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Urinary Cotinine Is as Good a Biomarker as Serum
Cotinine for Cigarette Smoking Exposure and Lung
Cancer Risk Prediction
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ABSTRACT
◥

Background: Cotinine is a metabolite of nicotine. Serum and
urinary cotinine are validated biomarkers for cigarette exposure.
Their performance for lung cancer risk prediction has not been
simultaneously examined in epidemiologic studies.

Methods: A nested case–control study, including 452 incident
lung cancer cases and 452 smoking-matched controls in the
Shanghai cohort study, was conducted. Mass spectrometry–based
methods were used to quantify cotinine in serum and urine samples
collected from current smokers at baseline, on average 10 years
before cancer diagnosis of cases. Logistic regression was used to
estimate ORs, 95% confidence intervals (CI), and AUC ROC for
lung cancer associated with higher levels of cotinine.

Results: Serum and urinary cotinine levels were significantly
higher in lung cancer cases than controls. Comparedwith the lowest

quartile serum cotinine (�0.40 nmol/mL), theORof lung cancer for
smokers in the highest quartiles (>1.39 nmol/mL) was 5.46 (95%CI,
3.38–8.81). Similarly, the OR was 5.49 (95% CI, 3.39–8.87) for
highest (>16.38 nmol/mg creatinine) relative to the lowest quartile
of urinary total cotinine (�4.11 nmol/mg creatinine). A risk
prediction model yielded an AUC of 0.72 (95% CI, 0.69–0.75) for
serum cotinine and 0.72 (95% CI, 0.69–0.75) for urinary total
cotinine combined with smoking history.

Conclusions: Urinary and serum cotinine have the same
performance in prediction of lung cancer risk for current
smokers.

Impact: Urinary cotinine is a noninvasive biomarker that can
replace serum cotinine in risk prediction of future lung cancer
risk for current smokers.

Introduction
Lung cancer is the leading cause of cancer-related mortality in the

United States and worldwide (1, 2). Cigarette smoking accounts for up
to 90% of lung cancer–related deaths (3). Patients diagnosed with
localized lung cancer have a 5-year survival of 56% compared with less
than 5% for those diagnosed withmetastatic lung cancer (4). However,
only 16% of lung cancers are localized and 57% are metastatic at initial
diagnosis (4). The National Lung Screening Trial showed that yearly
low-dose CT resulted in increased detection of early stage lung cancer
and significantly decreased lung cancer–related mortality by 20% in
current and former smokers based on their self-reported smoking
history (5). An objective biomarker for smoking exposure may

increase the precision in identifying high-risk smokers for lung cancer
screening and early detection.

Cotinine is a major metabolite of nicotine, the primary addictive
agent in cigarette smoke (6). While nicotine itself is not a carcinogen,
the quantity of nicotine intake and the metabolism of nicotine can
influence or provide an indication of smoking behaviors such as
smoking intensity, frequency, and the depth of inhalation by smokers,
which contribute to their risk variation of lung cancer (7). In large
epidemiologic studies, serum cotinine has been shown to be associated
with risk of lung cancer incidence (8, 9). We have shown previously
that among multiple cigarette smoke biomarkers including urinary
tobacco-specific nitrosamine N-Nitrosonornicotine (NNN), 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL), and phenan-
threne tetraol (PheT), urinary total cotinine was the strongest inde-
pendent predictor of lung cancer risk (7, 10, 11). However, the
performance of urinary cotinine in lung cancer risk prediction has
not been directly compared with that of serum cotinine in prospective
studies. Utilizing the resources of the Shanghai cohort study, the
objective of this analysis is to simultaneously examine the associations
of serum and urinary cotinine with risk of lung cancer, as well as their
performance in lung cancer risk prediction.

Materials and Methods
Subjects

This analysis was based on two previous investigations for urinary
and serum biomarkers and risk of lung cancer (9, 10). The original
source of study subjects was the Shanghai cohort study, a prospective
cohort of 18,244 male residents in the city of Shanghai, China when
they were 45–64 years old at enrollment during 1986 through
1989 (12, 13). In addition to in-person interviews for information on
use of tobacco and alcohol, we collected a 10-mL random nonfasting
blood sample and a single-void urine specimen from each of
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participants at baseline. We collected both blood and urine samples
from study participants at the same time, mostly between 5 pm and 9
pm. The Shanghai cohort study has been approved by the Institutional
Review Boards at the Shanghai Cancer Institute (Shanghai, China) and
the University of Pittsburgh (Pittsburgh, PA).

Nested case–control study
The detail of the nested case–control study of lung cancer within the

Shanghai cohort study was reported previously (10). Briefly, identi-
fication of incident lung cancer cases and deaths was accomplished
through annual in-person repeat interviews of all surviving cohort
members or next-of-kin of deceased participants, supplemented with
routine review of reports from the population-based Shanghai Cancer
Registry (for cancer) and from the Shanghai Municipal Vital Statistics
Office (for death). As of December 31, 2006, 706 cohort participants
developed lung cancer.

Among them, 574 were current smokers at the time of biospecimen
collection who were eligible for the urinary tobacco smoke biomarkers
and lung cancer study (10). For each case, one control subject was
randomly chosen from all eligible ones within the cohort who were
current smokers at biospecimen collection, free of cancer, and alive at
the time of cancer diagnosis of the index case. Controls were matched
to the index case by age at enrollment (�2 years), date of biospecimen
collection (�1month), and neighborhood of residence at recruitment.

Laboratory measurements
All serum and urine samples of selected cases and controls were

retrieved from the biospecimen bank. To reduce the number of freeze/
thaw cycles per sample, multiple aliquots of serum and urine samples
were made for each subject, respectively. One aliquot of urine and one
aliquot of serum samples were chosen for laboratory assays of bio-
markers included in this study. The serum or urine aliquots of each
case–control pair were placed next to each other, respectively, so that
the laboratory tests for cotinine in serum or urine from the index case
and his matched control were conducted in the same batch. The
laboratory personnel were blind to the case/control status of the test
samples.

Total cotinine in urine, after treated with b-glucuronidase, was
quantified using a validated gas chromatography–mass spectrometry
method at University of Minnesota (Minneapolis, MN; ref.14). Free
cotinine in serum was quantified using the LC/MS-MS at BEVITAL
Laboratory (www.bevital.no; ref. 15), as part of the Lung Cancer
Cohort Consortium (LC3; refs. 9, 16). The detection limit of total
cotinine in urine and free cotinine in serum was 9 pmol/mL and
1 pmol/mL, respectively. The intraday coefficients of variation (CV) of
both assays was <3% and interday CVs < 6% (9, 10). Urinary creatinine
was assayed by Fairview-University Medical Center Diagnostic
Laboratories with a Kodak Ektachem 500 chemistry analyzer.

There were 574 matched case–control pairs of smokers with
available urinary total cotinine measurement (10). Among them,
454 pairs were selected for the LC3 study based on availability of
serum samples, and two pairs were excluded due to failed assays. This
analysis included 452 case–control pairs with available data on both
serum and urinary cotinine.

Statistical analysis
Serum cotinine was expressed in nmol/mL and urinary cotinine in

nmol/mg creatinine to adjust for differences in water contents in spot
urine samples of individual subjects. Because of the skewness of their
distributions toward higher values, themedian and interquartile values
[i.e., the 25th percentile (P25) – the 75th percentile (P75)] of serum and

urinary cotinine are presented. The Spearman correlation coefficients
(r) were calculated for correlation between serum andurinary cotinine.
The c2 test and Wilcoxon non-parametric testing were used to
compare distributions of categorical variables between lung cancer
cases and controls. For statistical analysis for continuous values, the
logarithmically transformed values of serum and urinary cotininewere
used, and their geometricmeans and 95% confidence intervals (CI) are
presented. ANOVA method was used to examine the differences in
geometric means of both serum and urinary cotinine across varying
number of cigarettes per day.

Conditional logistic regression models were used to calculate ORs
and their corresponding 95% CIs and P values. For both urinary and
serum cotinine, participants were grouped into quartiles based on
the distribution of each cotinine measurement among all controls.
Multivariable models for the associations for serum and urinary
cotinine with lung cancer risk were adjusted for body mass index
(BMI), number of cigarettes per day, and number of years of smoking.
The linear trend test for the associationswas based onordinal values (0,
1, 2, and 3) of cotinine quartile categories.

To evaluate the performance of serum and urinary cotinine in
prediction of lung cancer risk, various nested multivariate conditional
logistic regression models were developed and their log-likelihood
ratio (LLR) test statistics were compared. In addition, we calculated the
AUC ROC for both serum and urinary cotinine with and without
number of cigarettes per day and years of smoking to classify parti-
cipant's lung case/control status.

Statistical analyses were implemented with SAS Software (version
9.3; SAS Institute). All P values reported are two-sided, and those that
were less than 0.05 were considered to be statistically significant.

Results
The median (P25 – P75) age of patients at lung cancer diagnosis was

67.6 (63.3–72.3) years and the corresponding figures for controls at the
time of cancer diagnosis of index cases was 67.4 (63.5–71.9) years. The
median (P25 – P75) time interval from baseline biospecimen collection
to lung cancer diagnosis was 10.2 (5.8–14.8) years.

The distributions of education level and number of alcoholic drinks
per week were comparable between lung cancer cases and controls
(Table 1). Controls had slightly highermedian BMI (kg/m2) than cases
(P ¼ 0.011). Lung cancer cases reported greater number of cigarettes
smoked per day and greater number of years of smoking, and had
significantly higher concentrations of serum and urinary cotinine than
controls at baseline.

Both serum and urinary cotinine increased with increasing number
of cigarettes per day in both cases and controls. Among controls, the
geometric means (95% CIs) of serum free cotinine for <10, 10–<20,
and 20þ cigarettes per day were 0.27 (0.20–0.35), 0.58 (0.49–0.69), and
0.95 (0.85–1.06) nmol/mL, respectively (P < 0 0.001). The correspond-
ing geometric means (95% CIs) of urinary total cotinine were 2.6 (1.8–
3.6), 6.7 (5.6–7.9), and 10.5 (9.4–11.9) nmol/mg creatinine (P < 0.001).
No significant association was observed between geometric mean of
either serum or urinary cotinine and number of years of cigarette
smoking (both P's� 0.15). Urinary total cotinine concentrations were
highly correlated with serum free cotinine (r¼ 0.85; P < 0.001; Fig. 1).
High BMI was moderately associated with lower concentrations of
serum cotinine (r¼�0.22; P < 0.001) or urinary cotinine (r¼�0.21;
P < 0.001) after adjustment for number of cigarettes per day.

Cotinine levels in either serum or urine was associated with
significantly increased risk of lung cancer (Table 2). Compared with
the lowest quartile, the ORs (95% CIs) for lung cancer in the highest
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quartile of serum and urinary cotinine were 5.46 (3.38–8.81) and 5.49
(3.39–8.87), respectively, before adjustment for number of cigarettes
per day and years of smoking, and 3.36 (2.00–5.64) and 3.66 (2.18–
6.14) after adjustment for smoking history variables (all Ptrend < 0.001).
Further adjustment for other tobacco biomarkers including NNAL,
PheT, and the nicotine metabolizer status did not materially change
the association between serum or urinary cotinine levels and lung
cancer risk (data not shown).

Table 3 shows the LLR test statistics for various nested conditional
logistic regression models that included BMI, number of cigarettes,

and years of smoking only (M0), plus serum cotinine alone (M1), or
urinary cotinine alone (M2) or both (M3). Compared with base model
(M0), addition of serum cotinine (M1) or urinary cotinine (M2)
significantly improved the goodness-of-fit (both P's < 0.001). When
comparing M3 with either M1 or M2, the improvement of goodness-
of-fit measured by the net difference in LLRs was statistically signif-
icant for urinary cotinine but not for serum cotinine (Table 3). The
same conclusion was drawn for modelling on continuous values of
serum and/or urinary cotinine for lung cancer risk (data not shown).
The lung cancer risk predication model yielded the same AUC for
serum cotinine (0.67; 95%CI, 0.64–0.70) as urinary cotinine (0.67; 95%
CI, 0.63–0.70).With addition of number of cigarettes per day and years
of smoking, these risk prediction models also produced the identical
AUCs for serum and urinary cotinine (AUC ¼ 0.72; 95% CI, 0.69–
0.75). Addition of either serum or urinary cotinine to the model with
number of cigarettes per day and years of smoking (AUC¼ 0.68; 95%
CI, 0.64–0.71) significantly increased AUCby 0.04 (95%CI, 0.02–0.06;
P ¼ 0.001; Fig. 2A and B).

Discussion
Our study demonstrates that cotinine concentrations in serum and

urine samples collected from free living smokers significantly
improved over a model on risk of lung cancer on the basis of self-
reported number of cigarettes per day and years of smoking. The
association between cotinine measurements in either urine or serum
after adjustment for cigarettes per day and years smoking show that the
cotinine biomarker measurement remained statistically significant,
suggesting that cotinine may provide additional information on self-
reported smoking history for determination of individual smoker's
lung cancer risk. Additional adjustment for nicotinemetabolizer status
determined by CYP2A6 genotype (17) and other cigarette smoke
constituent metabolites including NNAL and PheT (10) did not
materially change the association between serum or urinary cotinine
and lung cancer risk. The prediction of future lung cancer risk by either

Table 1. Demographic and lifestyle characteristics of lung cancer
cases and controls among current smokers, the Shanghai cohort
study.

Cases Controls Pa

Total number of subjects 452 452
Level of education, n (%)

No formal education 45 (10.0) 39 (8.6) 0.192
Primary school 161 (35.6) 140 (31.0)
Secondary school 246 (54.4) 273 (60.4)

Median (25th–75th percentiles)
Age (year) 57.7 (54.3–61.3) 57.5 (54.2–61.1) 0.456
BMI (kg/m2) 21.0 (19.3–23.1) 21.6 (19.7–23.9) 0.011
No. of cigarettes per day 20 (15–20) 15 (10–20) <0.001
No. of years of smoking 37 (31–41) 33 (25–40) <0.001
No. of alcoholic drinks/
week

3.61 (0–23.33) 3.85 (0–15.76) 0.374

Urinary cotinine
(nmol/mg creatinine)

15.1 (9.7–21.5) 9.1 (4.1–16.4) <0.001

Serum cotinine (nmol/mL) 1.32 (0.92–1.79) 0.84 (0.40–1.39) <0.001

Abbreviation: No., number.
aDerived from Wilcoxon non-parametric test (for medians) or x2 (for frequen-
cies) statistics.
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Figure 1.

Scatter plot for serum cotinine concentration (nmol/mL) by urinary cotinine
concentration (nmol/mg creatinine) among all smoking controls in the Shanghai
cohort study.

Table 2. Association between cotinine concentrations in quartile
and risk of lung cancer among current smokers, the Shanghai
cohort study.

Biomarker in
quartile

No. of
cases

No. of
controls OR (95% CI)a OR (95% CI)b

Serum cotinine in quartile (nmol/mL)
1st (�0.40) 31 113 1.00 (reference) 1.00 (reference)
2nd (0.40–0.84) 62 113 1.83 (1.09–3.07) 1.44 (0.83–2.50)
3rd (0.84–1.39) 154 113 4.32 (2.66–7.02) 2.96 (1.74–5.04)
4th (>1.39) 205 113 5.46 (3.38–8.81) 3.36 (2.00–5.64)
Ptrend <0.001 <0.001

Urinary total cotinine in quartile (nmol/mg creatinine)
1st (�4.11) 29 113 1.00 (reference) 1.00 (reference)
2nd (4.11–9.15) 66 113 2.08 (1.23–3.53) 1.75 (1.00–3.07)
3rd (9.15–16.38) 159 113 4.52 (2.79–7.31) 3.49 (2.07–5.88)
4th (>16.38) 198 113 5.49 (3.39–8.87) 3.66 (2.18–6.14)
Ptrend <0.001 <0.001

Abbreviation: No., number.
aORs were derived from conditional logistic regression models that retained
case–control pairs, ofwhich controlswerematched to the index cases on current
smoking status, age, neighborhood of residence, and year andmonth of sample
collection. Models were adjusted for BMI.
bFurther adjusted for number of cigarettes per day and number of years of
smoking.
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serum or urinary cotinine or both for current smokers can be on
average 10 years before clinical diagnosis. In addition, the performance
of risk prediction for lung cancer by urinary cotinine was identical to
that by serum cotinine.Ours is thefirst study to provide direct evidence
in support of urinary cotinine to be as good a predictor as serum
cotinine for prediction of lung cancer risk. Our results suggest that
noninvasive urine-based cotinine can replace blood-based cotinine for
prediction of disease risk, and may be beneficial to future studies and
clinical care because it ismuch easier for the collection of urine samples
than blood samples, resulting in a higher level of patient compliance.

The associations between blood/circulating or urinary cotinine and
lung cancer risk have been examined in previous epidemiologic
studies. In a nested case–control study of lung cancer involving
1,741 lung cancer cases and 1,741 matched controls in a Norwegian
population, increasing levels of serum cotinine, which was measured
using a qualitative immunoassay, was associated with significantly
increased risk of lung cancer (8). That study included never, former,
and current cigarette smokers, as well as users of other tobacco
products, but smoking status was not matched between cases and
controls. TheOR for lung cancer for the highest level of serum cotinine
(�378 ng/mL or �2.33 nmol/mL) was 55.1 (95% CI, 35.5–85.0)
compared with the lowest level (�5.0 ng/mL or 0.03 nmol/mL),
most of which were nonsmokers. In a recent report based on the
international LC3 involving 5,364 lung cancer cases and 5,364
smoking-matched controls from 20 prospective cohorts worldwide
including our study, increasing level of circulating cotinine measured
by LC/MS-MSwas significantly associated with increasing lung cancer
risk. Among all self-reported current smokers (2,519 case–control
pairs), OR for lung cancer in the highest level of circulating cotinine
(�2.500 nmol/mL) was 4.15 (95% CI, 2.59–6.66) compared with the
lowest cotinine (�0.115 nmol/mL; ref. 9). We previously reported that
compared with the lowest tertile (<5.85 nmol/mg creatinine), the
highest tertile of urinary total cotinine (�13.65 nmol/mg creatinine)
was associatedwith amore than 6-fold increase in lung cancer risk (OR
¼ 6.40; 95% CI, 4.36–9.43; ref. 10). However, no large epidemiologic
studies have examined simultaneously the associations for serum and
urinary cotinine with lung cancer risk.

Studies for the development of methodology for cotinine measure-
ment have shown that the correlation coefficient between circulating
and urinary cotinine was higher (r > 0.90) in more restricted settings
for blood and urine sample collection (18) than in less controlled
setting (r ¼ 0.70–0.82; refs. 19–21). Our study, in which serum and
urine samples were randomly collected from current smokers, pro-
duced a correlation coefficient of 0.85, similar to those of previous
studies with less controlled setting for biospecimen collection.

Our study has several strengths. The prospective study design
established a temporal relationship between serum and urinary
cotinine and risk of lung cancer. A relatively large sample size

Table 3. LLR test for various conditional logistic regression models in prediction of lung cancer risk with serum and/or urinary cotinine,
the Shanghai cohort study.

Global test Compared to base model
Net effect of serumor urinary
cotinine (M3 vs. M1 or M2)

Model Additional variables to the base model LLR df P LLR df P LLR df P

M0 Base modela 105.97 3 <0.001 Ref — — — — —

M1 Serum cotinine in quartile 139.84 6 <0.001 33.87 3 <0.001 4.99 3 0.173
M2 Urinary total cotinine in quartile 143.42 6 <0.001 37.45 3 <0.001 8.57 3 0.036
M3 Serum and urinary cotinine in quartile 148.41 9 <0.001 42.45 6 <0.001 — — —

aIncluding BMI (kg/m2), number of cigarettes per day, and number of years of smoking.
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AUCs for classification of lung cancer status by different risk prediction models.
Serum cotinine with and without smoking history variables (cigarettes per day
and years smoked; A), and urinary total cotinine with and without smoking
history variables (B).
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produced robust estimates of relative risk and risk prediction for
lung cancer. Biospecimens for cotinine measurement were collected
an average 10 years prior to lung cancer diagnosis, minimizing the
potential change of smoking behavior and nicotine metabolism due
to the progression and/or subclinical symptom of lung cancer. Both
serum and urine samples were collected at the same baseline visit,
allowing us to directly compare their performance on lung cancer
risk prediction. In addition, the collection of biospecimens usually
took place between 5 pm and 9 pm for most participants. This
consistency in the timing of the day for the collection of biospeci-
mens, although not fasting, may capture very well the total nicotine
intake from tobacco use during the past 12–16 waking hours given a
half-life for cotinine of 16–19 hours (22), so that the intraindividual
variability in cotinine concentration would be minimized. This
study also has several limitations. Biospecimens were only collected
once at baseline, which might not represent the long-term nicotine
intake from cigarette smoking. Such misclassification usually
resulted in an association toward null, thus the magnitude of the
association between serum or urinary cotinine and lung cancer risk
observed may be underestimated. Another limitation is that the
study included only men, so our results may not be directly
applicable to women, given that circulating cotinine produced a
lower integrated AUC in women than in men in the recent report
from LC3 (9). A separate study is needed for serum versus urinary
cotinine in prediction of lung cancer risk for women. In addition in
the LC3 study, Pheterogeneity in the cotinine–lung cancer risk asso-
ciation among different regions was significant (P ¼ 0.02; ref. 9),
suggesting that our results from this Chinese population may not be
generalizable to U.S. or European populations. Given a large ethnic
variation in the genetic polymorphisms of CYP2A6 (23), the main
gene that metabolizes nicotine, additional studies in different
populations are warranted to replicate our findings before they
could be clinically used for screening and identification of smokers
at high risk of lung cancer.

In summary, our study demonstrates that urinary cotinine was
highly correlated with serum cotinine in randomly collected biospeci-
mens from free living smokers. Both serum and urinary cotinine had
the same performance in risk assessment and risk prediction of future
lung cancer risk for current smokers. As a noninvasive biomarker,

urinary cotininemay replace serum cotinine to stratify smokers at high
or low risk of lung cancer.

Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Disclaimer
Where authors are identified as personnel of the International Agency for Research

on Cancer/World Health Organization, the authors alone are responsible for the
views expressed in this article and they do not necessarily represent the decisions,
policy, or views of the International Agency for Research on Cancer/World Health
Organization.

Authors’ Contributions
Conception and design: C.E. Thomas, M. Johansson, J.-M. Yuan
Development of methodology: C.E. Thomas, P.M. Ueland, �. Midttun
Acquisition of data (provided animals, acquired and managed patients, provided
facilities, etc.): S.E. Murphy, P.M. Ueland, �. Midttun, M. Johansson, Y.-T. Gao,
J.-M. Yuan
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): C.E. Thomas, R. Wang, M. Johansson, J.-M. Yuan
Writing, review, and/or revision of the manuscript: C.E. Thomas, R. Wang,
S.E. Murphy, P.M. Ueland, �. Midttun, P. Brennan, M. Johansson, Y.-T. Gao,
J.-M. Yuan
Administrative, technical, or material support (i.e., reporting or organizing data,
constructing databases): J. Adams-Haduch, M. Johansson, Y.-T. Gao
Study supervision: M. Johansson, Y.-T. Gao, J.-M. Yuan

Acknowledgments
The authors thank Ms. Xue-Li Wang of the Shanghai Cancer Institute for

supervising the field work of the Shanghai Cohort Study. We also thank the Shanghai
Cancer Registry for assistance with identification of cancer outcomes in the Shanghai
Cohort Study. The Shanghai Cohort Study was supported by the NCI grant no.
R01CA1144034 andUM1CA182876, and the LungCancer Cohort Consortium (LC3)
by NCI grant no. 1U01CA155340. Research reported in this article was supported by
the NCI of the NIH under award number T32CA186873.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received June 7, 2019; revised August 1, 2019; accepted October 29, 2019;
published first November 4, 2019.

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer

statistics 2018: GLOBOCAN estimates of incidence andmortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin 2018;68:394–424.

2. Centers for Disease Control and Prevention. Lung cancer statistics. Available
from: https://www.cdc.gov/cancer/lung/statistics/index.htm.

3. Centers for Disease Control and Prevention. What are the risk factors for lung
cancer? Available from: https://www.cdc.gov/cancer/lung/basic_info/risk_fac
tors.htm.

4. National Cancer Institute. Surveillance, Epidemiology, and End Results Pro-
gram. Cancer stat facts: lung and bronchus cancer. Available from: https://seer.
cancer.gov/statfacts/html/lungb.html.

5. National Lung Screening Trial ResearchTeam, AberleDR, AdamsAM, BergCD,
Black WC, Clapp JD, et al. Reduced lung-cancer mortality with low-dose
computed tomographic screening. N Engl J Med 2011;365:395–409.

6. Benowitz NL. Biomarkers of environmental tobacco smoke exposure.
Environ Health Perspect 1999;107:349–55.

7. Hecht SS, Murphy SE, Stepanov I, Nelson HH, Yuan JM. Tobacco smoke
biomarkers and cancer risk among male smokers in the Shanghai cohort study.
Cancer Lett 2013;334:34–8.

8. Boffetta P, Clark S, ShenM,Gislefoss R, Peto R, AndersenA. Serum cotinine level
as predictor of lung cancer risk. Cancer Epidemiol BiomarkPrev 2006;15:1184–8.

9. Larose TL, Guida F, Fanidi A, Langhammer A, Kveem K, Stevens VL, et al.
Circulating cotinine concentrations and lung cancer risk in the Lung Cancer
Cohort Consortium (LC3). Int J Epidemiol 2018;47:1760–71.

10. Yuan JM, Gao YT, Murphy SE, Carmella SG, Wang R, Zhong Y, et al. Urinary
levels of cigarette smoke constituent metabolites are prospectively associated
with lung cancer development in smokers. Cancer Res 2011;71:6749–57.

11. Yuan JM, Gao YT, Wang R, Chen M, Carmella SG, Hecht SS. Urinary levels of
volatile organic carcinogen and toxicant biomarkers in relation to lung cancer
development in smokers. Carcinogenesis 2012;33:804–9.

12. Ross RK, Yuan JM, Yu MC,Wogan GN, Qian GS, Tu JT, et al. Urinary aflatoxin
biomarkers and risk of hepatocellular carcinoma. Lancet 1992;339:943–6.

13. Yuan JM, Ross RK, Wang XL, Gao YT, Henderson BE, Yu MC. Morbidity and
mortality in relation to cigarette smoking in Shanghai, China. A prospectivemale
cohort study. JAMA 1996;275:1646–50.

14. Murphy SE, Park S-SL, Thompson EF, Wilkens LR, Patel Y, Stram DO, et al.
Nicotine N-glucuronidation relative to N-oxidation and C-oxidation and
UGT2B10 genotype in five ethnic/racial groups. Carcinogenesis 2014;35:2526–33.

15. Midttun�, Hustad S,Ueland PM.Quantitative profiling of biomarkers related to
B-vitamin status, tryptophanmetabolism and inflammation in humanplasma by
liquid chromatography/tandem mass spectrometry. Rapid Commun Mass
Spectrom 2009;23:1371–9.

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 29(1) January 2020 131

Urinary Cotinine as a Predictor of Lung Cancer Risk

on March 26, 2020. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst November 4, 2019; DOI: 10.1158/1055-9965.EPI-19-0653 

https://www.cdc.gov/cancer/lung/statistics/index.htm
https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
https://www.cdc.gov/cancer/lung/basic_info/risk_factors.htm
https://seer.cancer.gov/statfacts/html/lungb.html
https://seer.cancer.gov/statfacts/html/lungb.html
https://seer.cancer.gov/statfacts/html/lungb.html
http://cebp.aacrjournals.org/


16. Fanidi A, Muller DC, Yuan JM, Stevens VL, Weinstein SJ, Albanes D, et al.
Circulating folate, vitamin B6, and methionine in relation to lung cancer risk
in the Lung Cancer Cohort Consortium (LC3). J Natl Cancer Inst 2018;110:
57–67.

17. Yuan JM, Nelson HH, Butler LM, Carmella SG,Wang R, Kuriger-Laber JK, et al.
Genetic determinants of cytochrome P450 2A6 activity and biomarkers of
tobacco smoke exposure in relation to risk of lung cancer development in the
Shanghai Cohort Study. Int J Cancer 2016;138:2161–71.

18. Hill P,MarquardtH. Plasma and urine changes after smoking different brands of
cigarettes. Clin Pharmacol Ther 1980;27:652–8.

19. Feyerabend C, Bryant AE, Jarvis MJ, Russell MA. Determination of cotinine in
biological fluids of non-smokers by packed column gas-liquid chromatography.
J Pharm Pharmacol 1986;38:917–9.

20. Vine MF, Hulka BS, Margolin BH, Truong YK, Hu PC, Schramm MM, et al.
Cotinine concentrations in semen, urine, and blood of smokers and nonsmokers.
Am J Public Health 1993;83:1335–8.

21. Willers S, Axmon A, Feyerabend C, Nielsen J, Skarping G, Skerfving S.
Assessment of environmental tobacco smoke exposure in children with asth-
matic symptoms by questionnaire and cotinine concentrations in plasma, saliva,
and urine. J Clin Epidemiol 2000;53:715–21.

22. JarvisMJ, RussellMA, BenowitzNL, Feyerabend C. Elimination of cotinine from
body fluids: implications for noninvasive measurement of tobacco smoke
exposure. Am J Public Health 1988;78:696–8.

23. Mwenifumbo JC, Myers MG, Wall TL, Lin SK, Sellers EM, Tyndale RF. Ethnic
variation in CYP2A6�7, CYP2A6�8 and CYP2A6�10 as assessed with a novel
haplotyping method. Pharmacogenet Genomics 2005;15:189–92.

Cancer Epidemiol Biomarkers Prev; 29(1) January 2020 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION132

Thomas et al.

on March 26, 2020. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst November 4, 2019; DOI: 10.1158/1055-9965.EPI-19-0653 

http://cebp.aacrjournals.org/


2020;29:127-132. Published OnlineFirst November 4, 2019.Cancer Epidemiol Biomarkers Prev 
  
Claire E. Thomas, Renwei Wang, Jennifer Adams-Haduch, et al. 
  
Cigarette Smoking Exposure and Lung Cancer Risk Prediction
Urinary Cotinine Is as Good a Biomarker as Serum Cotinine for

  
Updated version

  
 10.1158/1055-9965.EPI-19-0653doi:

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/29/1/127.full#ref-list-1

This article cites 20 articles, 2 of which you can access for free at:

  
  

  
E-mail alerts  related to this article or journal.Sign up to receive free email-alerts

  
Subscriptions

Reprints and 

  
.pubs@aacr.orgat

To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department

  
Permissions

  
Rightslink site. 
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)

.http://cebp.aacrjournals.org/content/29/1/127
To request permission to re-use all or part of this article, use this link

on March 26, 2020. © 2020 American Association for Cancer Research. cebp.aacrjournals.org Downloaded from 

Published OnlineFirst November 4, 2019; DOI: 10.1158/1055-9965.EPI-19-0653 

http://cebp.aacrjournals.org/lookup/doi/10.1158/1055-9965.EPI-19-0653
http://cebp.aacrjournals.org/content/29/1/127.full#ref-list-1
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/29/1/127
http://cebp.aacrjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


