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Abstract

Background: The aim of our study was to identify the association between Human papillomavirus (HPV) posi-
tive rate and smoking in lung cancer (LC) patients. Meanwhile, to analyze differences among gender, age differ-
ences on HPV infection rate in LC patients.

Methods: We performed a systematic literature search through PubMed, Wan Fang, China National
Knowledge Infrastructure (CNKI), MEDLINE, EMBASE (OVID), and Web of Science databases from 1991-
2017, and we searched these keywords such as “lung cancer”, “HPV”, “smoking”, and “human papillomavirus”.
Review Manager 5.3 software was used to analyze. An estimate of the odds ratio (OR) with 95% confidence
intervals (CI) was calculated.

Results: In China, a statistical significance was observed between HPV positive rate and smoking in LC pa-
tients (OR=2.34, 95%CI: 1.76-3.09, P<0.001; 12 =25%). However, after stratified by region, no significance was
observed in other regions, gender, and age.

Conclusion: HPV infections are associated with smoking in LC patients. The association between HPV infec-
tion and smoking in L.C patients may relate to different regions. There were no differences between gender and
age among HPV infection rates in LC patients. To identify the etiology of smoking, HPV, and LC, a further
experimental research needs to be conducted.
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Introduction

Lung cancer (LC) is the most common cause of
morbidity and mortality around the world. Ac-
cording to the statistical data (1), there were 1.8
million new cases and 1.6 million deaths in 2012.
Now the pathogenesis of LC is inconsistent. Alt-
hough smoking is one of the major factors in the
development of LC, about 25% of patients with
LC are non-smoker. Hence, the occutrence of
LC has many potential risk factors, such as the
occupational exposure of asbestos and radon,
environmental pollution, biological carcinogenic

factors and so on. With the detection of human
papillomavirus in LC, people have paid attention
to the viral infection which is the carcinogenic
factor of L.C.

Human papillomavirus (HPV), a small and naked
deoxyribonucleic acid (DNA) virus, consisting of
double-stranded circular DNA, is believed to be
an important factor contributing to the etiology
of certain benign and malignant lesions in hu-
mans. HPV infections are associated with up to
35% of oropharyngeal cancers (2). In recent
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years, with the rapid development of molecular
biology, increasing evidence suggests that HPV
may play an important role in the development of
LC. Since 1980, HPV infection may relate to the
development of LC. People began to pay attention
to the association between LC and HPV infection
and its possible carcinogenic mechanism (3). How-
ever, the evidence on effect of HPV on the devel-
opment of LC is still inconsistent. HPV infection
increased LC risk (4), and HPV16/18 infection in-
creased the risk of lung squamous cell carcinoma.

This meta-analysis suggested that HPV infection is
an important factor in the prognosis of LC. Howev-
e, this study did not repott the association between
HPV and clinical features in LC patients, such as
smoking status, age, region, gender and so on.
Hence, we aimed to study the association between
HPV and smoking, gender, and age in LC patients.

Methods

Search strategy

We performed a systematic literature study with
multiple strategies: 1) electronic database search-
es, such as PubMed, Wan Fang, China National
Knowledge Infrastructure (CNKI), MEDLINE,
EMBASE (OVID), and Web of Science, and
keywords such as “lung cancer,” “HPV,” “smok-
ing,” and “human papillomavirus,” were used; 2)

request for articles to researchers; 3) review of
reference sections of articles obtained from
searches. Studies matched with the selection cti-
teria and available from 1991-2017, were included
in the analysis. This meta-analysis was performed
in accordance with the guidelines of Preferred
Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) (5).

Study selection and inclusion criteria

Studies were selected if they met the following
criteria: 1) they were case-control, cross-sectional
or cohort studies comparing HPV infection in
lung tissue among LC patients and non-cancer
controls; 2) research involved smoking; 3) they
provided information needed to calculate odds
ratio (OR) with 95% confidence intervals. We
excluded studies in which the subject population
were not LC patients. Duplicate studies, reviews,
local reports, conference abstracts, and presenta-
tions were excluded. When an overlap of patients
was found in severl studies, only the study with
the largest sample size and detailed information
was included. Two co-authors (Rui Z, Ling C)
independently extracted relevant studies follow-
ing the inclusion criteria (6). Disagreements were
resolved through discussion in a panel meeting
(6). The characteristics of the records included in
the meta-analysis are shown in Table 1.

Table 1: Characteristics of the 19 eligible studies in this meta-analysis

Author Year Region HPV(+)

Ag <50 Age=>50 Age<60  Age=60  Smoking No Smoking Male  Female
Zhou et al. (16) 2015 China 8/16 22/47 20/38 10/25 19/43 11/20
Zhou et al. (15) 2015 China 6/15 19/45 18/43 7/17 19/46 6/14
Xiongetal. (14) 2016 China 3/43 4/40 6/44 1/39 6/53 1/30
Zhang etal. (13) 2012 China 8/23 9/20 9/20 8/23 13/30 4/13
Chenetal. (12) 2005 China 43/85 18/41 42/91 19/35
Liuetal.(11) 2007 China 6/21 29/68 26/ 64 9/25 28/69 7/20
Zhang etal. (24) 2016 China 3/21 5/30 6/28 2/23 5/29 3/22
S.ANadji etal. (8) 2007 Iran 5/12 28/114 28/108 5/21 27/104 6/25
E.Sarchianaki etal. (9) 2014 Greece 8/38 0/7 17/91 2/9
Yang et al. (10) 2006 China 12/33 11/40 14/39 9/34
Zhou et al. (23) 2014 China 15/22 2/14 15/26 2/12
Jiangeral. (22) 2005 China 18/38 3/22 17/43 4/17
Yuan etal. (19) 2006 China 6/17 25/59 26/50 5/26 24/59 7/17
Zhen etal. (21) 2015 China 2/6 15/37 12/22 4/21 12/30 4/13
Huang et al. (20) 2006 China 8/15 11/29 15/26 4/18 13/34 6/10
Wangetal. (18) 2005 China 6/12 12/30 15/26 3/16 14/32 4/14
Kongetal. (25) 2009 China 18/33 2/14 15/35 5/12
Yan etal. (17) 2009 China 31/57 4/11
E.Argyti et al. (26) 2017 Greece 2/66 0/1 1/58 1/9
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Data extraction

Screening of the title and abstract was performed
independently in the first step, and disagreement
was resolved by discussion. Full-text review was
retrieved and then detailed evaluation was fol-
lowed (6). All data extraction were conducted
independently and checked by two authors, disa-
greements being resolved by discussion.

Statistical analysis

Odds ratios (ORs) with corresponding 95% Cls
were calculated if there were sufficient data. Het-
erogeneity of these studies was evaluated using
the P-value and the I’ statistic (7). If I°<50%, a
fixed-effect model was used to evaluate inter-
study heterogeneity; otherwise, a random-effect
model was used. All statistical analysis was carried
out with the wuse of Review Manager 53
(Cochrane). Moreover, P-values less than 0.05

Search of electronic databases
(n=2200)

were considered statistically significant. All statis-
tical tests were two-sided.

Eligible studies

This study of the electronic databases revealed
2290 studies, of which 899 overlapped among
different search categories. The search strategy in
Fig. 1 as the QUOROM statement flowchart in
which the detailed procedure of reference identi-
fication along with information regarding exclu-
sion criteria applied at different stages of the se-
lection is described. After screening the title and
abstract of the 1391 unique references, 1339 were
excluded, and 52 studies were required for fur-
ther assessment. After screening full-text reviews,
33 studies excluded, while only 19 (8-26) articles
tulfilled the predefined inclusion criteria and were
selected to be involved in the analysis, eligible
studies in this meta-analysis.

b 4

Studies initially identified via
electronic search
n=1391)

Duplicates removed
(1= 300}

h

Full text versions retrieved for
detailed evaluation
(n=>52)

Studies removed after screening the abstract and
title (n = 1339):

No lung cancer patients (n= 970)

No smoking (n=28)

No HPV (n=35)

Inappropriate study design (n=204)

Did not involve original research (editorials,
letters, reviews, commentaries) o case reports
only (n=97)

Duplicates (n = 5)

¥

Studies fulfilled the inclusion
criteria
(h=19)

h 4

Studies removed after reading the full text (n=
33

Incomplete data (n=12)

Did not involve LC (n=9)

No control {n= 107

Duplicates (n=2)

Fig. 1: Search strategy
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We identified 19 studies around the wotld, 16
studies of which were from China, and 3 studies
from Greece and Iran. Studies contained 1245
samples. All studies have reported prevalence of
HPV, patients’ demography, gender differences
in HPV positive rate, HPV detection methods,
HPV positive rate in smoking LC patients, and
other significant information.

E'thics approval
The study’s protocol and data collection proce-
dure were approved by the Institute of Public
Health and Management. No individual data are
used; only group data are reported. Thus, consent
1s not applicable.

Results

Association between HPV positive rate and
smoking status of LC patients

HPV positive rate in smoking LLC patients was
higher than that in non-smoking LC patients
(39.00% VS. 24.26%). Fig. 2 shows a forest plot
of the ovenll association between HPV positive
rate and smoking status of LC patients. A statisti-
cal significance was observed between HPV posi-

tive rate and smoking status of LC patients
(OR=231, 95%CL 1.74-3.05, P<0.001; T
=29%,). In addition, after stratified by region, sig-
nificance was also detected in 16 Chinese studies
(OR=2.44, 95%CIL 1.82-3.27, P<0.001; T
=28%). However, no significance was showed in
3 other studies (OR=1.25, 95%CIL: 0.48-3.28,
P=0.64; > =20%).

Gender diferences of HPV positive rate in
patients with LC

Fig. 3 shows a forest plot of the gender differ-
ences of HPV positive rate in LC patients, strati-
fied by region. No statistical significance was ob-
served between gender and HPV in LC patients
(OR=1.16, 95%CI: 0.88-1.55, P=0.29; I* =0%),
also in different region.

Age differences of HPV positive rate in pa-
tients with LC

Fig. 4 shows a forest plot of the age differences
of HPV positive rate in LC patients, stratified by
different age group. No statistical significance
was observed between age and HPV in LC pa-
tients (OR=0.96, 95%CL 0.65-1.40, P=0.86; I’
=0%).

Odds Ratio
M-H, Fixed, 95% Cl

Odds Ratio
M-H, Fixed, 95% CI

smoking no smaoking

Study or Subgrou| Events Total Events Total Weight
1.1.2 Chinese

Chen¥Q 2005 43 85 18 41 177%
Huang BX 2006 15 26 4 18 30%
Jiang R 2005 18 ag 3 22 3.0%
Kong LH 2009 13 33 2 14 1.9%
Liu.J 2007 2B 64 9 25 11.3%
Wang ¥H 2005 15 26 3 16 2.3%
Hiong WH2016 B 44 1 39 1.4%
Yan 'Y 2009 il A7 4 11 4.5%
Yang F 2006 12 33 i 40 9.3%
Yuan CY 2008 2B 50 5 26 4T7%
Zhang JF 2012 9 20 E} 23 B0%
Zhang R 2016 B 28 2 23 2.58%
Zhen 2¥¥ 2019 12 22 4 21 27%
Zhou.J 2014 15 22 2 14 1.1%
Zhou.J 2015 20 38 10 25 84%
Zhou¥ 20145 18 43 7 17 86%
Subtotal (95% CI) 629 375 88.5%
Total events 290 a3

Heterogeneity: Chi*= 20.85, df= 15 (P=0.14); F= 28%
Testfor overall effect: Z= 6.00 (P = 0.00001)

1.1.3 others

E. Argyri 2017 2 13} 0 1 1.4%
Emmanouela 5 2014 8 38 0 7T 10%
Seyed A N 2007 28 108 5 21 91%
Subtotal (95% CI) 212 29 11.5%
Total events 38 5

Heterogeneity. Chi*= 2,51, df= 2 (P = 0.28), F= 20%

Testfor overall effect: Z= 0.46 (P = 0.64)

Total (95% CIy 841 404 100.0%
Total events 328 a3

Heterogeneity: Chi®= 25.50, df= 18 (P=011); F= 28%
Testfor overall effect Z=5.86 (P « 0.00001)

1.3 [0.52,2.77)
477 (123, 1763)
570144, 2257)
7.20[1.39, 37.35)

1.22[0.47,3.17]
5.91 [1.35, 25.88)
F.00 [ Ba, 57.25)

208 [0 55, 7 93]

1,51 [0.56, 4.06]
4.55[1.48,13.87)

1,53 [0.45,5.25]
286 (152, 16.81]
510[1.29,20.17]

12.86 [2.24, 73.53)

1 57 [0.50, 4.67]

103 [0 33, 3.27)
2.44[1.82,3.27]

0.12[0.00,3.63) *

4.18[0.22,80.83]
1.12[0.38,3.34]
1.25[0.48, 3.28]

2.31[1.74, 3.05]

Testfor suboroun differences: Chi*=1 69 df=1 (P =015 F= 408%

Fig. 2: The relationship between HPV positive rate and smoking in LLC patients
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male female Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
2.1.2 Chinese
Chen W 2005 42 91 149 35 16.6% 0.72[0.33,1.58] —
Huang BX 2006 13 34 B 10 B.4% 0.41[010,1.78
Jiang R 2005 17 43 4 17 3.9% 213[0.59,7.62] ]
Kong LH 2009 14 38 5] 12 4.8% 1.05[0.28, 3.96] I
Liu J 2007 26 B4 9 28 8.6% 1.22[0.47,317] T
Wang ¥H 2005 14 32 4 14 3.5% 1.94 [0.50,7.53] ]
Xiong WH2016 B a3 1 30 1.3% 3.70(0.42 32.33] I
“ang F 2008 14 39 9 34 B.9% 1.56 [0.57, 4.25] I
Yuan CY 2006 24 59 7 17 T.3% 0.98 [0.33, 2.93] -1
ZFhang JF 2012 13 i} 4 13 3.6% 1.72[0.43, 6.858] I
Zhang R 2016 5] 29 g 22 3.2% 1.32[0.28,6.27] -
Zhen ¥ 2019 12 30 4 13 3.8% 1.50 [0.38, 6.00] -
ZhouJ 2014 148 26 2 12 1.3% 6.82[1.24 37.54]
ZhouJ 2015 149 43 11 20 9.4% 0.65[0.22, 1.88] ]
Zhou 'y 2015 149 46 B 14 B.1% 0.94 [0.28, 3.158] -
Subtotal (95% CI) 654 288 B67%  1.21[0.89,1.63] *>
Total events 254 94
Heterogeneity: Chi*= 12,26, di= 14 (P = 0.59); F= 0%
Testfor overall effect Z2=1.22{FP=0.22)
2.1.3 others
E. Argyri 2017 1 58 1 El 1.9% 0.14[0.01,2.47] *
Emmanouela 8 2014 17 91 2 q 3.3% 080015 427 I E—
Sevyed AN 2007 27 104 [ 25 8.1% 1.11[0.40,3.07] -
Subtotal (95% CI) 253 43 13.3% 0.89 [0.39, 2.03]
Total events 45 El

Heterogeneity. Chif=1.79, df= 2 (P = 0.41); F=0%
Testfor overall effect Z=0.27 (P =0.79)

Total {95% Cl} Q07 331 100.0%
Total events 209 103

Heterogeneity. Chi*=14.53, df=17 (P = 0.63); F= 0%

Testfor overall effect Z=1.06 (F = 0.29)

Test far suboroun differences: Chi*= 045 df=1 (P =050 F=0%

1.16 [0.88, 1.55]

| + +
0.01 01 10 100
Favours [experimental] Favours [control]

Fig. 3: Gender differences in HPV positive rate in LC patients

=60 =G0 Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H.Fixed, 95% CI M-H, Fixed, 95% CI
6.1.1 <60V §>=60
Seyed AN 2007 5] 12 28 114 57% 2.19[0.64, 7.46] ]
Hiong WH2018 g 43 4 40 7.0% 0.62[0.14, 3.2 - T
ZFhang JF 2012 a 23 9 20 11.5% 0BS[019, 2.23] N
Zhang R 2016 3 21 h 30 6.4% 0831[0.18, 3.94] I
Zhou 12015 8 16 22 47 10.2% 1.141[0.37, 3.54] I
Zhou 20148 ] 14 19 45 10.4% 0.91[0.28, 3.00] I
Subtotal (95% CI} 130 296 51.2%  1.00[0.59,1.68] -
Total events 33 ar
Heterogeneity, Chif=2.41 df=5(P=0.79); F=0%
Test for overall effect: £=0.01 (P = 0.93)
6.1.2 <50V 5»=50
Huang BX 2006 g 158 i 29 6.4% 1.87[0.53, 6.60] N B
Liu J 2007 [ 21 29 68 17.8% 0.54[0.19, 1.56] - 1
Vang ¥H 2005 B 12 12 il 6.3% 1.50[0.39,5.77) -
Yuan CY 2006 B 17 25 89 13.2% 0.741[0.24, 2.28] N
Zhen 2W 2014 2 [ 14 ar 6.1% 073[0.12 4.43)] - 1
Subtotal (95% CI} m 223 48.8%  0.91[0.53,1.58]
Total events 28 a2
Heterogeneity, Chi*= 2.90, df=4 (P = 0.57); F=0%
Testfor overall effect Z=0.33 (P=0.74)
Total (95% CI} 201 519 100.0%  0.96 [0.65, 1.40]
Total events B1 173
Heterogeneity: Chi*= 9.38, df =10 (P = 0.86); F= 0% IU M 051 1‘ ID 100‘

Test for overall effect Z=0.23 (P =0.82)

Testfor subaroun differences: Chi*= 0.06. df=1 (P =081 F= 0%

Favours [experimental] Favours [control]

Fig. 4: Age differences in HPV positive rate in patients with L.C

Sensitivity analysis

To assess the sensitivity of this meta-analysis, we
sequentially removed individual studies from it.
The pooled ORs had good stability, and statistical
significance was found by fix-effect model. The
results of this meta-analysis are reliable. Moreo-
ver, funnel plot indicates that no significant pub-
lication bias exists in this review.

Discussion

HPV is thought to be a high risk of lung cancer.
The HPV infection rate in smoker was higher
than that in non-smoker LLC patients. However,
HPV infection rate was not related to smoking in
the development of LC. The association between
smoking and HPV infection and whether these
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two factors exert a synergistic effect on the de-
velopment of LC are still in the dispute.

Now, HPV infection was closely related to smok-
ing in the occurrence of LC. Smoking could di-
rectly cause HPV infection, since smoking can
decrease Langhans cell which 1is antigen-
presenting cell in epithelial tissue, then lead to
immune deficiency, which is helpful to the activa-
tion of HPV and the persistence of infection
(27). Al HPV infection cases were moderate
smokers in LC patients (28). Both HPV infection
and P53 protein expression were associated with
smoking, and smoking and HPV infection may
have a synergic effect on the development of LC
(19). However, there was no significant differ-
ence between HPV infection and smoking in L.C
patients (11). HPV was thought to be an envi-
ronmental pollution factor, which may lead to
airway injury, and eventually, lead to LC. There
was no significant difference between smoking
and non-smoking in HPV infection rate in LC
patients, which indicated that smoking may be an
independent carcinogenic factor in the develop-
ment of LC, and no synergic effect with HPV
infection (10, 29). Our study showed that HPV
positive infection are associated with smoking in
LC patients, smoking can lead to HPV infection;
HPV infection and smoking have a synergic ef-
fect on the development of LC. Meanwhile, HPV
is the risk factor of LC, this is consistent with
previous studies.

In the study of LC and HPV infection, we found
that not only smoking status but also age, and
gender are significant clinical features. There
were regional differences in HPV infection in
non-smokers with LC that East Asia was higher
than Europe (30). The HPV infection rate was
similar in non-smoker and quit-smoking popula-
tions in Asia, while in Europe non-smoker was
higher that quit-smoking people. The HPV infec-
tion rate of non-smoker was 68.7% in Taiwan,
60% in Korea, 23.8% in China and 12.4% in Ja-
pan (30). HPV infection is associated with
different region, which was inconsistent with our
study. We conducted a stratified analysis to study
the regional differences. After stratified by re-
gion, a statistical significance was detected in

Available at:  http://ijph.tums.ac.ir

Chinese, not in others, which suggested that in
China, HPV infections are associated with smok-
ing in L.C patients. The association between HPV
infection and smoking in LC patients may be re-
lated to different regions. The lack of statistical
significance in other countries may be due only 2
other studies included.

The incidence rate was higher in male and in the
elder. However, age and gender were always ig-
nored as the mixed factors in the study of HPV
infection and LC. Few studies reported the asso-
ciation between age, gender and HPV infection
in LC patients. There was no association between
HPV infection and gender in LC patients (31).
Our study made two forest plots for gender and
age differences in HPV positive rate in LC pa-
tients. There were no significant gender and age
differences in HPV positive rate in LC patients,
which suggested that there was no association
among age, gender and HPV infection in LC pa-
tients (Figs. 3,4).

Consequently, HPV infection may relate to
smoking and region in LC patients, but not to
gender and age. The detection rate may alter with
different detection methods in different study.
For lack of sample size, there were some limita-
tions in our study. Therefore, a large sample of
study was needed to investigate the synergistic
effect on smoking and HPV infection in LC, also
mechanism needed. So our study suggested that
smoking may be a risk factor of HPV infection in
LC patients, and it promotes the development of
LC. Moreover, region is associated with HPV
infection rate in smoking LC patients, age but
gender are not.

Some limitations exist in our meta-analysis, 16
studies from China, while 2 other studies, which
may lead to regional bias. HPV gene type may
have an association with smoking in L.C. Howev-
er there was only one study involves HPV gene
type, therefore, we are unable to analyze the as-
sociation between HPV gene type and smoking
in LC. Although our study suggested that HPV
infections are associated with smoking in L.C pa-
tients, we do not know the certain etiology of
smoking, HPV, and LC. Smoking increased HPV
infection, which in turn caused L.C, however the
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exact mechanism required further experimental
research.

Conclusion

The forest plot shows that HPV infections are
associated with smoking in LC patients. Unfortu-
nately, most of our involved studies are from
China, which may lead to regional bias. After
stratified by age and gender, no statistical differ-
ences were observed in our study. Hence, smok-
ing may be a risk factor of HPV infection in LC
patients, gender and age may not relate to HPV
infectionin LC patients.
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