
Abstract. Background: Since first suggested in 1979,
evidence on the involvement of human papillomavirus (HPV)
in bronchial carcinogenesis has been accumulated through
several lines of research. The causal role of HPV in lung
cancer still remains controversial, however, and more data
are needed particularly on genotype distribution and
cofactors of HPV regarding this disease. Materials and
Methods: The present series consists of 77 patients diagnosed
and treated for lung cancer at the Department of Respiratory
Medicine, Turku University Hospital, (Finland) during 2008-
2010. All available histological samples (n=77) were
subjected to HPV genotyping with the Luminex-based
Multimetrix kit, detecting 24 low-risk (LR) and high-risk (HR)
HPV types. Pertinent clinical data were collected and
subjected to univariate and multivariate regression analysis
to disclose the covariates associated with HPV detection in
lung cancer. Results: Out of 77 histological samples analyzed,
four (5.2%) (three squamous cell and one adenocarcinoma)
were found to be HPV-positive, out of which three were
HPV16 infections and one a double-infection with HPV6 and
HPV16. All four patients were males, and all but one reported
no asbestos exposure. Three of them had refrained from
smoking for a period >22 years. Disease-specific survival
was twice as long for individuals with HPV+ than those with
HPV- tumors (25.5 vs. 12.8 months), but confounding by
treatment cannot be excluded. In univariate analysis, four
covariates were significantly associated with HPV detection:
i) older age (p=0.003) ii) older age at smoking initiation
(p=0.027), iii) fewer years of active smoking (p=0.036), and
iv) fewer total pack years (p=0.002). In a multivariate

regression model adjusted to all significant covariates, only
absolute age was significantly associated with testing as
HPV-positive (odds ratio=1.16, 95% confidence interval 1.04-
1.39, p=0.008). Conclusion: Given the fact that initiation of
smoking at an older age, fewer pack years and long smoking
abstinence were associated with HPV, it is tempting to
speculate that oncogenic HPV can substitute smoking as a
risk factor, leading to lung cancer in these patients despite
>22 years elapsing since their smoking cessation. In the era
of prophylactic HPV vaccination, there is an urgent need to
provide more data on the global HPV burden and covariates
of the virus associated to lung cancer. 

Lung cancer remains by far the leading cause of global
cancer morbidity and mortality, with over 1.6 million annual
new cases and almost 1.4 million deaths worldwide (both
genders included) (1). Epidemiological and experimental
data suggest that cigarette smoke, as well as occupational or
environmental exposure to radon and asbestos, are the prime
etiological agents of this malignancy. Other implicated causal
factors include certain metals (chromium, arsenic, cadmium,
silica and nickel), air pollution, coal smoke, hormones,
previous lung disease, dietary factors, and genetic
susceptibility (2, 3). It is well known, however, that i) fewer
than 20% of all smokers develop lung cancer, ii) a sizeable
subset (25%) of lung cancer cases develop among never-
smokers, and iii) lung cancer is a major course of deaths
(300000 cases) among never-smokers (2, 3). This implies
that factors other than cigarette smoking must exist among
the causative agents of this disease (2, 4). 

It was suggested as early as 30 years ago that human
papillomavirus (HPV) could be one such unknown causal
agent of lung cancer among non-smokers and even in
smokers, acting synergistically with cigarette smoke (5-7).
This mainstay hypothesis was originally based on
observations of morphological similarities between a subset
of bronchial squamous cell carcinomas (SCC) and the
clinical manifestations of HPV in the female genital tract,
described a few years earlier (8-11). 
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Following this primary report, the interest in HPV and
lung cancer increased steadily until the early 2000s when
published literature was reviewed (12). By that time, 2468
lung cancer samples had been analysed in 44 separate
studies, and 536 (21.7%) were tested as being HPV-positive.
Since then, the literature has been updated up to year 2009
by two recent meta-analyses (13, 14). HPV prevalence in the
reported studies had increased to 24.5%, and both reviews
also emphasized on a major heterogeneity between the
published studies. Importantly, not only HPV DNA but also
active transcription of the virus have been demonstrated in
lung cancer by detecting the expression of HPV oncogenes
E6 and E7 by RT-PCR (15, 16). 

Since the licensing of the first prophylactic HPV vaccines
(Cervarix® and Gardasil®) on the market, interest in global
disease burden due to the vaccine HPV types (HPV6, 11, 16,
and 18) has increased significantly. This applies particularly to
carcinomas of the head and neck (17), esophagus (18), and,
more recently, lung cancer (19). Needless to say, more evidence
on the impact of HPV in these non-genital types of cancer is
essential to estimate the disease burden that would be potentially
preventable by the use of the existing (bi- and tetravalent) HPV
vaccines, as well as by the new-generation 9-valent HPV
vaccines which are currently clinically tested (20, 21). 

We recently started a systematic epidemiological study on
HPV and lung cancer to elucidate the involvement of HPV
in this disease at the genotype level. The present
communication reports the HPV genotyping results of the
first 77 lung cancer patients derived from a larger cohort
(SILKE). In addition, regression models were used to
analyze the covariates associated with HPV detection in lung
cancer. 

Materials and Methods

Patients. The present series consists of 77 patients diagnosed and
treated with chemotherapy for non-small cell lung cancer (NSCLC)
at the Department of Respiratory Medicine, Turku University
Hospital (TUH), Finland, during 2008-2010. Diagnosis of bronchial
cancer was confirmed using cytology, bronchoscopic biopsy or
operative biopsy. In this study, only the patients with histologically
confirmed NSCLC were included. All the clinical and demographic
data were collected from the hospital records. The study protocol
was approved by the Ethics Committee of the Hospital District of
Southwest Finland (ETMK 47/180/2008), and permission for
collection and use of archival tissue material was obtained from the
National Authority for Medico-Legal affairs. 

Samples. All operative surgical samples and diagnostic biopsies
were fixed in formalin, embedded in paraffin, and processed into
hematoxylin-eosin (HE)-stained sections for histological diagnosis
using routine procedures. All samples were stored in the files of the
Department of Pathology, University of Turku. Altogether, 15
patients had to be excluded from the study because only cytological
materials were available. 

DNA extraction. From the paraffin-embedded samples, HPV DNA
was extracted with the high salt method (22). For DNA extraction,
sequential sections (approximately 1cm2) were used. In brief, the
sample was lysed with proteinase K at 37˚C overnight. The proteins
were then precipitated with saturated 6M NaCl followed by
centrifugation. DNA was precipitated with absolute ethanol. 

HPV genotyping. HPV genotyping was carried out with a Luminex-
based assay that combines polymerase chain reaction amplification
(PCR) with hybridization to fluorescence-labeled polystyrene bead
microarrays (Luminex suspension array technology).

PCR. HPV DNA was detected by nested PCR using MY09/MY11
as external primers and GP05+/bio-GP06+ as internal primers
targeting the L1 open reading frame of the HPV genome. PCR was
carried out in 50 μl reaction mixture containing PCR buffer, 
20 pmol of each primer, 200 μM of each deoxynucleotide
triphosphate and 1.25 U AmpliTaq GoldR DNA polymerase (Perkin
Elmer, NJ, USA) and 300 ng of DNA. Amplification was started by
initial denaturation at 95˚C for 10 min followed by 30 cycles of
denaturation at 95˚C for 30 s, annealing at 55˚C for 55 s and
elongation at 72˚C for 60 s. One microliter of the PCR product was
collected for the second PCR with the internal primer pair of
GP05+/GP06+. The cycle included denaturation at 95˚C for 60 s,
annealing at 40˚C for 60 s and extension at 72˚C for 90 s. In total,
40 cycles were performed. PCR mixture without DNA was pipetted
in a room reserved only for PCR. DNA was extracted under a
laminar hood in a separate laboratory. DNA was added in the PCR
reaction mixture in a third laboratory room.

Controls for PCR. Only eight study samples were processed at the
same time. Additionally, every eighth sample for PCR contained no
DNA. DNA dilution of SiHa cells was used as a positive control for
HPV DNA detection. DNA extraction, master mix for PCR, and the
adding of target DNA to the reaction mixture were all carried out
in separate rooms.

After HPV amplification, the biotinylated PCR products were
HPV genotyped with the fluorescent bead array of 24 HPV types
according to Schmitt and co-workers (23), using a Multimetrix kit
(Multimetrix, Regensburg, Germany) with minor modifications (24).
The assay can detect the following 24 HPV types: Low-risk (LR)
HPV: 6, 11, 42, 43, 44, 70; high-risk (HR) HPV: 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 68, 73 and 82; and also probable HR-HPV
types 26, 53, 66, 70. The manufacturer’s instructions were followed
except the fact that the reactions were carried out in 50 μl instead of
100 μl. At the final step, the beads were washed three times with 100
μl blocking buffer and finally resuspended in 100 μl blocking buffer
for 5 minutes on a shaker. Beads were then analyzed for internal
bead color and R-phycoerythrin reporter fluorescence on a Luminex
100 analyzer (Bio-Plex 200 System, Bio-Rad Laboratories, Hercules,
CA, USA). The median reporter fluorescence intensity (MFI) of at
least 100 beads was computed for each bead set in the sample. The
cutoff value was defined for each HPV probe individually as follows:
1.5 × the background MFI + 5MFI. 

Statistical analysis. All statistical analyses were performed using
SPSS® (IBM, NY, USA) and STATA (StataCorp., College Station,
TX, USA) software: IBM SPSS Statistics for Windows, version
19.0.1; and STATA/SE 11.2. Frequency tables were analyzed using
the χ2-test, with the likelihood ratio or Fisher’s exact test for
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categorical variables. Differences in the means of continuous
variables were analyzed using ANOVA and/or non-parametric
(Mann-Whitney) test for two independent samples. Covariates
associated with HPV detection (endpoint) were analyzed using
univariate and multivariate regression models. Results are expressed
as crude and adjusted odds ratios (OR), respectively, and their 95%
confidence intervals (95% CI). All tests were two-sided and
interpreted as being significant at p=0.05.

Results

Out of the 77 tissue samples examined by Multimetrix, four
were found to be positive for HPV, while all exhibited very
strong signals. Three of these HPV-positive samples

contained HPV16 and one was a double-infection by HPV6
and HPV16. No other genotypes were found. 

The key demographic data of the patients are summarised in
Table I, stratified by their HPV status. The four patients tested
as HPV-positive were significantly older than their HPV-
negative counterparts (p=0.012). They all were males, and had
a history of current or past smoking. HPV-positive patients were
almost 10 years older when they started smoking (30.0 vs. 20.6
years of age) as compared with HPV-negative patients. In
contrast, they were two years (mean) younger while refraining
from smoking, meaning an average of four years less of active
smoking time (29.5 vs. 33,6 years), respectively. Among HPV-
positive patients, the time since cessation of smoking was twice

Syrjänen et al: Human Papillomavirus in Lung Cancer

627

Table I. Demographic and clinical data of the patients. 

Variable All HPV-Positive HPV-Negative p-Value**
(N=92)* (N=4) (N=73)

Age, Mean (SD), years 67.6 (8.9) 77.2 (4.9) 66.6 (8.5) 0.012†

Age, Median (range), years 66.0 (46-86) 79.5 (70-80) 65.0 (46-86)
Gender:

Men 61 (66.3%) 4 (100.0) 46 (63.0) 0.219
Women 31 (33.7%) 0 (000.0) 27 (37.0)

Smoking history
Never 8 (9.3%) 0 (00.0%) 7 (9.7%)
Past 46 (53.5%) 3 (75.0%) 37 (51.4%) 0.759
Current 32 (37.2%) 1 (25.0%) 28 (38.9%)

Smoking
Never 8 (9.3%) 0 (00.0%) 7 (9.7%) 1.000
Ever 78 (90.7%) 4 (100%) 65 (90.3%)

Age at onset of smoking: 20.6 (6.4) 30.0 (8.9) 20.1 (6.0) 0.061†
Age at smoking cessation: 55.9 (9.0) 53.7 (7.2) 55.6 (8.7) 0.492†
Years of smoking: 34.4 (10.6) 29.5 (0.7) 33.6 (9.7) 0.519†
Time since ceased smoking: 12.4 (12.0) 22.7 (12.7) 11.8 (12.2) 0.133†
Total pack years: 37.9 (16.9) 30.0 (00.0) 37.3 (16.9) 0.285†
Exposure to asbestos

No 62 (72.1%) 3 (75.0%) 52 (72.2%)
Yes 15 (17.4%) 1 (25.0%) 13 (18.1%) 1.000
Not known 9 (10.5%) 0 (00.0%) 7 (9.7%)

Histological type
AC 42 (50.0%) 1 (25.0%) 28 (38.4%)
SCC 31 (36.9%) 3 (75.0%) 36 (49.3%) 0.463
LCC
Other 11 (13.1%) 0 (0.0%) 9 (12.3%)

Disease outcome
Alive 29 (31.5%) 2 (50.0%) 23 (31.5%) 0.592
Died of disease 63 (68.5%) 2 (50.0%) 50 (68.5%)

Mean DSS (SD), months 13.3 (10.1) 25.5 (17.1) 12.8 (10.4) 0.153†
Mode of therapy‡

Operative treatment 13 (16.9%) 2 (50.0%) 11 (15.1%) 0.130
Radiotherapy (tumour) 19 (24.7%) 3 (75.0%) 16 (21.9%) 0.044
Radiotherapy (elsewhere) 24 (31.2%) 0 (00.0%) 24 (32.9%) 0.304
Chemotherapy 77 (100%) 4 (100%) 73 (100%) 1.000

*The original cohort; 15 patients were excluded from HPV testing because there were no tissue samples; **Comparison between HPV-positive and
HPV-negative patients, Fisher’s exact test, if not otherwise specified; †Mann-Whitney exact test; ‡Recorded for the 77 patients only; SCC, squamous
cell carcinoma; AC, adenocarcinoma; LCC, large cell carcinoma; DSS, disease-specific survival. 



as long (22.7 vs. 11.8 years) as among HPV-negative patients,
and importantly, the total number of pack years was markedly
less (30 vs. 37.3) in HPV-positive patients. There were no
differences between the two groups regarding their exposure to
asbestos. Despite a minor preponderance of adenocarcinomas
in the cohort, three out of the four HPV-positive carcinomas
belonged to the squamous cell type (p=0.463). Disease-specific
survival was twice as long (>25 months) for patients with HPV-
positive carcinomas than for their HPV-negative counterparts
(12.8 months). This, however, is explained by the fact that a
higher proportion (2/4) of the former were amenable to surgical
treatment as compared with the latter (15.1%). 

We analyzed the covariates associated with HPV, using both
univariate and multivariate regression models, as depicted in
Table II. Using HPV status as the endpoint, age was a
significant covariate, increasing age being associated with HPV
at an OR=1.17 (95% CI=1.05-1.30; p=0.003). Other significant
univariate predictors of HPV status included: i) age of smoking
onset (p=0.027) (higher for HPV-positive patients), ii) years of
active smoking (p=0.036) (fewer in HPV-positive patients), and
iii) total pack years (p=0.002) (markedly fewer for HPV-
positive patients). When all covariates that were significant in
the univariate model were entered into the multivariate model,
the only variable remaining significantly associated with HPV
detection was absolute age, with OR=1.16 (95% CI=1.04-1-39)
(p=0.008). All other covariates lost their significance as
independent predictors. 

Discussion

In the present study we were able to confirm that a subset of
lung cancer cases were associated with HPV. In the era of
prophylactic HPV vaccination, the interest in lung cancer as
a potential HPV-associated disease has increased
substantially, as recently reviewed (12-14). Since 2002 (12),
the literature on HPV and lung cancer has exploded, and
more than 30 new studies have been published (25-39). Two
recent meta-analyses (13, 14) raised several important issues,
also addressed in the present study. 

The cohort used in the current study represents a
characteristic series of lung carcinomas from a country
where this malignancy is the leading cause of cancer
mortality. In its composition, this cohort is very similar to
the two classical lung cancer cohorts analyzed for HPV in
the 1980s (40, 41). Not unexpectedly, the prevalence of HPV
DNA is also very similar; 4/77 (5.2%) cases in the present
series as compared to 5% (40) and 6.8% (41) detected by in
situ hybridisation in our previous cohorts. These figures are
also in alignment with the data presented in the recent meta-
analysis (14), implicating a substantial heterogeneity (from
0 to 78.3%) in HPV prevalence of lung cancer across the
different geographic regions. While 50% (7/14) of the
European studies reported no or low HPV prevalence (up to
10%), only 22% (4/18) of the Asian studies did so. Similarly,
when the analysis was limited to HPV16 and HPV18,
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Table II. Covariates associated with HPV positivity in univariate and multivariate regression analysis.

Covariates Crude OR (95% CI) p-value *Adjusted OR (95% CI) p-value

Age (continuous) 1.17 (1.05-1.30) 0.003 1.16 (1.04-1.31) 0.008
Gender (female ref.) NC1

Smoking history:
Never
Past (ref) 1.0 0.491
Current 0.44 (0.4-4.53)

Smoking (yes/no) NC2

Age at onset of smoking 1.18 (1.01-1.37) 0.027 1.27 (0.89-1.79) 0.179
Age at stop of smoking 0.97 (0.88-1.07) 0.597
Years of smoking 0.94 (0.90-0.99) 0.036 0.92 (0.80-1.06) 0.300
Time since cessation of smoking 1.06 (0.98-1.14) 0.112
Total pack years 0.97 (0.95-0.98) 0.002 1.03 (0.96-1.12) 0.350
Exposure to asbestos

No (ref) 1.0
Yes 1.33 (0.12-14.12) 0.811

Histological type:
AC (ref) 1.0
SCC 3.85 (0.37-39.78) 0.257
LCC
Other

*Adjusted for all significant covariates in the univariate model; NC, not computable; 1all HPV-positive patients were males; 2all HPV-positive
patients were smokers; OR, odds ratio; CI, confidence interval.



prevalence was markedly higher in Asia, at 11.6% and 8.8%,
respectively, than in Europe (3.5% and 3.6%) (14).
Furthermore, studies using HPV-specific primers resulted in
higher prevalence rates than produced the use of consensus
HPV primers. The present data imply two things: i) HPV
prevalence in the present cohort seems to be comparable with
the those of other lung cancer studies from Europe; and ii)
there has been no substantial increase in HPV prevalence in
lung cancer since the 1980s in Finland (40, 41). 

Most of the studies published until 2001 (12), only
reported HPV detection in lung cancer, with no or little
attention to the other risk factors involved. During the past
few years, however, more attention has been focused on i)
smoking history, ii) gender, and iii) histological type of the
tumor (25-39) similarly as performed for head and neck
cancer associated with HPV. Of particular recent interest are
the studies assessing lung cancer in smokers and never-
smokers (25, 27, 29, 30, 42). Indeed, substantial differences
in epidemiological, clinical and molecular characteristics of
lung cancer among never-smokers versus smokers have been
identified, striking enough to suggest that lung cancer is a
different disease in these two groups (3), as also found
earlier for HPV-associated head and neck cancers This has
also prompted an intense search for HPV in lung cancer
among never-smokers (25, 27, 29, 30, 42). A Taiwanese
study reported that female lung cancer patients who were
never-smokers and >60 years of age had a significantly
higher prevalence of HPV16/18, proposed to account for the
high lung cancer prevalence and death rates among never-
smoking women in Taiwan (42). 

In another study (27), focused on detection of HPV6/11 in
lung cancer, HPV6 infection was significantly related to
gender (p=0.002) and smoking status (p=0.014). Given a
higher prevalence of HPV6 in male lung cancer patients, the
authors suggested that not only might different HPV infection
routes exist for the two genders, but also that HPV6 infections
may act as prospective early markers of risk for lung cancer
among male smokers in Taiwan (27). Similarly in our two
previous cohorts (40, 41), we also detected HPV6 in one of
our patients, as part of double-infection with HPV16. Because
all our HPV-positive patients were males and all were
smokers, we were unable to perform this type of comparison
in the present study. Similarly, a markedly higher frequency
of loss of heterogeneity (LOH) of fragile histidine triad
(FHIT) among HPV16-positive female lung cancer patients
was observed, suggesting that HPV16-induced carcinogenesis
might proceed through LOH of FTIH (30). Another potential
pathway proposed for HPV-induced lung carcinogenesis
among women non-smokers was through the increase of
DNA methyltransferase-3b protein expression causing
p16INK4a promoter hypermethylation (28, 29). Until now, far
too little attention has been attributed to yet another potential
pathway of lung carcinogenesis, namely that of malignant

transformation of bronchial squamous cell papillomas.
Indeed, the latter are closely associated with HPV; of the 61
cases analyzed until 2002, almost one half (n=29, 47.5%)
were HPV-positive (12). 

As to the third point of interest, the histological type of
the cancer, our original observations only reported HPV in
SCC (5-7, 40, 41). More recently, however, we also observed
HPV in adenocarcinomas of the lung (15, 16). This has also
been confirmed more recently in several other studies (32,
37, 43, 44). In the present series, there was a slight
predominance of adenocarcinomas over SCCs (42 vs. 31),
but three out of four HPV-positive lesions were SCCs. This
implies that in lung cancer, HPV is not exclusively confined
to the squamous cell type, but also as in the uterine cervix,
appears in adenocarcinoma. The small number of HPV-
positive carcinomas in the present series precludes any
feasible assessment of the possible prognostic value of the
virus, as recently implicated in head and neck carcinoma
where overall survival seems to be more favorable for those
with HPV-positive carcinomas (45). Interestingly enough,
however, the disease-specific survival of the four patients
with HPV-positive carcinoma was twice as long as the one
observed in those with HPV-negative lesions, but one cannot
exclude the mode of treatment as a confounding factor.

Taken together, these data imply that HPV was not
confined to lung cancer in never-smokers, but instead seems
to be detected in those with a long history of smoking.
However, as compared with their HPV-negative counterparts,
these four HPV-positive patients share some features that
would suggest a lower risk for lung cancer: they started
smoking 10 years later than HPV-negative patents, they had
at least five total smoking years less, they had significantly
fewer total pack years, and more importantly, three out of
four had stopped smoking for an average of >22 years prior
to lung cancer diagnosis. It is common knowledge that the
risk of lung cancer remains higher after cessation of
smoking, but approaches the one of non-smokers after
several years abstinence from smoking (46). As recently
stated by Doll et al., those who stop smoking at 50 or 60
years of age avoid most of their subsequent risk of lung
cancer attributable to tobacco (46). Despite these features of
a lower risk, these four patients in our cohort developed lung
cancer, but at a significantly older age than the average
patient of this cohort. 

It is tempting to speculate that in this case, it is the
oncogenic HPV that maintains the elevated risk for these
patients, eventually leading to lung cancer, although with a
marked delay. In these patients, oncogenic HPV could
substitute or replace cigarette smoking as a risk factor of
lung cancer. Whether this takes place by synchronous HPV
infection during the period of active smoking, or as
metachronous infection after smoking cessation, remains
unclear because of the lack of longitudinal data.
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Interestingly, it was recently suggested that HPV detected in
bronchioalveolar lavage samples (47) or in circulation (48)
might be a useful marker for increased lung cancer risk, at
least in geographic regions with a high prevalence of HPV-
associated lung cancer, e.g. in Taiwan.  

To conclude, the present cohort, originating from a
country with high-incidence of lung cancer disclosed a low
prevalence (5.2%) of oncogenic HPV (HPV16), similar to
the one in previous cohorts from the same country that
originally suggested the link between HPV and lung cancer.
Similarities with HPV-associated head and neck cancer and
their risk factors require further studies (5-7, 40, 41, 45).
These data support the conclusions of a recent meta-analysis
(14), indicating that HPV is rare in lung cancer in Western
countries, but markedly more common in Asian countries.
Given the similarities with another emerging HPV-associated
type of cancer (oesophagus cancer) (18), it is tempting to
speculate that lung cancer also has different etiology in
different geographic regions, i.e. HPV-associated and non-
HPV-associated disease (12-14, 25-39). Before this fact can
be firmly established, however, the evidence is equally
compelling as for the causal role of HPV in cervical cancer
(49), several open issues remain to be answered (12, 13, 50). 
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