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Human papillomavirus infection and risk of lung cancer in
never-smokers and women: an ‘adaptive’ meta-analysis
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OBJECTIVES: The incidence of lung cancer in Koreans is increasing in women and in both men and women
with a neversmoking history. Human papillomavirus (HPV) infection has been suggested as a modifiable risk
factor of lung cancer in never-smokers and women (LCNSW). This systematic review (SR) aimed to evaluate
an association between HPV infection and lung cancer risk in LCNSW.

METHODS: Based on a prior SR and some expert reviews, we identified refereed, cited, or related articles us-
ing the PubMed and Scopus databases. All case-control studies that reported the odds ratio of HPV infection
in LCNSW were selected. An estimate of the summary odds ratio (SOR) with 95% confidence intervals (CI)
was calculated.

RESULTS: A total of four case-control studies were included. The fixed-effect model was applied because of
homogeneity (I-squared =0.0%).The SORs in women and in neversmokers were 5.32 (95% CI, 1.75 to 16.17)
and 4.78 (2.25 to 10.15) respectively.

CONCLUSIONS: These results showed a significant effect of HPV infection in LCNSW. It is evident that de-

veloping a preventive plan against LCNSW may be necessary.
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INTRODUCTION

Lung cancer ranks the first in cancer mortality in Korea and
is the primary cancer with the heaviest disease burden [1]. Ac-
cording to the 2002-2012 statistics on lung cancer provided by
Statistics Korea, the incidence rate in women increased and the
rate of adenocarcinoma also increased during this time period
[2]. These facts were corroborated by a study on lung cancer
patients treated at a local cancer center [3], and particularly, the
study authors reported that the majority of women with lung

Correspondence: Jong-Myon Bae

Department of Preventive Medicine, Jeju National University School of
Medicine, 102 Jejudaehak-ro, Jeju 63243, Korea

Tel: +82-64-755-5567, Fax: +82-64-725-2593, E-mail: jmbae@jejunu.ac.kr

Received: Sep 26, 2015, Accepted: Nov 17, 2015, Published: Nov 17, 2015

This article is available from: http://e-epih.org/

(© 2015, Korean Society of Epidemiology

€9 This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

cancer were never-smokers (73.0%).

The increasing incidences of lung cancer among women nev-
er-smokers is a global trend [4,5], and it has been suggested
that lung cancer in never-smokers should be considered sepa-
rately, a disease different from lung cancer in smokers [6-8].
Among the hypotheses about the cause of lung cancer in wom-
en never-smokers, the one that has been given priority is sec-
ond-hand smoke exposure [6,7,9-11]. However, a genome study
has reported that the possibility of second-hand smoke involve-
ment in lung cancer is low in Asian never-smokers [12]. In addi-
tion, second-hand smoke exposure also imposes a limit on can-
cer prevention efforts because control of second-hand smoke
exposure cannot be achieved just by individuals making efforts,
but requires efforts from society. Instead, a modifiable risk fac-
tor, human papillomavirus (HPV) infection, may be involved
[6,7,9]. It is a risk factor for many cancers, such as cervical can-
cer [13], prostate cancer [14], and breast cancer [15], and cur
rently, preventive vaccines are commercially available [16].

HPV deoxynucleic acid (DNA) is detected in approximately
20% of lung cancer tissues [17-20], and the detection rate is
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higher in lung cancer tissues of Asians [21-24]. The detection
rate of HPV subtype 33 has been reported to be 31.3% among
Koreans with lung cancer [25]. According to a systematic re-
view reported in 2014 [26], the odds ratio (OR) of HPV infec-
tion was 5.67 (95% confidence interval [CI], 3.09 to 10.40),
and among Asians it was 6.23 (95% CI, 2.78 to 13.97), show-
ing a higher OR than for other races. However, this study did
not present results from subgroup analysis on the OR of wom-
en and never-smokers. Thus, we have performed a systematic
review that investigated the relationship between HPV infec-
tion and lung cancer in women and never-smokers.

MATERIALS AND METHODS

Search for and selection of relevant studies

In order to maximize the utility of previously conducted sys-
tematic reviews in the literature search, we used a manual search
method rather than an automatic method [14,27,28]. Thus, we
examined the references of five systematic review paper [17-
20,26], and obtained, for each, the lists of “cited articles” and
“similar (related) articles” provided by PubMed (www.ncbi.
nlm.nih.gov/pubmed) and the Scopus (www.elsevier.com/solu-
tions/scopus) database.

The finally selection criterion for the study objective was a
case-control study in which HPV DNA was tested on never-
smokers and women. Accordingly, for each study in the lists de-
scribed above, the following exclusion criteria were applied to
the abstract or the main body of the article: (1) a study dealing
with different hypotheses, (2) an expert’s review or a systemat-
ic review study, and (3) a case report study. Of the remaining
case-control studies after the first three exclusion criteria were
applied, the final set of studies were selected using the follow-
ing two exclusion criteria: (4) a study in which HPV DNA test-
ing was not done on the pathological tissue, and (5) a study from
which information on women or neversmokers cannot be ob-
tained, even if it was a case-control study.

Statistical analysis

Two researchers applied the exclusion criteria and obtained
HPV-related information from each study. ORs and 95% Cls
were computed for the confirmed patient groups and positive
HPV values. Heterogeneity was evaluated using the I-squared
values (%), and when homogeneity was confirmed, a meta-
analysis was performed to compute summary odds ratios (SORs)
and 95% CIs using a fixed-effect model. Statistical significance
was determined at the level of 5%, and the statistical program
Stata version 14.0 (Stata Corp., College Station, TX, USA) was
used to conduct the analyses.

RESULTS

Figure 1 shows the final study selection processes for the me-
ta-analysis. We initially obtained 136 references from five sys-
temic review papers and 1,219 cited and related studies through
PubMed and Scopus. After the selection criteria were applied
on a total of 1,355 studies, the number of studies excluded and

Papers retrieved from the databases (n=1,355)
- Lists from references of the systematic review (n=136)
- Lits from cited or related articles by PubMed (n=1,219)

Papers excluded (n=1,334)

_| - Different hypotheses (n=1,219)
| - Review papers (n=19)

- Case-only studies (n=96)

\ 4
Case-control studies (n= 21)

Papers excluded (n=7)
- No HPV DNA test (n=6)
- No information (n=11)

v

\ 4
Papers finally selected for this study (n=4)

Figure 1. Flow chart of article selection. HPV, human papillomavi-
rus; DNA, deoxynucleic acid.

Table 1. Summary of four selected case-control studies for association of HPV 16/18 infection with lung cancer in women and never-smokers

Author_year [Ref] Nation Specimen Group Case (n/N) Control (n/N) OR (95% Cl)
Cheng_2001 [29] Taiwan PET Women 27/45 211 6.75(1.30, 34.94)
Never-smokers 38/78 7/48 5.56 (2.23, 13.91)
Nadiji_2007 [30] Iran PET Women 6/25 2/23 3.32(0.60, 18.45)
Never-smokers 5/21 2/40 5.94 (1.04, 33.85)
Yu_2009 [31] China PET Never-smoker 4111 2/8 1.71(0.23, 12.89)
Sarchianaki_2014 [32] Greece PET Women 2/9 0/16 11.00 (0.47, 258.48)

Author_year [Ref], name of first author_year of publication [reference number].

HPV, human papillomavirus; PET, paraffin-embedded tissue; OR, odds ratio; Cl, confidence interval.
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First Year of Reference %
author publication number ES (95% ClI) Weight
Never-smokers
Cheng 2001 [29] —_— 5.56 (2.23, 13.91) 67.42
Nadji 2007 [30] 5.94 (1.04, 33.85) 18.68
Yu 2009 [31] 1.71(0.23, 12.89) 13.91
Subtotal (I-squared = 0.0%, p = 0.560) O 4.78 (2.25, 10.15) 100.00
Women
Cheng 2001 [29] —_—— 6.75 (1.30, 34.94) 45.69
Nadiji 2007 [30] —_——— 3.32(0.60, 18.45) 41.92
Sarchianaki 2014 [32] > 11.00 (0.47, 258.48) 12.39
Subtotal (I-squared = 0.0%, p = 0.750) <> 5.32(1.75, 16.17) 100.00
T T

Figure 2. The forest plot of summary effect size (ES) with 95% confidence intervals (Cl) using a fixed effect model by never-smokers and

women.

Table 2. Human papillomavirus detection and risk of lung cancer in
women and never-smokers

Women Never-smokers Women &
Type SOR (95% ClI) SOR (95% Cl) never-smokers
[l-squared, %) [l-squared, %] AOR (95% Cl)'
16/18  532(1.75,16.17)  4.78(2.25,10.15)
[0.0] [0.0]
16 3.98(1.13, 13.98)
18 11.66 (2.94, 46.27)

SOR, summary odds ratio; Cl, confidence interval; AOR, adjusted odds ratio.
"Adjusted for age, tumor type, and tumor stage suggested by Cheng et al.
[29].

the exclusion reasons were as follows: (1) 1,219 studies because
they dealt with different hypotheses, (2) 19 studies because they
were an expert’s review or a systematic review, (3) 96 case only
studies, (4) six case-control studies that did not test for HPV
DNA on the pathological tissue, and (5) 11 case-control studies
in which information on women or never-smokers was not found.
In summary, a total of 1,351 studies were excluded, and four
studies were included [29-32].

Table 1 summarizes the four case-control studies, showing the
nationality of the participants, test specimens, and distribution
of participant groups of women and/or never-smokers, and the
ORs and the 95% Cls computed depending on the presence or
absence of positive HPV DNA. Information on a woman-only
group and on a never-smoker group was presented in three stud-
ies each, and the I-squared value was 0% for both groups, sug-
gesting homogeneity (Figure 2). Table 2 shows meta-analytic re-
sults from a fixed effect model on the HPV DNA subtypes 16/18.
The SOR was 5.32 (95% ClI, 1.75 to 16.17) in the women-only
group and 4.78 (95% CI, 2.25 to 10.15) in the never-smoker
group, showing a statistically significance.

DISCUSSION

The SOR for lung cancer associated with HPV infection was
5.32 for the women and 4.78 for the never-smokers. These are
at a level similar to SOR 5.67, which is an odds ratio computed
for men and women together [26]. Considering that the risk of
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lung cancer of subtype 18 infection was reported to be 11.66-
fold (95% CI, 2.94 to 46.27) in women never-smokers (Table 2)
[29], the actual risk level for women never-smokers with HPV
infection is expected to be higher. The findings provide evi-
dence for the argument that vaccines against HPV infection can
prevent the occurrence of lung cancer in women as well as pro-
tect against other cancers. In addition, from the finding that the
SOR was similar when men and women were not separated
and when participants were limited to women, HPV infection
can be inferred to have a greater impact on the occurrence of
lung cancer in women never-smokers than in men smokers
[33,34].

The four studies selected in this systematic review [29-32]
were all case-control studies. This is because of the difficulty in
conducting a cohort study involving HPV DNA. Of the four in-
cluded studies, three studies [29,30,32] were also included in
Zhai et al’s analysis [26]. The fourth study, Yu et al. [31], was
selected instead of the one by the same authors presented in
2013 [35], because the former showed analytic results on wom-
en. The reason why additional studies were not included in the
current systematic review is because the study closed the litera-
ture search in September 2015 and it was closed in March 2014
for Zhai et al. [26]. Further study is needed in the future focus-
ing on the occurrence of lung cancer in women neversmokers.

In contrast, via a manual search we were able to identify four
studies that met the selection criteria of the systematic review
by Zhai et al. [26], but were not included [36-39]. Of them, two
studies [38,39] were published after their search was closed in
March 2014, whereas two studies [36,37] were published be-
fore, which shows the importance of a hand search. Yu et al. [39]
overlaps with two other studies presented by the same authors
based on the same data sources [31,35], and thus, studies for a
future meta-analysis should be selected carefully.

Lung tissues are known to have the highest sensitivity for HPV
DNA detection [24], and six case-control studies were excluded
from this meta-analysis because HPV infection was tested using
DNA or antibody samples taken from bronchoalveolar lavage
fluid or blood [40-45]. Using blood in lieu of tissue to test for
HPYV infection has the potential to be used as an early screen-
ing tool for lung cancer in women neversmokers [2]. In addi-
tion, there is some evidence that taking oral contraceptives is
related to HPV proliferation [46], and thus, future studies are
needed on the occurrence of lung cancer in women taking oral
contraceptives [47,48]. As lung cancer in never-smokers is an-
ticipated to become a serious problem soon [2,49], efforts should
be made from different approaches to establish preventive poli-
cies.

In order to prove that a specific virus causes cancer, a case-
control study must be conducted in order to meet necessary
standards [50,51]. However, tumor-based case-control studies

have the drawback of frequent measurement errors [52,53]. To
overcome the problem, adaptive systematic reviews need to be
continuously conducted.
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