
Published OnlineFirst June 15, 2010; DOI: 10.1158/1055-9965.EPI-10-0356 
Null Results in Brief
Cancer

Epidemiology,

Biomarkers
& Prevention
Lack of Association between Human Papillomavirus Type 16
and 18 Infections and Female Lung Cancer
Aline Simen-Kapeu1, Heljä-Marja Surcel2, Pentti Koskela2, Eero Pukkala3, and Matti Lehtinen2,4
Abstract
Authors' A
Edmonton
Oulu, Finla
Epidemiolo
Public Hea

Correspon
University o
Alberta, Ca
E-mail: kap

doi: 10.115

©2010 Am

www.aacr

D

Background: A carcinogenic role of human papillomavirus (HPV) in lung cancer development has been
suggested through both clinical and laboratory research during the last two decades.

Methods: We did a population-based case-control study nested within the Finnish Maternity Cohort to
assess the role of HPV16/18 infections in female lung carcinogenesis. The Finnish Maternity Cohort contain-
ing samples from more than 600,000 subjects were linked with nationwide cancer registries (1973-2006). Se-
rum samples were retrieved from 311 women who developed lung cancer and 930 matched controls. The
samples were analyzed for antibodies to HPV types 16 and 18 and cotinine (a biomarker of tobacco exposure).
Conditional logistic regression-based estimates of odds ratios and 95% confidence intervals adjusted for co-
tinine levels were calculated.

Results: Overall, there was no evidence of increased risk of lung cancer associated with HPV 16 and 18
type–specific infections among nonsmokers and smokers, assessed via cotinine levels.

Conclusions: The question of HPV etiologic effect on lung carcinoma deserves further longitudinal studies
using different HPV detection methods.

Impact: Our results bring new insights into female HPV lung cancer research. Cancer Epidemiol Biomarkers

Prev; 19(7); 1879–81. ©2010 AACR.
Introduction

Lung cancer is the leading cause of cancer deaths
worldwide (1). Its incidence (both in females and males)
correlates with that of cervical cancer (1, 2). Smoking is
an independent risk factor for both malignancies (3),
but evidence for the involvement of human papillomavi-
rus (HPV) in lung cancer is equivocal, based primarily on
the detection of morphologic changes suggesting HPV in
bronchial carcinogenesis, expression of HPV E6 expres-
sion in HPV16/18 DNA-positive lung tumors and in vitro
transformation of bronchial epithelial cells by HPV16/18
(3, 4). Women with cervical cancer (an HPV-related cancer)
have been reported to have an increased risk of devel-
oping secondary lung tumors (5, 6), and a recent meta-
analysis suggested an association between HPV16/18
and lung tumors with odds ratios (OR) ranging from
3.5 [95% confidence interval (CI), 2.3-5.3] in Europe to
11.6 (95% CI, 9.5-14.2) in Asia (7). In our case-control
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study nested in a cohort of 650,000 Finnish women, we
found no association between HPV infection and subse-
quent risk of developing lung cancer.

Materials and Methods

Cohorts
The study base comprised the prospectively followed

Finnish Maternity Cohort that, since 1983, has stored se-
rum samples collected during the first trimester of preg-
nancy for screening of congenital infections (8).

Identification of cases and controls
All cases of lung cancer diagnosed between 1983 and

2006 in Finland, and registered at the population-based
Finnish Cancer Registry were identified. The lung cancer
cases and three controls/cases free of cancer at the time
of diagnosis were selected by incidence density sampling
and matched for age at serum sampling (±2 years) and
date of sample collection (±2 months). We identified
311 cases and 930 controls. Permissions to link and to
use the joint cohort data files were obtained from the
Finnish Ministry of Health & Welfare and the institu-
tional ethical review board.

Laboratory analyses
HPV16 and HPV18 antibodies were determined by

standard virus-like particle ELISAs, as described (9, 10).
The specificity and sensitivity of the assays varied be-
tween 95% and 99%, and 50% and 75%, respectively (11).
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Serum cotinine levels were measured using a commercial
immunoassay kit (OraSure Technologies), with a sensitiv-
ity of 96% to 97% and a specificity of 99% to 100% (9). A
cotinine level of 20 ng/mL was used as the cutoff (9, 10).

Statistical analyses
ORs and 95% CIs were estimated by conditional lo-

gistic regression with STATA 10.0 (StataCorp LP). Both
smoking-adjusted and smoking-stratified ORs were
calculated. With 20% HPV16/18 seroprevalence, our ap-
proach had at least 80% statistical power to identify sta-
tistically significant ORs (P = 0.05) ranging between 0.00
to 0.05 and 1.6 to infinity.

Results

The seroprevalence of HPV16 and HPV18 infections
among both cases and controls were 23% and 11%, re-
spectively. HPV16 and HPV18 antibodies were detected
in 19 (17%) and 10 (9%) lung cancer cases among non-
smokers and in 39 (24%) and 14 (9%) cancer cases among
smokers, respectively. The prevalence of smoking, as de-
fined by cotinine levels of ≥20 ng/mL, was 28% in the
entire population and 53% among lung cancer cases.
We found no increased risk of lung cancer associated
with HPV16 and/or HPV18 seropositivity (Table 1),
either in smoking or in nonsmoking women.

Discussion

The present study found no role for HPV, as defined by
serum cotinine levels, in female lung cancers among non-
smokers and smokers (10, 12). Our data originated from
Table 1. ORs and 95% CIs for lung cancer risk asso
HPV18 antibodies stratified and adjusted by smoking s
women in Finland

HPV seropositive No. (%)

Cases (n = 311)

Nonsmokers†

HPV16 19 (17)
HPV18 10 (9)
HPV16 and/or HPV18 22 (20)

Smokers†

HPV16 39 (24)
HPV18 14 (9)
HPV16 and/or HPV18 42 (26)

Total*
HPV16 61 (22)
HPV18 24 (9)
HPV16 and/or HPV18 67 (24)

*ORs calculated were adjusted for smoking.
†A nonsmoker was defined by cotinine levels of <20 ng/mL, a smok
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the Finnish Maternity Cohort, a large Nordic biobank,
which offered an excellent opportunity to perform sero-
logic studies aimed at verifying/disproving the role of
different factors, e.g., infectious agents, in tumor develop-
ment (8), including lung cancer (12), many years before
cancer diagnosis.
The lack of consistency between our longitudinal

study and previous studies could most likely be ex-
plained by the different study designs and HPV detec-
tion methods used. IgG anti-HPV antibodies are found
in ∼60% of women testing positive for cervical HPV
DNA (13), whereas HPV virus-like particle–based
ELISA has been important in the elucidation of the eti-
ologic role of HPV and cervical cancer (11, 14). HPV se-
ropositivity is associated with the number of sexual
partners and cytologic lesions (15). On the other hand,
detection methods for and rates of HPV DNA in lung
cancer are subject to wide variation (4). In previous
publications (4), the analyses was restricted to HPV
DNA-positive women. Furthermore, most of these stud-
ies tested for HPV DNA at only one time point, which
favored the detection of amplified HPV DNA in the
cases, and controls testing HPV-positive just once most
likely had a transient infection. This probably biased the
measured lifetime HPV exposure and the effect of HPV
infection. Such a problem does not exist for HPV-sero-
positive women because the possibility that HPV anti-
bodies wane over time is highly unlikely (16).
Smoking is such an important risk factor for lung

cancer that control of its effects is critical in the epide-
miologic assessment of etiologic cofactors. Biochemical
measurement of tobacco exposure may have induced
misclassification because questionnaire data on smoking
ciated with HPV16, HPV18, and HPV16 and/or
tatus in a population-based cohort of fertile-aged

of positive OR (95% CI)*

Controls (n = 930)

166 (24) 0.81 (0.60-1.15)
77 (11) 1.00 (0.60-1.50)

185 (27) 0.80 (0.60-1.06)

26 (17) 1.10 (0.90-1.36)
19 (13) 0.80 (0.50-1.14)
33 (22) 1.04 (0.80-1.25)

194 (23) 1.02 (0.87-1.20)
96 (11) 0.90 (0.71-1.11)

220 (26) 0.96 (0.83-1.11)

er by cotinine levels of ≥20 ng/mL.
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history would have permitted us to assess lifetime ex-
posure to tobacco smoke. On the other hand, self-
reporting underestimates the true prevalence (17),
especially in pregnant women, and is inaccurate with
regard to smoking exposure (18). Biochemical assess-
ment integrates different aspects of true exposure, in-
cluding tobacco composition, uptake, and distribution
and individual differences in metabolism. Cotinine is
a good marker of nicotine intake, which is the impor-
tant carcinogen in tobacco smoke (19).
In conclusion, we reported a lack of association be-

tween HPV16/18 infections and female lung cancer from
a large longitudinal nested case-control study.
www.aacrjournals.org

Researc
on November 2cebp.aacrjournals.org Downloaded from 
Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.
Acknowledgments

Tapio Luostarinen and Aljoona Aejmaleus are gratefully acknowledged
for their excellent contributions to this research work.

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 04/04/2010; revised 04/24/2010; accepted 04/29/2010;
published OnlineFirst 06/15/2010.
References

1. Parkin DM. Global cancer statistics 2002. Int J Cancer 2006;118:

3030–44.
2. Bosch FX, Cardis J. Cancer incidence correlations: genital, urinary

and some tobacco-related cancers. Int J Cancer 1990;46:178–84.
3. Syrjänen KJ. HPV infections and lung cancer. J Clin Pathol 2002;55:

885–91.
4. Klein F, Kotb WFM, Petersen I. Incidence of human papillomavirus in

lung cancer. Lung Cancer 2009;65:13–8.
5. Chaturvedi AK, Kleinerman RA, Hildesheim A, et al. Second cancers

after squamous cell carcinoma and adenocarcinoma of the cervix.
J Clin Oncol 2009;27:967–73.

6. Chiou HL, Wu FM, Liaw YC, et al. The presence of human papilloma-
virus type 16/18 in blood circulation may act as a risk marker. Cancer
2003;97:1558–63.

7. Srinivasan M, Taioli E, Ragin CC. Human papillomavirus type 16 and
18 in primary lung cancers—a meta-analysis. Carcinogenesis 2009;
30:1722–8.

8. Pukkala E, Andersen A, Berglund G, et al. Nordic biological specimen
banks as basis for studies of cancer causes and control—more than
2 million sample donors, 25 million person years and 100,000 pro-
spective cancers. Acta Oncol 2007;46:286–307.

9. Simen-Kapeu A, Kataja V, Yliskoski M, et al. Smoking impairs hu-
man papillomavirus (HPV) type 16 and 18 capsids antibody re-
sponse following natural HPV infection. Scan J Infect Dis 2008;
40:745–51.

10. Simen-Kapeu A, Luostarinen T, Jellum E, et al. Is smoking an indepen-
dent risk factor for invasive cervical cancer? A nested case-control
study within Nordic Biobanks. Am J Epidemiol 2009;169:480–8.

11. Dillner J, Kallings I, Brihmer C, et al. Seropositivities to human pap-
illomavirus types 16, 18, or 33 capsids and to Chlamydia trachomatis
are markers of sexual behavior. J Infect Dis 1996;173:1394–8.

12. Anttila T, Koskela P, Leinonen M, et al. Chlamydia pneumoniae infec-
tion and the risk of female early-onset lung cancer. Int J Cancer
2003;107:681–2.

13. Kirnbauer R, Hubbert NL, Wheeler CM, Becker TM, Lowy DR, Schiller
JT. A virus-like particle enzyme-linked immunosorbent assay detects
serum antibodies in a majority of women infected with human pap-
illomavirus type 16. J Natl Cancer Inst 1994;86:494–9.

14. Lehtinen M, Dillner J, Knekt P, et al. Serologically diagnosed infection
with human papillomavirus type 16 and risk for subsequent develop-
ment of cervical carcinoma: nested case-control study. BMJ 1996;
312:537–9.

15. Castle PE, Shields T, Kirnbauer R, et al. Sexual behavior, human
papillomavirus type 16 (HPV 16) infection, and HPV 16 seropositivity.
Sex Transm Dis 2002;29:182–7.

16. af Geijersstam V, Kibur M, Wang Z, et al. Stability over time of serum
antibody levels to human papillomavirus type 16. J Infect Dis 1998;
177:1710–4.

17. Murray RP, Connett JE, Lauger GG, Voelker HT, The Lung Health
Study Research Group. Error in smoking measures: effects of inter-
vention on relations of cotinine and carbon monoxide to self-reported
smoking. Am J Public Health 1993;83:1251–7.

18. Burstyn I, Kapur N, Shalapay C, et al. Evaluation of the accuracy of
self-reported smoking in pregnancy when the biomarker level in an
active smoker is uncertain. Nicotine Tob Res 2009;11:670–8.

19. Boffetta P, Clark S, Shen M, Gislefoss R, Peto R, Andersen A. Se-
rum cotinine level as predictor of lung cancer risk. Cancer Epidemiol
Biomarkers Prev 2006;15:1184–8.
Cancer Epidemiol Biomarkers Prev; 19(7) July 2010 1881

h. 
9, 2020. © 2010 American Association for Cancer

http://cebp.aacrjournals.org/


2010;19:1879-1881. Published OnlineFirst June 15, 2010.Cancer Epidemiol Biomarkers Prev 
  
Aline Simen-Kapeu, Heljä-Marja Surcel, Pentti Koskela, et al. 
  
and 18 Infections and Female Lung Cancer
Lack of Association between Human Papillomavirus Type 16

  
Updated version

  
 10.1158/1055-9965.EPI-10-0356doi:

Access the most recent version of this article at:

  
  

  
  

  
Cited articles

  
 http://cebp.aacrjournals.org/content/19/7/1879.full#ref-list-1

This article cites 19 articles, 4 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.orgDepartment at

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

  
Permissions

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

.http://cebp.aacrjournals.org/content/19/7/1879
To request permission to re-use all or part of this article, use this link

Research. 
on November 29, 2020. © 2010 American Association for Cancercebp.aacrjournals.org Downloaded from 

Published OnlineFirst June 15, 2010; DOI: 10.1158/1055-9965.EPI-10-0356 

http://cebp.aacrjournals.org/lookup/doi/10.1158/1055-9965.EPI-10-0356
http://cebp.aacrjournals.org/content/19/7/1879.full#ref-list-1
http://cebp.aacrjournals.org/cgi/alerts
mailto:pubs@aacr.org
http://cebp.aacrjournals.org/content/19/7/1879
http://cebp.aacrjournals.org/

