-related (lung) as well as traditionally non-tobacco-related 

(breast, prostate) disease sites. In addition, this allowed for analysis with reasonable gender 

equity. Within each disease site group, we divided subjects into one of four groups based on 

self-reported cigarette smoking status: (1) current smoker, (2) never smoker, (3) recent quit 

(smoking cessation of 1 year or less), and (4) non-recent quit (smoking cessation of greater 

than 1 year).

The blood samples and data were procured as protected health information and de-identified 

prior to distribution for analysis. Blood samples were collected and processed to collect 

serum and plasma. After allowing the biological samples sufficient time for clotting, each 

specimen was centrifuged at 3,000 rpm for 15 min. Supernatants were automatically 

aliquoted using a MAPI robot from Cryobiosystem (Division of IMV Technologies, 

L’Aigle, France). Specimens were then deposited into color-coded 0.5-mL plastic inert 

straws. Upon completion of processing, each biospecimen was stored in −80C freezers.

Elevated levels of cotinine in biological fluids suggest that nicotine intake through tobacco 

use or exposure, and is widely recognized as a valid biochemical measure of tobacco smoke 

[26–28]. Biochemical assessment of cotinine was performed using a commercially available 

competitive binding enzyme-linked immunosorbent assay (ELISA, Calbiotech, Spring 

Valley, CA). Subjects whose sample concentrations exceeded 10 ng/mL were categorized as 

smokers and samples >100 ng/mL were reexamined at a 1:10 dilution according to product 
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guidelines. The product was independently validated by NAM, MR, and GWW with known 

dose escalated cotinine administration in control plasma samples using procedures according 

to the product manufacturer.

Descriptive statistics were calculated, and data analyses were conducted using SAS. 

Descriptive statistics were used to characterize concordance and discordance between self-

reported smoking status and cotinine validated nicotine exposure. Univariate and 

multivariate logistic regression models were used to examine the probability of a true report 

as a function of gender, race, disease site, age at time of questionnaire, age at time of starting 

tobacco use, pack years, ever use of other tobacco, ever use of nicotine replacement, 

secondhand smoke exposure at home, time between completion of questionnaire and 

collection of blood specimen, and current employment. Exact conditional methods were 

used to generate the p values in both the univariate and multivariate models. All tests were 

two-sided at level α = 0.05.

Results

Patient demographics and tobacco use characteristics are reported in Table 1. Women 

represented all breast cancer cases and 63 % of lung cancer cases. Response rates for age of 

first smoking, lifetime average cigarettes per day (and pack-year history calculation), 

lifetime average time to first cigarette, and prior quit attempts were between 96.9 and 100 % 

in current smokers, recent quitters, and non-recent quitters.

Figure 1 demonstrates false reporting rates according to disease site and tobacco use 

category. A total of 56 patients tested positive for cotinine including 100 % of self-reported 

current smokers, 15.0 % of former smokers (recent quit combined with non-recent quit), and 

0 % of never smokers. Further analysis of former smokers demonstrated that 35.4 % of self-

reported recent quitters and 2.8 % of non-recent quitters tested positive for blood cotinine at 

levels supporting active smoking. Cotinine values were 100 ng/mL or greater in 85.7 % of 

patients (range 23–1,000+) with only eight patients less than 100 ng/mL and four patients 

less than 50 ng/mL (23, 29, 47, and 48 ng/mL). None of the subjects who reported never 

smoking were found to have cotinine concentrations above 10 ng/mL.

Given the 12-fold increased rate of misrepresentation in recent quitters as compared with 

non-recent quitters, further variables were analyzed as potential predictors for 

misrepresentation in recent quitters. Table 2 presents the results of analyses examining the 

characteristics of recent quitters (n = 65) whose cotinine levels were concordant or 

discordant with self-reported smoking status. Among recent quitters, discordance with self-

reported smoking status was more common in lung cancer patients (55.6 %) compared to 

those with breast cancer (27.0 %) or prostate cancer (0 %). Univariate analysis demonstrated 

that disease site, pack-year history, and employment status predicted for misrepresentation 

of smoking status (p < 0.05). Univariate analysis of time between specimen collection and 

completion of questionnaire as a continuous variable had no effect on misrepresentation. 

Further analyses demonstrated that pack-year history (p = 0.059), disease site (p = 0.052), 

and employment (p = 0.055) were near significant multivariate predictors for 
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misrepresentation of smoking status. Combining disease site, pack-year history, and 

employment predicted misrepresentation of smoking in 82.4 % of recent quitters.

Conclusions

Data suggest that self-reported tobacco use may not accurately assess true smoking status in 

newly diagnosed cancer patients who are former smokers. Self-reported tobacco use 

assessments appear to be accurate for current and never smokers with a high degree of 

accuracy for patients who quit smoking 1 year prior to diagnosis; however, a substantial 

proportion of patients who claim to have stopped tobacco use within the past year may 

misrepresent true tobacco use. Discordance between cotinine and self-reported smoking 

status in recent quitters is observed in both lung and breast cancer patients, suggesting that 

misreporting is found in cancer sites traditionally associated with tobacco use (lung cancer) 

as well as disease sites not traditionally associated with tobacco use (breast cancer). 

However, lung cancer patients had a much higher rate of misrepresenting tobacco use as 

compared with breast or prostate cancer patients.

The potential effect of misrepresenting tobacco use in cancer patients may significantly alter 

the interpretation of clinical outcomes. Tobacco use decreases the efficacy of cancer 

treatment through increased toxicity and complications, poor compliance to cancer 

treatment, decreased quality of life, increased risk of developing second primary cancers, 

and increased risk of treatment failure [5–8, 29–34]. Through these effects, tobacco use 

decreases survival in both tobacco-related and non-tobacco-related disease sites [9, 35, 36]. 

Importantly, tobacco increases both cancer-related and non-cancer-related mortalities (such 

as cardiovascular mortality) in cancer patients [5, 36, 37], and data suggest that smoking 

cessation may improve outcomes [10, 11, 38, 39]. It is well known that inaccurate 

measurement of exposure to a risk factor, such as smoking, will lead to underestimation of 

the importance of the exposure to risk or confound assessments for other risk factors [12–

15]. Data in non-cancer patients demonstrate discordance between self-reported and 

biochemically confirmed tobacco use of between 6 and 25 % [17, 18, 23, 24]. Warren et al. 

further demonstrate that 29.4 % of smokers required biochemical confirmation to accurately 

identify tobacco use during radiotherapy for head and neck cancer. Notably, a consistent 

subgroup of patients continued to misrepresent tobacco use throughout treatment, even 

though patients were aware that biochemical confirmation was being performed [22]. 

Though several studies demonstrate and adverse effect of tobacco on outcomes in cancer 

patients [1–11, 29–39], more structured assessments and biochemical confirmation may 

confer a more substantial adverse effect of smoking on outcome. The importance of 

biochemical confirmation is exemplified by Marin et al. who demonstrate no correlation 

between self-reported tobacco use and wound complications from reconstructive surgery in 

head and neck cancer patients; however, biochemical confirmation with cotinine 

demonstrated a significant correlation between tobacco use and complications [40]. 

Collectively, these data suggest that structured smoking assessments potentially combined 

with biochemical confirmation would improve evaluations of the true associations between 

tobacco use and outcomes in cancer patients.

Morales et al. Page 5

Cancer Causes Control. Author manuscript; available in PMC 2015 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



An important observation is that misrepresentation occurs in patients from both tobacco-

related (lung) and non-tobacco-related (breast) cancer disease sites. Prior observations 

demonstrate that misrepresentation occurs in other tobacco-related disease sites. Warren et 

al. demonstrate that 29.4 % of head and neck cancer patients require biochemical 

confirmation for accurate assessment of tobacco use [22]. Cooley et al. also demonstrate that 

18.9 % of smokers misrepresent true tobacco use on follow-up evaluation [41]. The authors 

are unaware of any studies that have evaluated the accuracy of self-reported tobacco use in 

breast cancer patients, but our results demonstrate a consistent finding that misrepresentation 

occurs in patients with tobacco-related or non-tobacco-related cancers. The lack of observed 

discordance between cotinine levels and self-reported smoking status in recent quitting 

prostate cancer patients is in part explained by the paucity of recent quitters (11 patients) 

available for analysis. Additional patients included in the non-recent quit category for 

prostate patients provide evidence that some smaller proportion of non-recent quitters may 

also misrepresent true tobacco use.

Patients who stopped tobacco use within the year prior to assessment appear to be at a 

higher risk for misrepresentation. In a randomized chemoprevention trial to prevent 

recurrence in head and neck cancer patients, 39.1 % of patients who quit less than 1 year 

prior to enrollment misrepresented tobacco use as compared with 7.9 % of patients who quit 

more than 1 year prior to enrollment [42]. Our study demonstrates a similar pattern with 

higher rates of misrepresentation in cancer patients who quit less than 12 months prior to 

diagnosis (35.4 %) as compared with patients who quit more than 1 year prior to diagnosis 

(2.8 %). Collectively, these data support the hypothesis that patients who stopped tobacco 

use within the past year are at highest risk for misrepresentation.

The potential confounding effect of self-reported secondhand smoke exposure or nicotine 

replacement therapies was conducted to verify that patients exceeding the non-smoking cut-

off point were not misclassified as biochemically confirmed smokers. It is known that 

exposure to secondhand smoke increases blood cotinine concentrations [26]; however, 

exposure to secondhand smoke rarely elevates concentrations above 10 ng/mL. Jarvis et al. 

[28] support cutoff for active tobacco use at cotinine concentrations of 13 ng/mL. The 

lowest concentration of cotinine detected in this study was 23 ng/mL, suggesting that 

secondhand smoke exposure was not the primary causal factor for cotinine levels in this 

cohort of patients. Data demonstrate that NRT can elevate blood cotinine concentration 

levels to 10–20 ng/mL [27]. To evaluate patients testing between or near this range as 

potentially cotinine positive due to NRT rather than smoking, all patient samples testing 

below 30 ng/mL were analyzed for a prior history of NRT. Of the 26 biochemically 

confirmed smokers who denied current tobacco use, only one patient tested below 30 

ng/mL; however, this patient reported no NRT medication use. Notably, the range of 

cotinine levels in recent quitters was comparable to cotinine ranges in self-reported current 

smokers. Moreover, the median cotinine levels in recent quitters (167 ng/mL in lung cancer 

patients and 207 ng/mL in breast cancer patients) supported a moderate active smoking 

habit. Though longitudinal analyses were not available for these patients, these data suggest 

that the proportion of recent quitters that misrepresent tobacco use are likely making little 

concerted effort to reduce tobacco use and data further support active smoking as the 

primary source of cotinine in blood.
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There are several limitations to the data presented herein. First, study sample selection was 

based on self-reported tobacco use and is not necessarily a representative sample of all lung, 

breast, or prostate cancer in newly diagnosed cancer population. Another limitation is that 

the DBBR questionnaire asked about past exposures to secondhand smoke, ever use of other 

tobacco products, and ever use of NRT. There was no information regarding current tobacco 

exposure or use in these categories. As a result, though data suggest that cotinine levels 

exceed exposure from secondhand smoke or NRT, it is not possible to directly compare real-

time self-reported secondhand smoke exposure or NRT in this cohort. As a part of the 

DBBR cohort, samples were collected over a protracted period of time between 2004 and 

2010, thereby subjecting the accuracy of self-report to potential changes in social norms 

associated with tobacco use during this period of time. Also, blood was not obtained on the 

same day as self-reported tobacco. Thus, it is possible that the cotinine values observed 

differ from self-report because of a true change in smoking status; however, length of time 

between completion of questionnaire and blood specimen collection was not associated with 

a significant difference in rate of discordance (Table 2). Finally, there was no further 

information on recent quit status beyond information knowing that patients quit within the 

past 12 months. As a result, there were no data that could be used to assess whether 

misreporting was associated with a shorter recent quit status (such as within the past month) 

as compared with a longer recent quit status (such as 10–11 months). Additional studies will 

need to be performed to assess whether accuracy is related to a more stringent recent quit 

status definition.

In conclusion, there are three important implications of this research. First, former smokers 

are at risk for misrepresenting true tobacco use, and patients who quit within the past year 

are at highest risk for misrepresentation. Second, patients with tobacco-related or non-

tobacco-related cancers are at risk for misrepresentation, but patients with a tobacco-related 

cancer (lung cancer) may be at a higher risk of misrepresentation as compared with patients 

having a non-tobacco-related cancer. Third, combining a tobacco-related disease site with a 

10+ pack-year history and unemployed work status may be useful in the optimal 

identification of patients who would most benefit from the addition of biochemical 

confirmation to ascertain true tobacco use status. Biochemical confirmation of all cancer 

patients may not be practical, but these factors can help facilitate implementation of a useful 

strategy to more accurately identify tobacco use in cancer patients.
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Fig. 1. 
Accuracy of self-report according to disease site and tobacco use category. Median and 

range are expressed for patients with cotinine positive blood. Cot Cotinine
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Table 2

Univariate predictors of discordance between self-reported and cotinine validated smoking status among 

recent quitters (n = 65)

Variables N Patients with false report (%) p value

Gender 0.288

 Male 23 6 (26.1 %)

 Female 42 17 (40.5 %)

Race 0.233

 White 58 19 (32.8 %)

 Non-White 7 4 (57.1 %)

Disease site 0.004

 Lung 27 15 (55.6 %)

 Breast 27 8 (29.6 %)

 Prostate 11 0 (0 %)

Age at time of questionnaire 0.573

 50 or under 18 6 (33.3 %)

 Over 50 47 17 (36.2 %)

Age at starting cigarette habit 0.291

 Less than 18 38 16 (42.1 %)

 18 or older 27 7 (25.9 %)

Pack-year history 0.011

 Less than 10 10 9 (0 %)

 10–20 7 3 (42.8 %)

 More than 20 44 20 (45.5 %)

Ever history of other tobacco use 0.512

 No 52 20 (38.5 %)

 Yes 13 3 (23.1 %)

Ever use of NRT 1.000

 No 35 12 (34.3 %)

 Yes 30 11 (36.7 %)

Secondhand smoke exposure at home 1.000

 No 18 6 (33.3 %)

 Yes 47 17 (36.2 %)

Time between blood collection and return of questionnaire 0.202

 Within 2 weeks 30 8 (26.7 %)

 More than 2 weeks 35 15 (42.9 %)

Current employment 0.019

 Yes 31 6 (19.4 %)

 No 34 17 (50.0 %)
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