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Abstract

Aims—Smoking and human papillomavirus (HPV) are both distinct risk factors for head and
neck cancer but the nature of interaction between these two risk factors in development of head
and neck cancer remains unclear The purpose of this review is to determine the potential effect of
smoking in causation of HPV related head and neck carcinoma.

Method—A literature search was carried out using keywords human papillomavirus, head and
neck cancer, smoking, tobacco, and cervical cancer. The English language articles, references and
other relevant studies evaluating the association of smoking, HPV and risk of head and neck
cancer were collected and analyzed.

Conclusion—OQverall, our review points to smoking tobacco posing an additional risk for
development of head and neck cancer in the presence of HPV infection. This is consistent with
available laboratory data which show evidence of biological plausibility for interaction between
smoking and progression of HPV infection to carcinogenesis. It is therefore important that
cessation of smoking is promoted in smokers with HPV infection.

1. Introduction

The evidence for a link between human papillomavirus (HPV) and head and neck squamous
cell carcinoma (HNSCC) has been growing ever since it was first proposed [1-4]. The
literature, however, presents conflicting accounts about the nature of association between
smoking and HPV in causation of HNSCC. In cervical cancer, a disease strongly associated
with HPV, numerous studies point to a synergistic effect of smoking in the progression from
cervical HPV infection to frank cervical cancer [5-7]. Smoking has been found to prolong
the cervical HPV infection resulting in development of cervical dysplasia, progression of
dysplasia towards higher grades of cervical intra-epithelial neoplasia and ultimately,
invasive carcinoma [8-12]. It has also been suggested that HPV infection alone may not be
sufficient for causation of cancer, and other co-factors like tobacco consumption may be
required to evince its carcinogenetic effect [13-15]. Although much of our understanding
about HPV in HNSCC is based on the model of cervical cancer, the degree of interaction
between smoking and HPV in HNSCC is not well delineated. Some authors have observed
no association [4,16-19] while other studies demonstrate an additive or synergistic
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association [20-23]. Our review critically appraises the current state of the literature and
seeks to determine the effect of smoking in HPV-related head and neck cancer

2. Methodology

3. Results

We searched MEDLINE and Google Scholar electronic databases independently for the
terms human papillomavirus, head and neck cancer, smoking, tobacco, and cervical cancer.
We reviewed the articles available in English from 1980 through 2010 and their references.
The related articles link and hand searching using key terms were utililized to locate
additional relevant studies. The methodology, results, and conclusions sections of the studies
were reviewed. Out of over 150 citations, we collected details on all studies which explored
the association between HPV and smoking in development of HNSCC. Table 1 presents a
summary of the selected studies included in our review. Based on their reported conclusions,
we found the studies to be mainly of three categories: (a) studies with evidence that HPV is
associated with an increased risk of HNSCC in nonsmokers, (b) studies with no difference in
HPV-related HNSCC prevalence between smokers and nonsmokers, and (c) studies with
evidence of an additive or synergistic effect between smoking and HPV-related HNSCC
These articles and their inferences about the interaction between smoking and HPV in
HNSCC are analyzed below.

3.1. What is the evidence that HPV is associated with an increased risk of HNSCC in
nonsmokers?

Several studies found an association with an elevated risk of HNSCC only in nonsmokers,
and we review here the key findings from their reported results and conclusions. For
instance, Snijders et al detected HPV DNA in 20.6% (n=13) of 63 patients with HNSCC and
concluded smoking was not an added risk factor in the development of HNSCC [24]. It
should, however, be noted that out of the HPV-positive tumors in this study, 16.7% were
nonsmokers, 28.6% were heavy smokers (>20/day), and 50% were former smokers [24].
Thus, a large proportion of HPV-positive cases had exposure to tobacco as well. Fouret et al
observed a 50% prevalence of HPV infection in nonsmokers (n=5 out of 10 nonsmokers;
95%Cl = 1.9-8.1) as compared to 8.5% prevalence in smokers (n=15 out of 177 smokers;
95%CI = 0.5-1.4) [16]. The number of nonsmokers in this study was considerably small.
Koch et al noted a twofold higher rate of HPV-associated tumors in non-current smokers in
comparison to current smokers (OR = 2.2; 95% CI: 1.0-4.7; p = .05) [25]. The p value of
this study is only marginally significant and the group of non-current smokers included both
never smokers and former smokers.

A hospital-based case-control study examining the risk factor profiles for 240 cases with
HNSCC and stratified by tumor HPV-16 status as determined by in-situ hybridization found
that neither smoking status (P¢eng = 0.40) nor increasing intensity (Pireng = 0.27) or
increasing duration (Pyeng = 0.55) increased the odds of HPV-positive HNSCC [26].
However, very heavy daily use of tobacco (> 2 packs or 40 cigarettes) showed a trend
towards increased odds of HPV-positive HNSCC (OR = 3.2, 95% C.I. = 0.73 - 13.9) [26].
Another study conducted by these authors evaluated the interaction between tobacco and
exposure to HPV as assessed by detection of serum antibodies to the HPV-16 L1 protein.
They found no evidence of synergy between exposure to HPV and smoking [17]. Both HPV
L1 seropositivity (OR = 27.8, 95% C.I.= 6.7 — 114.6, p=0.12) and oral HPV infection (OR =
13.2, 95% C.1.= 2.4 = 65.8, p=0.29) were highly associated with oropharyngeal cancer
among patients with a history of heavy tobacco use (>20 pack-years), however, the
association was greater among patients without such a history (OR for seropositivity = 37.1,
95% C.l.= 15.6 — 88.4; OR for oral HPV16 infection = 17.2, 95% C.1.= 6.4 — 46.3). HPV 16
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seropositivity and risk of HNSCC was also analyzed by Applebauam et al. [19]. They
observed that, among never smokers, the risk of pharyngeal cancer increased approximately
30 fold for the HPV16-seropositive subjects compared with the seronegative subjects (OR =
32.5,95% CI = 13.3 to 79.5). However, among the HPV16-seropositive subjects, smoking
cigarettes did not increase risk of pharyngeal cancer [19]. A wide confidence interval of the
measured association of risk is obvious in these three above mentioned studies.

In addition to the authors finding an association of HPV and HNSCC only in nonsmokers,
there are researchers who observed no difference by smoking status in HPV-positive and
HPV-negative tumors [4,27-30]. Paz et al compared the clinical behavior of HPV-positive
and HPV-negative HNSCC but found no statistical association between HPV status of
tumors and tobacco use [27]. In high risk disease sites like the oropharynx, the proportion of
tobacco users in the HPV-positive cases was 81% as compared to 85.7% in HPV negative
cases [27]. In a study by Gillison et al, smokers were more frequent than nonsmokers in the
HPV-negative HNSCC group (67% vs. 63%), whereas nonsmokers were more frequent than
smokers in the HPV-positive oropharynx group (15% vs. 13%). These differences were not
statistically significant [26].

3.2. What is the evidence that smoking increases the risk of HPV-associated HNSCC?

Our review brings to the forefront several studies which have found an additive or
synergistic interaction between smoking and an increased risk of HNSCC in HPV-infected
individuals. One of these studies comes from a large multicenter group which investigated
the interaction between smoking and HPV serology status of patients with HNSCC. They
found the risk to be additive for smoking and HPV E6/E7 seropositivity [20]. When
compared with never smokers who were negative for HPVV16 E6 and E7, smokers who were
negative for HPVV16 E6 and E7 (OR=11.2, 95% CI= 5.9 to 21.4), never smokers who were
positive for HPVV16 E6 or E7 (OR= 64.5, 95% Cl= 18.3 to 226.7), and smokers who were
positive for HPVV16 E6 or E7 (OR=56.2, 95% Cl=22.5 to 140.4) had an increased risk for
cancer of the oropharynx [20]. This association showed a pattern typical of an additive effect
between the two risk factors: smoking and HPV.

An additive interaction was observed in another study in which HPV positive smokers had a
greater risk of head and neck cancer (OR = 5.5, 95% Cl=2.1-14.1) than individuals who
used tobacco (OR= 1.6, 95% C.I. = 0.9-2.8) or were detected with HPV (OR= 1.4, 95% C.I.
= 0.5-3.6) alone [23]. HPV was detected in oral exfoliated cells and a hemocytometer was
used to ensure an adequate number of cells for each Polymerase Chain Reaction (PCR) of
every sample to detect HPV DNA. In order to reduce the potential misclassification bias
associated with carcinogenic effects from exposure to tobacco, the analysis was restricted to
the group who never used tobacco, excluding both low and former users. In a later study of
201 incident cases of HNSCC by the same group of authors, OR for heavy smoking (>30
pack-years) and HPV VLP (Virus like Protein) seropositivity was found to be 2.3(95%
C.1=1.1-4.8) while for heavy smoking and HPV sereonegativity, it was 2.6 (95% C.I. =1.4—
5.0). The authors therefore concluded that tobacco smoking significantly increased the risk
of cancer in HPV-seropositive individuals and that HPV infection may not be sufficient but
requires the accumulation of additional cellular changes to cause HNSCC [22].

A population-based case control study on 284 patients with oral and oropharyngeal
squamous cell carcinoma demonstrated a synergistic interaction between smoking and HPV
serology in increasing the risk of HNSCC [21]. The joint association of cigarette smoking
and HPV-16 seropositivity (OR = 8.5; 95% CI = 5.1-14.4) was much stronger than
predicted from the sum of individual associations with smoking (OR = 3.2; 95% CI = 2.0-
5.2) and HPV-16 seropositivity (OR = 1.7; 95% CI = 1.1-2.6). This study used a sex and
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age matched control and detected the presence of HPV by PCR of tissue samples as well as
Enzyme Linked Immunosorbent Assay (ELISA) for detection of antibodies to L1 [21].

Along with a positive interaction towards causation of HNSCC, tobacco smoking has
showed a strong statistical trend for an adverse effect on disease specific survival [31-33].
An increase in distant metastases and tumor recurrence among HPV-positive patients was
observed in a study by Maxwell et al [32]. Heavy smoking of more than 20 pack-years has
been reported by Gillison et al to be associated with an increased hazard ratio of death (HR=
1.79) in HPV-positive oropharynx cancer patients relative to HPV-positive oropharyngeal
cancer with <20 pack-years [33].

4. Discussion

Overall, the putative evidence from the above review points to smoking posing an additional
risk for development of HNSCC in presence of HPV infection. Where counter examples of
such an association exist, the studies are limited by small sample sizes [16,24], weak
statistical evidence, [16,17,24-26] and inconsistent definitions of smoking status [25].
Criteria of light and heavy smoking, as well as the definition of current, never, and former
smokers, are not uniform. The dose and duration of tobacco exposure in most of the studies
is self-reported. The strength of the reported conclusions would have been greater if the
exposure had been confirmed with cotinine or other bioassays. On the other hand, the
studies showing an additive or synergistic interaction between smoking and HPV have
larger sample sizes and adequate controls [20-23] which support greater generalizability of
these results to other populations.

4.1. Is it biologically plausible that smoking can promote development of HPV-related

HNSCC?

A positive association between smoking and HPV toward causation of HNSCC appears to
be biologically plausible based on our review of clinical studies and supporting evidence of
pathological interactions between the two risk factors. HPV may have evolved mechanisms
to escape immune-surveillance but the transient nature of infection lends little credence to its
ability to cause neoplastic changes in the absence of any contributory factors [11,14,22,34].
In HPV infection of head and neck particularly, the viral copy number has not been found to
be substantially increased, suggesting that alternate pathways mediated by co-carcinogens
like tobacco may be involved in HNSCC related to HPV [35].

Tobacco has been potentially linked with all major phases of HPV-related carcinogenesis:
initiation, promotion, and progression. Histopathologically, smoking causes cellular and
structural alterations in tonsils, leading to an increased oral acquisition of HPV [36]. This
has been corroborated clinically as researchers have observed a high prevalence of HPV
infection in smokers, particularly current smokers [37]. Smoking is also known to suppress
the mediators of immune function thus facilitating persistence of HPV infection—a step
crucial to development of HPV-related cancer [8,11]. Inactivation of the tumor suppressor
gene p53 by the HPV E6 oncoprotein is an important step in causation of HPV related
malignancy at the molecular level [19,20,26,38]. The DNA damage caused by smoking may
further impair the cell’s ability to recuperate from the mutagenic insults along with an
increase in frequency of p53 mutations [39,40]. It has also been suggested that the
carcinogenetic potential of HPV increases with viral integration with host DNA, an effect
resulting in overexpression of HPV oncogenes. The process of integration occurs at fragile
sites or ‘hot spots’ of DNA breakage and there is evidence that tobacco smoking induces
DNA breaks in human cells [41-43]. Thus, an increased frequency of HPV integration in
smokers may increase the risk of carcinogenesis in the presence of HPV infection.
Moreover, laboratory research has found current smokers to have statistically significantly
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greater viral loads than never smokers, thus implying that cessation may result in attenuation
of the viral load [44].

Tobacco-associated genetic or epigenetic alterations have also been postulated to result in
acceleration of the disease progression in HPV infected individuals [31,32,45]. This is
supported by clinical and pathological evidence of a poorer survival of HPV-positive
HNSCC patients in smokers as compared with HPV-positive patients with nonsmokers [31-
33,45,46].

4.2. Can individual susceptibilities influence measures of association between HPV and
tobacco exposure for development of HNSCC in different studies?

As the current paradigm is shifting towards understanding the molecular progression of
HPV-related head and neck tumors, it is becoming recognized that individual susceptibilities
may explain the variation in relationship between smoking and HPV. Variants of highly
polymorphic but critical tumor-suppressor genes like p53 and p73 interact with the HPV
oncoproteins E6 and E7 and result in a much higher risk of HPV-16 associated oral cancer
in nonsmokers than ever smokers [47-49]. The frequency of the high-risk polymorphisms
among cases in one of the studies was 40 — 44% [48]. Though a detailed discussion of these
individual variations is beyond the scope of our review, it would be a relevant factor for
future studies on the interaction between HPV and smoking.

5. Conclusion

Our review of the existing literature on the association between smoking and HPV in
causation of HNSCC identifies smoking to have the potential to promote infection,
persistence, and the carcinogenetic effect of HPV. Though prospective studies on the natural
history would better unravel the possible interactions, on the basis of the current laboratory
and clinical studies, we conclude that the HPV-related tumors should not be considered as
an occurrence exclusive to nonsmokers. Thus, along with close surveillance for early
detection of HNSCC, early cessation of smoking should be considered imperative in
smokers, particularly heavy smokers with HPV infection. Current evidence indicates that
stop smoking efforts can lead to a reduction in the viral loads and slow the progression to
HPV-related malignancy. Cessation is sine qua non also in view of evidence of a poorer
survival status and increased risk of recurrence in smokers with HPV-positive HNSCC as
compared to nonsmokers.
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