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Head and neck squamous cell carcinomas (HNSCCs) remain a significant cause of morbidity and represent
the sixth most common malignancy diagnosed worldwide. Tobacco use and alcohol consumption are the most
important risk factors for the development of HNSCC. However, epidemiological studies reported an
association with human papillomavirus (HPV) infection in a subgroup of HNSCCs. The prognosis of patients
with HPV-positive HNSCC is widely discussed in the literature, with contradictory results being reported.
Most authors report that the presence of HPV is a favorable prognosis factor with regard to recurrence and
survival. However, other studies did not show a correlation between HPV infection and clinical outcomes or
showed that HPV-positive patients had a worse prognosis. In this review, we propose various hypotheses that
could explain this discrepancy including the anatomical site, patient immunosuppression caused by the virus
or cigarette smoking and the interactions between tobacco and HPV. In fact, smoking and immunosup-
pressive status could have the potential to favor the carcinogenic effect of HPV. We also suggest that it is
important to separate clearly HPV-positive HNSCC tumors related to tobacco and alcohol consumption
from HPV-positive HNSCC tumors without these classical risk factors in order to evaluate the prognosis.
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ead and neck squamous cell carcinomas
H (HNSCCs) remain a significant cause of morbid-

ity worldwide, with as many as 466,831 and
168,368 cases diagnosed in 2008 among men and women,
respectively (1-3). Collectively, HNSCCs represent the
sixth most common malignancy diagnosed worldwide
(3). HNSCCs constitute a collection of diseases that
may differ in histological features, pathogenesis, biology,
sub-location, and response to treatment. These divergent
features can affect quality of life parameters as well as
survival (2, 3). HNSCCs involve different anatomical
areas, such as the larynx, oral cavity, hypopharynx,
oropharynx, sinonasal tract, and nasopharynx. In the
early clinical stages of the disease (I and II), HNSCC
patients have similar survival rates with a 5-year survival
rate between 70 and 90% (independent of the sub-location
or treatment) (4). In contrast, in the advanced clinical
stages of the disease (IIT and IV), patients display different
survival rates depending on the tumor histological type

and sub-location (4, 5). The treatment of advanced-stage
disease combines surgery, radiation oncology, medical
oncology, medical imaging, and clinical pathology (2-5).
Unfortunately, concomitant chemoradiotherapy, which
is the gold standard treatment for advanced-stage disease,
is frequently associated with adverse side effects, such as
dysphagia, dysphonia, and even conditions that require
a tracheotomy. Therefore, even if significant progress has
been obtained with combined treatments, the following
statements regarding HNSCCs remain valid: 1) almost two-
thirds of HNSCC patients have advanced forms (stages
IIT and IV) of the disease at diagnosis, 2) 50% of HNSCC
patients die within 2 years following the initial diagnosis,
and 3) 5% of the patients develop additional primary tumors
yearly. Therefore, novel approaches are needed to provide
head and neck oncologists with a more effective armamen-
tarium against this challenging disease (6).

Tobacco use and alcohol consumption are the most
important risk factors for the development of HNSCC.
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However, a small population of HNSCCs is not exposed
to these risk factors (7). In this regard, Sturgis and
Cinciripini reported that the overall incidence of HNSCC
has declined in the United States over the past 20 years.
The decline in HNSCC incidence was attributed to a
decrease in smoking. Nevertheless, the study also described
an increase in the frequency of tongue and pharyngeal
cancers (8). These findings suggested that other risk fac-
tors could be related to this observation. In this context,
human papillomavirus (HPV), which is the primary cause
of cancer of the uterine cervix, has received considerable
attention in the recent years (9).

The significance of oncogenic HPV infection and its
relationship to patient prognosis remains an important
matter of debate, especially considering the contradic-
tory results presented in the literature (10—12). Generally,
most authors report a favorable prognosis in patients with
HPV-positive HNSCC (13-15). Other studies showed no
association between HPV positivity and patient prognosis
(7, 12, 16-18), whereas others suggested that the HPV-
positive subgroup correlates with a greater risk of recur-
rence or developing a second primary tumor (11, 19-21).

To better understand these conflicting results, we re-
viewed various hypotheses that could explain this discre-
pancy, such as the anatomical site, tobacco consumption
and immune status of the patient.

Anatomical site: oropharyngeal cancer versus
non-oropharyngeal cancer

As mentioned above, many studies showed that HPV-
positive HNSCC exhibits a reduced risk of tumor recur-
rence and better survival than HPV-negative cancers
(7, 10, 13-15, 22-26). For example, a US survey, made
on patients presenting HNSCC, reported that a concomi-
tant infection by HPV improves the prognosis of patients.
Indeed, they found that only 6% of HPV-positive patients
died from cancer and that none of them presented a dis-
ease recurrence while 46% of HPV-negative patients died
from cancer and 31% developed a recurrence (27). How-
ever, most studies demonstrating increased survival were
performed on patients with cancers of the oropharynx
(13, 28, 29). Several meta-analyses examining the relation-
ship between HPV and overall survival showed no
difference in survival between HPV-positive and HPV-
negative patients diagnosed with head and neck cancer
(non-oropharyngeal) (30, 31). In 2000, Gillison et al.
made similar observations, suggesting that oropharyn-
geal tumors may have a different etiology than non-
oropharyngeal carcinomas (7). Although the mechanism
of improved survival remains unclear, there are several
possible explanations. HPV-positive cancers may display
enhanced radiosensitivity due to a wild-type TP53, allow-
ing an apoptotic response of cancer cells to chemora-
diotherapy. Alternatively, HPV-positive patients do not
abuse tobacco and alcohol and pRB and p53 pathways

are only compromised by E6 and E7 binding (9, 26, 32).
Moreover, the better overall survival of HPV-positive
oropharyngeal patients may depend on their younger age
at diagnosis. Indeed young people who had oral sexual
practices are more susceptible to contract HPV infection
in the oropharynx. Tonsils, as the uterine cervix, are
composed of many crypts that may collect viral particles.
In addition, squamous epithelia of the cervix and tonsils
derive from the same embryonic endodermal layer.
Although most HPV-related oropharyngeal cancers dis-
play a positive prognosis, it is evident that there is a subset,
which behaves more aggressively and leads to poor clinical
outcome (33, 34). Recently, Ang et al. demonstrated that
oropharyngeal patients have a different prognosis accord-
ing to the HPV status, smoking and tumor node stages.
Patients with stage IIT and IV HPV-positive oropharyngeal
SCCs were considered to be at low risk while smokers with
advanced nodal stage were associated with an intermediate
risk. HPV-negative oropharyngeal SCCs were reported
to be at high risk and the non-smokers with T2-T3 stages
were at intermediate risk (29). Other studies have failed
to show an association between HPV-positive cancers and
prognosis (12, 16, 18, 35). In contrast, several investiga-
tors showed that, among patients with oropharyngeal
and oral cancers, the HPV-positive group has a higher
risk of recurrence or developing a second primary tumor
(11, 20, 21). In 1994, Clayman et al. demonstrated that
HPV positivity is significantly correlated with decreased
survival (19). Two Swedish studies also demonstrated
that oral HPV infection is associated with a dramati-
cally increased risk of oral SCC development (11, 20). The
reasons for the poor prognosis of HPV-positive HNSCC
patients have not been elucidated but one possible ex-
planation is that immunosuppression may promote HPV
infection. Indeed, several studies made a link between
many viral infections and an immunosuppressive state
of the patient (36-38). These co-infections may play an
important role in the initiation of neoplastic transfor-
mation in human oral epithelial cells. HPV infections
are also involved in several tumor cell immune escape
responses. Indeed, the correlation between HPV infection
and a poor prognosis could be related to the patient’s
immune status. We will detail these hypotheses in the
following paragraphs.

Immune system

Immune escape and HPV

HPV immune escape is crucial for the establishment of
a persistent infection, a key event for HPV-induced cel-
lular transformation. However, the correlation between
HPYV infection and prognosis could be influenced by the
smoking status of the patient (see next chapter). Several
studies identified non-smoking HPV-negative patients as
well as heavy smokers with HPV-positive status. Moreover,
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Fig. 1. Immunosuppressive mechanisms in the tumor microenvironment. HPV developed several mechanisms to escape the host
immune system such as the suppression of immune responses via the modulation of pro-inflammatory cytokines, type 1 interferon
(IFNo, IFN) and adhesion molecules expression. There is also an inhibition of Thl response in the presence of a switch from Thl to
Th2. The capsid of HPV particles may influence the recruitment, stimulation and trafficking of Langerhans cells (LC) and dendritic
cells (DC). The preneoplastic cells infected by HPV exhibit a reduced expression of major histocompatibility complex class I (MHCI),
transporters of antigenic peptides (TAP) and low-molecular proteins (LMP), thereby preventing cytotoxic T cell induction.

tobacco consumption is also known to suppress immune
function, facilitating infection persistence.

To avoid detection by the host’s immune defense
system, HPV has developed several mechanisms. Viral
gene expression and protein synthesis are confined to
keratinocytes, which are programmed to die. Therefore,
HPV replication does not directly cause cell death and
does not give danger signal to the immune system (39, 40).
Because cell lysis does not occur, pro-inflammatory
cytokines, which are important for the activation and
migration of dendritic cells, are not released (39, 40). HPV
has no blood-borne phase. Therefore, only minimal
amounts of the replicating virus are exposed to the immune
system. Thus, HPV is practically invisible to the patient’s
immune system (40, 41). Another HPV-evolved mechan-

ism is that HPV oncoproteins avoid the effects of type
I interferon, which are classified as anti-viral, anti-
proliferative, anti-angiogenic and immune stimulatory
(41) (Fig. 1). The L1 major capsid may differentially
influence the trafficking of human dendritic cells or
Langerhans cells according to the vaccination or natural
infection context. However, Langerhans cells that come in
contact with the L2 minor capsid are not phenotypically
or functionally mature (42, 43). The E6 oncoprotein also
blocks monocyte differentiation into a competent antigen-
presenting cell (44) (Fig. 1). The inhibition of protective
immune responses may also result from the decreased
production of soluble or adhesion molecules that activate
the migration and function of Langerhans and dendritic
cells, such as E-cadherin (45). HPV also reduces the
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expression of major histocompatibility complex class
I (MHCI), proteasome subunits, low-molecular-mass
proteins (LMP) and the transporters of antigenic peptides
(TAP) (41, 46). Kanodia et al. described an additional
evasion mechanisms employed by HPV to suppress im-
mune responses, mainly the modulation of chemokines
(suppression of MCP-1 expression, down regulation of
IL-8 expression, alteration of CCL20 expression) and
pro-inflammatory cytokines (down regulation of IL-18
expression) expression and inhibition of the Thl response
via induction of a shift from Thl to Th2 (41, 47) (Fig. 1).
Two studies proposed that the immune system failure
may be explained by the fact that the E7 oncoprotein
shares similarity with several human proteins, such as
the xeroderma pigmentosum group G complementing
protein (XPGC) and the retinoblastoma binding protein
1 (RBP-1). The consequence is that the immune system
may not recognize HPV oncoproteins as foreign molecules
but as self-molecules (48, 49).

Possible impacts of HPV on the immune system of
HNSCC patients

In the literature, there are few data on the interactions
between the host immune system and HPV infection in
head and neck cancers. Therefore, the role of innate and
adaptive immunity in the development and the progres-
sion of HPV-positive head and neck cancer is largely
unknown.

Similarly, Albers et al. and Hoffmann et al. found
that patients with HPV16+ HNSCC exhibit an increased
number of T cells specific for peptides derived from the
HPV E7 oncoprotein compared with HPV-negative can-
cers patients or healthy volunteers (50, 51). These studies
suggest that antiviral immunity can be maintained against
E7. However, T cells are unable to eradicate tumors
(51), perhaps due to tumor cell escape mediated by the
absence of recognition by cytotoxic T lymphocyte (CTL)
(50). Indeed, decreased expression of the components
of the antigen presentation machinery (APM) and HLA
class I antigens was observed in HPV-16+ carcinomas
compared with adjacent normal squamous epithelium
(50). Recently, another study indicated that the specific
T cell immune response against HPV-16 included CD4+ T
cells and CD8+ T cells (52). Further studies are therefore
required to explain this tumor resistance.

Wansom et al. studied HNSCC patient peripheral blood
to determine the clinical importance of adaptive immunity
and whether it affects patient outcome. An increased per-
centage of CDS cells and a reduced CD4:CD8 ratio were
observed in HPV16+ oropharyngeal SCC patients. The
percentage of CDS8 cells was similar in smokers vs. non-
smokers, suggesting that the difference in CD8+ cells is
linked to HPV and not to tobacco use. These results
were also associated with a complete tumor response after
chemoradiotherapy and an improved overall survival.

Therefore, it was concluded that circulating CD8 cells
could serve as a prognostic factor and that improved
adaptive immunity may positively influence HPV16+
patient prognosis (53).

Some researchers also studied HNSCC immune cells
in situ. One study examined the number of Langerhans
cells in oral cavity carcinomas. HPV-positive tumors
displayed decreased numbers of Langerhans cells com-
pared with HPV-negative tumors. However, this difference
was not statistically significant (54). Several studies
showed an increase in the number of CTL as well as the
CTL/Treg (regulatory T cells) ratio in HPV-positive
patients compared with HPV-negative patients. In addi-
tion, these results were correlated with a better prognosis
(55, 56). As mentioned previously, Wansom et al. demon-
strated that increased levels of CD8 in the peripheral blood
of HPV-positive patients correlated with a better prog-
nosis. However, when using immunohistochemistry to
study various markers (CD4, CDS8, CD68 and FoxP3) in
tissue samples of oropharynx carcinoma, no difference in
the expression of these markers was identified in relation to
HPV status. These results suggest that peripheral blood
markers of adaptive immunity are not ideal substitutes for
immune parameters of the tumor microenvironment (57).

Williams et al. generated HPV-positive and HPV-
negative tonsil cell lines able to form squamous cell cancers
in mice to investigate whether HPV-specific immune mech-
anisms cause tumor clearance. The authors observed a
difference in growth and survival patterns in immuno-
competent and immunodeficient mice injected with HPV-
positive or HPV-negative cells. In fact, approximately
one-third of the immunocompetent mice injected with
HPV + cells displayed tumor clearance compared with no
mice injected with HPV-negative cells. Among the mice
lacking tumor clearance, HPV-positive mice had enhanced
survival compared with HPV-negative mice. In the mice
lacking B and T cell mediated immunity, no differences
in the tumor growth pattern or survival were observed
between HPV-positive versus HPV-negative mice. More-
over, the immune clearance capacity of a cleared mouse
could be transferred to an immunodeficient mouse by
splenocyte injection. These data indicated that the clear-
ance of HPV-positive tumors requires an intact immune
system and oncogenic viral proteins (58).

In this section, we reported several studies which
examined HPV and immune status in animal experi-
ments, in situ and in the peripheral blood of patients with
HNSCC and showed that the data about the interactions
between the patient’s immune system and HPV infections
do not allow to address the exact role of the immune
response in the development and progression of HPV-
related cancers in the head and neck areas. Some authors
support the hypothesis that the HPV-specific immune
response may contribute to a better prognosis in HPV-
positive HNSCC but, in this case, a non-altered immune
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system is essential. In addition, these studies were limited
to oropharyngeal cancers, which typically have a better
prognosis compared with other sites of HNSCC. Further-
more, some authors performed peripheral blood experi-
ments which do not allow to certify that the observed
alterations are directly related to HPV-positive carcinoma
and not to other infections which are frequent in cancer
patients.

Smoking and HPV-positive HNSCC patients
HPV-positive HNSCC tumors related to tobacco and
alcohol consumption form a distinct biological and clinical
entity from HPV-positive HNSCC tumors without these
classical risk factors, which are associated with a better
prognosis. In this regard, smoking habits in Europe trends
show some significant differences among populations (59).
Indeed, a significant decrease in smoking was observed in
the populations of Norway, Finland and the Netherlands.
Northern European countries are less exposed to tradi-
tional risk factors compared with Southern European
countries (59).

Numerous studies correlated the improved treat-
ment response and survival of HPV-positive HNSCC
with several sociodemographic, clinical and pathological
factors, such as young age, male gender, Caucasian ethnic
origin, little or no smoking/drinking, increased exposure
to oral sex, oropharyngeal location, lymph node metas-
tasis, decreased pRb expression, increased p16 expression,
poorly differentiated tumor and the presence of non-
keratinized cells. In fact, various studies also showed that
the subgroup of patients with better survival consists of
HPV+ and pl6+ carcinomas (24, 60-62). In addition,
HPV-positive carcinomas without p53 mutations have a
better prognosis (63). In this context, Byrd et al. performed
a retrospective review on patients with HNSCC between
2006 and 2010 to identify a combination of sociodemo-
graphic factors of HPV-negative patients that are asso-
ciated with clinical and pathological features that would
allow clinicians to precisely predict the HPV status of
patients. Four ear, nose and throat surgery residents were
asked to predict a patient’s HPV status based on clinical
and histopathological data. The data from 174 patients
were included in the study and 95 of these patients were
HPV positive. Residents were able to correctly predict
HPYV status in 110 of 125 patients (63—72%), with positive
predictive values of 76-84% and negative values of 61—
69%. The male gender and oropharyngeal location were
significantly associated with the HPV status of the patient.
In their study, only four patients had a ‘typical’ HPV-
positive profile. Therefore, these characteristics do not
precisely predict HPV status in patients with HNSCC (64).
This study confirms the results of D’Souza’s previous
work based exclusively on sociodemographic factors (65).
The absence of smoking in the HPV-positive group that
was observed in several studies is also a challenge.

Prognosis in HPV-positive head and neck cancers

HPV-associated HNSCC is considered a disease lim-
ited to non-drinkers/non-smokers. Nevertheless, the study
identified non-smoking HPV-negative patients as well as
heavy smoking HPV-positive patients (65). Indeed, Byrd
et al. also showed that 28% of HPV-positive patients were
smokers and 34% were former smokers (64). This finding
is also supported by a study from Maxwell et al. that
examines the effect of tobacco use on disease recurrence
among patients with HPV-positive oropharyngeal cancer.
In this study, only 32% of HPV-positive patients never
smoked and the majority of HPV-positive patients were
tobacco users. In addition, the HPV-positive smoker
group had an increased risk of recurrence and distant
metastases as well as reduced survival compared with
the HPV-positive non-smoker group. In fact, the rate of
disease recurrence among HPV-positive patients was
lowest among non-smokers (6.1%) followed by former
users (19.6%) and highest in current smokers (34.8%)
(66). The possible negative impact of smoking on the
prognosis of HPV-positive patients is important espe-
cially in countries where the vast majority of patients
are avid tobacco consumers. Four additional studies
also found that HPV-positive smokers have reduced sur-
vival compared with HPV-positive non-smokers given
the increased risk for both local recurrence and distant
metastases in HPV-positive smokers (25, 67-69). Re-
cently, the analysis of Gillison et al. demonstrated that
pl6+ patients are more likely to be non-smokers and
have significantly reduced tobacco exposure. These p16+
patients displayed statistically more favorable survival
compared with pl6 — patients (p <0.001). Indeed, the
S-year survival was 49% and 19.6% for pl6+ and pl16 —
patients, respectively. Moreover, the risk of cancer pro-
gression or death increased as a direct function of the
pack-years or total smoking years, even after considering
HPYV status (70).

However, it is unclear whether an association between
tobacco/alcohol consumption and HPV exists. In fact,
several studies demonstrated a synergistic or additive asso-
ciation (71-74), whereas other authors observed no dif-
ference in risk of tumor development by tobacco/alcohol
habits and HPV status (7, 75-79). Based on these incon-
sistent results, the potential role of alcohol and/or tobacco
use in HPV-associated HNSCC is not well delineated.
A multicenter study reported that HPV-negative smokers
(OR =112, 95% CI=5.9-21.4), HPVI16-positive non-
smokers (OR =64.5, 95% CI=18.3-226.7) and HPV16-
positive smokers (OR =56.2, 95% CI=22.5-140.4) have
an increased risk for oropharyngeal cancer when com-
pared with HPV16— non-smokers. The findings from this
study show the typical pattern of additivity between
smoking and HPV infection (72). A study conducted by
Schwartz et al. (71) demonstrated a synergistic interac-
tion between smoking and alcohol and HPV VLP serology
(71). An additional group showed an additive effect
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between classical risk factors and HPV. In fact, HPV-
positive smokers had a greater risk of HNSCC (OR =5.5,
95% CI =2.1-14.1) than patients who were only smok-
ers (OR =1.6, 95% CI =0.9-2.8) or only HPV positive
(OR =1.4, 95% CI=0.5-3.6) (73). In 2010, the same
group demonstrated that heavy smoking patients with
HPYV VLP seropositivity had an OR of 2.3, whereas heavy
smoking patients with HPV seronegativity displayed an
OR of 2.6. These authors suggested that smoking in-
creased the risk of HNSCC in both HPV-negative and
HPV-positive patients and that HPV infection may be
not sufficient to cause HNSCC as the accumulation of
additional cellular changes is required (74).

As stated above, the persistence of HPV infection is a
critical step in the development of HPV-related cancers.
HPYV has developed several mechanisms to escape patient
immune surveillance to sustain infection. However, tobac-
co use is also known to suppress immune function, thereby
facilitating infection persistence. Given its immunosup-
pressive functions, smoking may prevent the body from
mounting immunologic responses to eradicate the virus-
related cancer cells (80). The inhibitory effects of tobacco
have been shown to be induced by nicotine, hydroquinone
and carbon monoxide (80). A smoker’s increased suscep-
tibility to respiratory tract infections is linked to the fact
that cigarette smoke alters the response of T cells and
reduces the phagocytic and killing functions of macro-
phages and also the survival of these cells (81). Some
studies also reported reduced cytolytic activity of natural
killer cells in smokers (82). Smoking suppresses certain
Thl responses and facilitates Th2 inflammation. For
example, the mononuclear cells of smokers release TNF-
o, IL-1, IL-8, and GM-CSF as well as decreased IL-10 and
IFN-y levels. The secretion of the inflammatory mediators
promotes chronic immune cell recruitment and inflam-
mation (80, 83). Moreover, tobacco induces DNA breaks
in human cells and is involved in the process of HPV
integration, which occurs at fragile sites or ‘hot spots’ of
DNA breakage, thereby increasing the carcinogenic po-
tential of HPV (17). These observations suggest that the
poor prognosis reported in some studies is likely to be
linked to the fact that smoking and immunosuppressive
status has the potential to favor infection, persistence and
the carcinogenic effect of HPV.

Conclusion

In this review, we reported different hypotheses for
the discordant prognosis data in HPV-positive and HPV-
negative HNSCCs. We also discussed the issues of anat-
omical site, immune system and tobacco consumption in
relation with HPV infection. The different survival rates
observed in oropharyngeal cancers patients suggest that
it would be useful to treat these patients separately from
patients with HNSCC (non-oropharynx). Future re-
searches should examine HPV in the presence or absence

of tobacco/alcohol to evaluate differences in molecular
pathways and the exact impact on the prognosis. Char-
acteristics such as immunoprofiling and smoking habits
should be considered for the assessment of HPV-positive
patients’ prognosis as they were shown to be valuable
prognostic tools. A better understanding of the factors that
cause an immune suppression in HPV-positive HNSCCs
might be relevant for the development of new therapeutic
or prophylactic anticancer approaches.
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