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Several epidemiological studies have investigated the possible role of periodontal disease as a risk factor for systemic
diseases such as cardiovascular disorders, diabetes mellitus, respiratory diseases such as Chronic Obstructive Pulmo-
nary Disease, arterial hypertension, rheumatoid arthritis, endocrine disorders, allergies, osteoporosis, cancer, etc.. In recent
years, the interest has focused on the potential role of periodontal disease in the cancer pathogenesis. Several case-control
studies have recorded strong associations between several parameters/indices for assessing of periodontal disease,
such as tooth loss, alveolar bone loss, probing pocket depth, clinical attachment loss, gingival index, bleeding on prob-
ing and oral cancer and those associations were retained after controlling for possible confounders, such as smoking,
alcohol consumption and socio-economic status. Associations have also been reported between periodontal dis-
ease or its parameters with an increased risk for cancer in locations such as the tongue, oropharynx, breast, esophagus,
stomach, kidney, pancreas, hematopoietic system, colon, prostate and uterus, however few studies have investigated the
possible association between periodontal disease and lung cancer. Studies in this field show differences in design and meth-
ods regarding the conditions of the periodontal tissues, as well as on the collection of information on the systemic diseases

that are under investigation.
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PERIODONTAL DISEASE AND CANCER

Several epidemiological and laboratory studies have recorded
that long-term inflammation promotes tumor development,
growth and progression [1]. It has confirmed that malignan-
cies can arise from areas that characterized by infection and
inflammation as a part of the physiological immune response
of the host. This observation suggests that chronic inflamma-
tion could be a risk factor for the development of a number
of malignancies in humans, in organs such as the stomach,
esophagus, liver, colon, oral cavity, head and neck, uterine
cervix, ovaries, urinary bladder and lung [2, 3]. Persistent host
infections are able to induce chronic inflammation in which

leukocytes and others immune system’s phagocytes can in-
duce DNA damage in proliferating cells through the produc-
tion of toxic substances such as Reactive Oxygen Species
(ROS) and Reactive Nitrogen Intermediates (RNI) that under
normal conditions are produced by those cells for the con-
trol of the infection. These species react to the formation of
peroxynitrate that is a mutagenic agent. Consequently, a re-
peated tissue injury and the regeneration of the damaged tis-
sue in the presence of elevated levels of ROS and RNI that are
released by inflammatory cells, leads those reactive species

to be involved in a oxidative DNA damage in proliferating epi-
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thelial cells leading to permanent alterations in the genome,
such as point mutations, chromosomal deletions, or rear-
rangements [4]. (Figure 1)
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Figure 1: Periodontal disease and cancer

The link between the inflammatory response and cancer has
been considered to consist of two mechanisms, an exogenous
and an endogenous. According to the exogenous mecha-
nism, a chronic inflammatory response is able to increases the
risk of cancer, while in the endogenous, acquired genetic al-

terations can trigger tumor development and growth [3].

The chronic inflammation can stimulate the development
of malignant tumors of epithelial origin due to an indirect
mechanism that involves the activation of the environmental
inflammatory cells. This process can also lead to the exposure
of the proliferating epithelial cells to mutagens factors. Mi-
croorganisms’ products that related to inflammation are able
to activate the host cells, such as the inflammatory response
cells, tissue’s fibroblasts and epithelial cells to produce a wide
spectrum of toxic substances that are able to cause a damage
to the epithelial cell DNA.

Chronic inflammatory responses are often associated with
the release of large amounts of cells ‘substances, such as
chemokines, growth factors agents, cytokines, and other
species that can create a suitable environment for the cel-
lular survival, cells’ proliferation and migration, promotion of
angiogenesis and inhibition of apoptosis. This environment

can contribute the epithelial cells to accumulate mutations
and lead those mutant cells to proliferation, migrating and
can provide opportunities for the development and growth of
those cells [5].

The highest incidence of cancer inindividuals with chronic
inflammation was the basis for investigating the probability

of correlation with periodontitis [6].

Recently, an association of periodontal disease (PD) with can-
cer was proposed, based on the fact that the inflammation is a
major factor that links PD to cancer. Oral cancer, especially in
the area of the gingiva, from squamous cells, imitate the ad-
vanced PD regarding the clinical Presentation showing similar
clinical signs and symptoms, deep periodontal pockets, bleed-
ing Swelling of the gingiva, tooth mobility, and bone destruc-
tion. Therefore, a similar underlying Mechanism may also be
responsible for the development PD and cancer [2, 3].

PD as a chronic inflammation is caused by the colonization of
Gram-negative bacteria, mainly that induce an inflammatory
reaction, which in some individuals leads to the destruction
of the connective tissue and the bone around the teeth [7]
and is a risk factor for development of several types of cancer
[6, 8-14].

The in flammatory response to periodontal pathogens extends
beyond the oral cavity and leads to increased levels of circulat-
ing inflammatory biomarkers such as C-reactive protein (CRP),
fibrinogen, tumor necrosis factor-alpha (TNF-alpha), interleu-
kin-6 (IL-6), adhesion molecules myeloperoxidase, enzymes,
endotoxins, etc. [15]. This observation, as was reported, is
confirmed by the higher incidence of cancers in individuals
with chronic inflammations [6] and the effectiveness of
some anti-inflammatory drugs in prevention of some types
of cancer, such as the colorectal cancer [16], however this

finding has not been confirmed in all studies [17,18].

The induction of systemic inflammation that results from the
PD may therefore provide a pathway through the disease in-
creases the risk for development of several types of cancer.
Other mechanisms that have been proposed concern the de-
flection of the immune system and them production of carci-
nogenic products by the periodontal tissues pathogens [19].
Alternatively, possible underlying genetic factors may increase
the susceptibility to both diseases or may alter the involve-
ment of environmental risk factors, such as smoking, with
PD and cancer. The role of those genetic risk factors between
both diseases, however, remains unclear, while it is not known
if the systemic inflammation, blood pathogenic invasion or the
immune response to periodontal infection could affect the

overall risk of developing cancer [20].
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Recent case-control studies have recorded strong associations
between teeth loss and oral cancer even after controlling of
smoking and alcohol consumption as potential confounders
[21, 22]. A stratified analysis showed that this association was
concerned active smokers [23]. A similar case-control study
recorded that the alveolar bone loss (ABL) was associated
with an increased cancer incidence in the tongue regardless
of the age, nationality, race, smoking status, and the number
of remaining teeth. More specifically, it was recorded that for
each millimeter of ABL this finding was associated with a 5.23-
fold increased risk of cancer in the tongue [5]. This relation
was not confirmed in a similar report, in which data collec-
tion from the medical history was limited regarding tobacco,
alcohol consumption and HPV infection, which made the as-
sociation with PD problematic [8]. The same researchers were
reported that each millimeter of ABL was associated with a
greater than 4-fold risk of squamous cell carcinoma in the area
of head and neck [24]. In both studies, the use of the ABL
index as a periodontitis parameter was beneficial in determin-
ing the time sequence, indicating that periodontitis is also as-
sociated with other types of cancer, such as in colon, pancre-
as, uterus, prostate, and breast [5, 9, 25]. Important findings
were also that periodontitis that was estimated by the ABL
index was associated with oro-pharyngeal cancer [26] that is
caused by HPV-infection and that chronic PD, as determined
by the loss of molars, was statistically significantly associated
with breast cancer [5].

In a prospective study of males with a history of PD, a slightly
increased total risk of death of about 14% was found in indi-
viduals who were non-smokers. In the same study, the partici-
pants showed a slightly higher incidence of cancer compared
to those who did not have PD at the time of the follow-up
and after controlling for smoking status and other well-known
that

was statistically significantly associated with an increased risk

risk factors. In particular, it was found periodontitis
of lung, kidney, pancreas and hematopoietic’s system cancer.
The examined association regarding esophageal cancer was
increased but not statistically significantly, while there was no

association between PD, melanoma and prostate cancer [10].

The follow-up of NHANES Il patients was demonstrated that
periodontitis was associated with an increased mortality from
respiratory and gastrointestinal cancers, whereas was record-
ed a trend for an increased risk by increasing of the severity of
periodontitis [27].

Recently it was found that PD was associated with a 15% in-
creased risk for all types of cancer. In particular, increased risks
for cancer of the digestive, colorectal, pancreas and prostate

in males and in uterus in females that was associated with PD,

was recorded. That relationship was found to be absent in
monozygotic twins but remained in dizygotic twins and the
conclusion was that the common genetic risk factors could
only partially interpret the relationship between PD and can-
cer, however it was considered that the contribution of those
factors was limited [25]. It has also been reported that a se-
vere PD may be associated with a Cytomegalovirus (CMV) or
Epstein-Barr virus (EBV) infection no clear results. EBV con-
sists a risk factor for cancer, nasopharyngeal carcinoma, B-cell
and Burkitt’s lymphoma and [28].

PD is suggested that increases the risk of gastric non-cardia
adenocarcinoma due to alterations in the oral bacterial mi-
croflora and the subsequent chronic systemic inflammation
[29, 30]. However, previous researches regarding the role of
PD in gastric cancer and precancerous gastric lesions have not
carried out. Several oral pathogens have been linked with a
chronic systemic inflammation which has also been associated
with an increased risk of gastric cancer [31, 32].

Tooth loss or poor oral hygiene as markers for assessing of peri-
odontal tissues condition have been associated with a number
of cancer cases [33]. In a prospective study with a follow-up
time of 16 years was found that individuals with PD and loss of
molar showed an increased risk of death from neoplasms [34].
Tooth loss is caused by dental caries and PD but the contribu-
tion rate from each condition depends on the age and other
factors. Tooth loss in elderly could be attributed to the chronic
PD whereas in younger ages, to caries [35]. Therefore, while
the loss of teeth can be an indicator of PD, the association
between PD and tooth loss is not always strong. Those differ-
ences could be attributed to variations in the study design, the
patient’s identification, and the interpretation of the findings
as well as to the inflammatory condition of the periodontium.

The relationship between chronic periodontitis and oral can-

cer

In addition to the known risk factors for the oral squamous cell
carcinoma such as the genetic Predisposition, the presence
of premalignant lesions, the effect of environmental or car-
cinogenic factors, such as tobacco and alcohol consumption,
it has been reported the role of infection and inflammation
with HPV in oropharyngeal carcinomas [36]. It has also been
examined the role of chronic periodontitis in the oral cancer
development [9, 19]. Indeed, in a recent study was observed
that the bone loss as a clinical sign of chronic periodontitis
was an independent risk factor for the development of cancer
in the oral cavity [24].

The investigation was focused on the development of
several cancer types and in their associations with the in-

flammation and also to the underlying pathophysiological
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mechanisms that could lead to malignant cellular transfor-
mation [32]. An important factor in inflammation associated
cancer is NF-kB transcription factor. In addition to its function
as a basic regulator of the innate inflammation and immu-
nity through an activated expression of inflammatory bio-
markers such as cytokines, chemokines, adhesion molecules,
proteolytic enzymes, angiogenic factors and a wide spectrum
of toxic metabolic cellular substances, it has been identified
as an endogenous tumor promoter [37], while it participates
substantially in the inflammatory reaction in chronic peri-

odontitis [38].

An association between oral cancerand the chronic mechan-
ical injury has been reported, indicating that inflammation, re-
gardless of its cause, can predispose to cancer development
[39]. Thus, the malignant transformation of the oral epithelial
cells could be a consequence of an immune response via the
release of activated T-cells substances, such as cytokines IL-1,
IL-8 and TNF-a [37].

That association is biologically possible and could be inter-
preted on the basis of the following mechanisms [40]:

a. The disrupted mucosal barrier in cases of PD and a con-
sequent enhanced carcinogen penetration, such as smoking
and alcohol,

b. Through an increased cell load in the blood vessels and
the connective tissue in case of a chronic inflammatory re-
sponse. The relationship between chronic inflammation and
cancer is associated with the development of a chronic diffuse
hyperplasia of the epithelial cells that is considered as a com-

mon precursor of the intraepithelial neoplasia,

c¢. Through an immunosuppression as a common mechanism

that leads to PD and oral cancer,

d. Through the presence of viruses such as HPV and HSV1 or
the fungus Candida Albicans as they have been isolated in

both oral cancer and PD,

e. Through a bacterial overgrowth in poor oral hygiene pa-
tients that can lead to an increase in the in the percentage of

metabolites with a potential carcinogenic effect,

f. Through the common genetic risk factors, such as in dizy-
gotic twins, the classic PD leads to a significantly increased
risk for cancer development, whereas in onozygotic twins this

association was significantly impaired [25].

Recent studies were reported that some viruses such as HP,
CM and EB have been implicated in oral cancer etiology and
has been reported that are present in periodontal pockets and
in dental plaque [41, 42].

Chronic periodontitis as a risk factor for cancer in pancreas

Pancreatic cancer is a severe and rapidly lethal type of
cancer. Smoking consists the only documented risk modifier
factor, however it has been suggested that diabetes melli-
tus, insulin resistance and obesity are also risk factors, where-
as alcohol consumption is not a documented risk factor for
pancreatic cancer. However, a strong association between al-
cohol consumption and chronic pancreatitis has been record-
ed and, in turn, chronic pancreatitis has been linked with an
increased risk for pancreatic cancer development. It has been
suggested that viral infections have been strongly associated
with the development of several types of cancer, a great num-
ber of bacteria are able to initiate or promote an abnormal
cell growth by skipping the immune system or by suppressing
the apoptosis .Since periodontitis consists a chronic infection
that is caused by oral bacterial, few investigators have pro-
posed a possible positive link between both diseases. Chronic
periodontitis can promote carcinogenesis in pancreas through
a systemic inflammatory response or alternatively through an
increased production of carcinogens substances, such as ni-
trosamines. Nitrosamines and gastric acidity have been con-
sidered as factors that play an important role in pancreatic
carcinogenesis. The endogenous production of nitrosamines
in the oral cavity in poor oral hygiene individuals could be
attributed to high concentrations of oral bacteria including
H. pylori that can eliminate the nitrates. The relationship be-
tween H.pylori infection and pancreatic cancer development
has been investigated, however that relationship was not con-
firmed [9].

In a recent research was recorded a positive association be-
tween periodontitis and the pancreatic cancer risk. Two en-
zymes, myeloperoxidase and superoxide dismutase contrib-
ute to the regulation of the inflammation and those enzymes
have been found in elevated levels in periodontitis, whereas
the polymorphisms of those genes have been linked with an
increased risk for pancreatic cancer [9, 10].

H. pylori role in periodontal disease, oral and gastric cancer

H.Pylori infections are widespread and could contribute to
major medical disorders, such as gastritis, gastric cancer or
lymphoma. Previous studies have recorded that H. pylori is
present in the dental plaque, in a small number and in dif-
ferent locations in the same mouth. A link between H. pylori
and peptic ulcers and gastric cancer development has been
recorded, whereas it has been isolated from the sub-gingival
biofilm structure in individuals that were suffered from with
chronic periodontitis and characterized by poor oral hygiene
[43]. (Figure 3) H. pylori infection role in the progressive cell-
histological differentiation that is linked with gastric cancer
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has been determined through the pathways that can lead to
the production of substances that are able to cause oxidative
stress and molecular damage in DNA in conjunction with en-
dogenous and exogenous mechanisms, such as ROS produc-
tion and other DNA oxidative factors [44].

Periodontitis as an inflammatory disease contributes to con-
tinuous low grade systemic inflammation with elevated circu-
lating inflammatory indicator levels [15, 45]. Specifically rec-
ognized inflammation markers, including pro-inflammatory
plasma cytokines, peripheral leukocytes, prostanoids, pro-
teases and in particular Matrix Metalloproteinases (MMPs)
and acute inflammation’s phase proteins [32,45] are pro-
duced by the immune system in response to the periodontal
tissue pathogens. The type of the chronic inflammation that
is induced by the periodontal pathogens can lead to distur-
bance of the normal control of cell growth and to potential

carcinogenesis [6].

Alternatively, the immune system in an individual with chronic
PD may be deficient in surveillance process for the tumor de-
velopment. Therefore, periodontitis is considered as an indi-
cator of the immune system function that has potential effects
on the tumor’s development and progression. Another mech-
anism by which the above suggestions could be explained is
the increased production of carcinogenic nitrosamines. The
formation of the endogenous carcinogenic nitrosamines in
the oral cavity could be attributed to the microorganisms that
colonize it, while its levels grow because of the poor oral hy-
giene, PD, smoking and nutritional factors [46, 47].

HYPOTHESES ON THE RELATIONSHIP BETWEEN PD
AND CANCER

A. Alteration in oral microflora

It has been proposed that PD metabolic products that may
act as carcinogenic could interpret the association between
the two diseases. The mechanism that could increase the risk
for gastric cancer could be attributed to the production of
nitrosamines in increased levels in individuals with poor oral
hygiene and that those products may function as gastro- in-
testinal special carcinogens that are able to increase the risk
for cancer development in the stomach and esophagus. An in-
flammation that is caused by H. pylori infection has been asso-
ciated with an abnormal DNA-Methylation in gastric epithelial
cells and it increases the risk of gastric cancer development.

From a periodontal point of view, a wide variety of oral micro-
organisms, oral bacteria and their metabolic products such
as endotoxins, enzymes, that are toxic to the surrounding
cells and tissues may directly induce mutations in tumor

suppressor genes and proto-oncogenes or are able to alter
cellular signaling pathways that affect the epithelial cells
survival or the cellular proliferation [47,48]. (Figure 2, 3)
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Figure 2: Periodontitis and Carcinogenesis.
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Figure 3: Mechanisms of periodontal disease that cause cancer.

B. Chronic periodontitis, inflammatory load and predisposi-

tion for carcinogenesis

Chronic periodontitis that affects the periodontal tissue
leads to the release of cytokines, chemokines, prostaglan-
dins (PGs), bacterial toxins, endotoxins and enzymes from
the host’s cells and have destructive effects on tissues, lead-
ing to periodontal pocket formation that can lead to the al-
veolar bone destruction [7]. Pro-inflammatory cytokines such
as TNF-a, IL-1B, IFN-y and PGE2 are present in elevated levels
in chronic periodontitis. The periodontal tissue can also act as
arefreshment tank for the leakage of those mediators that en-

ter the blood circulation and can cause systemic effects [49].

A link between PD and pancreatic cancer has been recorded
in a population of health professionals and the conclusion was
that the mechanisms that are associated with the inflammato-
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ry load due to systemic inflammation and the increased con-
centrations of carcinogenic products in response to the oral
pathogens due to subsequent inflammatory processes, could
contribute to the development of cancer [9].

In general, in those studies, parameters such as tobacco and
alcohol consumption and nutrition factors, stress, socio-eco-
nomic level, condition of immune system and body mass in-
dex (BMI) make difficult to find out independent associations.
A large inflammatory load attributable to PD could be associ-
ated with the risk of cancer through the mechanisms that are
involved and lead to oxidative stress that can cause damage
to periodontal tissues. The oxidative stress induces mecha-
nisms in the progression of PD and cancer. Several types of PD
are characterized by considerable inflammatory load that are
able to affect the progression of systemic diseases, including
carcinogenesis. The link between chronic periodontitis and
cancer was investigated in a follow-up study of 11,328 individ-
uals aged 25-74 years and it was found that individuals with
periodontitis showed significantly higher risk of death from
cancer. More significant association was found for the cases
with lung cancer while there was some evidence of associa-
tion with cancer in prostate, breast and pancreas. In cases
the results were concerned nonsmokers no relationship was
found between both diseases. Gingivitis that reflects an index
of inflammatory load in individuals without artificial denture
showed elevated risk levels of death from lung cancer. In this
study, the estimation of the relationship between periodontal
tissues condition and lung cancer was estimated using the Cox
analog model and the assessment was concerned whether
individuals with gingival, periodontal inflammation or with-
out natural teeth showed a higher risk for lethal malignant
neoplastic alteration in the bronchi and lung compared
to individuals with healthy periodontal tissue for a period of
10 years. Periodontitis may be a substitute indicator for the
effects of smoking and therefore could provide a relationship
with lung cancer. It is relevant that cigarette smoking is re-
sponsible for the oxidative stress and activates processes that
could contribute to epithelial cell transformation whereas the
degree of the periodontal inflammatory load would be an im-
portant factor with a systemic effect in the case of periodonti-
tis and other systematic associations [8]. (Figure 2, 3)

C. Genetic factors

Common underlying genetic factors may increase the host’s
susceptibility to both conditions or may alter the relation-
ship of the environmental factors, such as smoking, with PD
and cancer. However, the common genetic risk factors role
between the two situations, remains unclear. Predetermined
factors such as genetic polymorphisms could be involved to

the sensitivity of the disease. As has already reported the in-
flammatory response may play a role in some cancers and it
is possible that the genetic polymorphisms that are related
to an increased PD risk are also of a vital importance in can-
cer development [6,11]. An example consists the presence of
genetic polymorphisms in IL-1that have been linked with an
elevated risk of gastric cancer [50]. For the time being, the re-
lationship between genetic polymorphisms of cytokines and
other factors for cancer development are unclear and there-
fore it is not possible to identify specific genetic factors that
may be etiologically related to PD and specific types of cancer
[51]. (Figure 2, 3)

The specific role of periodontal disease in lung cancer patho-

genesis

There have been serious indications that poor oral hygiene
could be a predatory factor for respiratory disorders, par-
ticularly in high risk patients. The oral cavity coincides with
the trachea and consists a gate for colonization by respiratory
pathogens. Similarly, respiratory pathogens are able to colo-
nize the dental plaque that are inhaled from the oropharynx
to the upper airways and then are able to approach the lower
airway and adhere to the alveolar or bronchial epithelial cells
[52, 53].

Chronic PD has been found to be associated with chronic lung
disease [54, 55]. In another report was observed that pulmo-
nary function in COPD patients decreases with increasing CAL,
whereas in the same study, a relationship between poor oral
hygiene and COPD after controlling for potential confound-
ers, such as smoking, gender, age and socio-economic level,
was found [56]. A relevant case-control study was recorded
that individuals with poor oral and periodontal health and
the lack of a regular dental and oral follow-up were associ-
ated with an increased risk of developing COPD [57].In a
25-year prospective study, it was observed that ABL was an
independent risk factor for COPD development, and individu-
als with severe alveolar bone loss showed a higher risk for

COPD development developing during their follow-up [58].

An epidemiological systemic review found that poor peri-
odontal condition was an independent predictor for COPD
after adjustment for smoking, while periodontitis could be a
co-worker for COPD [59]. A threefold increase in COPD among
smokers that were suffered from severe periodontitis and the
fact that smoking should be seen as an effect modifier in each
relationship between periodontitis and COPD have also been
observed [60]. The investigation of the examined relation in
individuals 70-79 years of age showed an association between

periodontitis and COPD in former smokers, but not in never-
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smokers, whereas no link was observed among current smok-
ers, however the assessing of all periodontal indices were at
increased levels in current smokers independently from their

pulmonary health condition [61].

In a relevant case-control study was observed that probing pock-
et depth, clinical attachment loss, bleeding on probing as indi-
ces for periodontal disease severity and assessing, and smoking
were statistically significantly associated with the risk of develop-
ing lung cancer. The mentioned association regarding probing
pocket depth and the risk for lung cancer development
was remained after adjusting for known confounders, such as
smoking and dental follow-up [14]. Similar studies have not con-
firmed such findings. In a similar case-control report in a hospital
Population, after adjustment for smoking, no significant relation-
ship between periodontitis and COPD, was observed [57],while a
weak relationship between oral health and COPD was recorded

in another study [62].

The relationship between COPD and lung cancer is considered
as documented epidemiologically [63-65]. Cigarette smok-
ing is the most important risk factor for developing COPD
[66] and lung cancer [63, 64, 68]. Smokers with COPD are at
a higher risk for developing cancer, suggesting that a link ex-
ists between the processes that cause COPD and those that
cause lung cancer [69, 70]. However, the majority of smokers
do not develop COPD or lung cancer despite the fact that the
accumulated smoking history increases the risk of developing
PD and cancer [69, 71, 72]. Smokers show also a significantly
elevated risk for developing chronic periodontitis [73-75] than

non-smokers [76,77].

The contribution of smoking to PD development requires
other factors such as poor oral hygiene while in cases of es-
tablished PD smoking accelerates its progression. Similarly,
smoking consists an important risk factor for lung cancer
development, however does not cause the disease to all
smokers, current or former. [77].

The association between PD and lung cancer may be me-
diated by a pre-existing chronic pulmonary disease such
as COPD, idiopathic pulmonary fibrosis and tuberculosis
that are in relation with an increased possibility of lung can-
cer [64]. There has been a limited exploration between COPD
and lung cancer risk, especially in non-smokers as they devel-
op COPD rarely. In a study with females that were exposed
to pollutants, it was found that COPD, mainly in the form of
bronchial asthma and in non-smokers, was found to be associ-

ated with an increased risk of lung cancer [78].

In a prospective study in males with a PD history, a slightly

increased overall risk of death was found, approximately 14%

in non-smokers. In the same study, the participants showed
a slightly higher cancer incidence compared to those who
did not have PD at the time of the study initiation and after
controlling for known risk factors. It was also found that PD
was statistically significantly associated with an increased risk
for lung cancer. Specifically, regarding lung cancer, a strong as-
sociation was observed in individuals with a small number
of remaining teeth and it was remained strong among non-
smokers although it was weaker and statistically insignificant.
In the study many limitations were existed especially the self-
reported assessment of PD [10].

An increased risk of death from all types of cancer was also
recorded in the case the assessment of PD was based on other
indicators. Specifically, it was found a significantly increased
risk of lung cancer, however it was not confirmed in non-
smokers. It was suggested that periodontitis could include
an unlimited percentage of smoking history, and therefore
its relationship with the lung cancer was invalid. In the same
study, gingivitis that reflects the presence of inflammatory
load, in individuals with natural teeth showed increased risk
levels of death from lung cancer. Chronic periodontitis could
be a substitute indicator for the effects of cigarette smoking

and consequently it provides a link to lung cancer [8].

The follow-up of NHANES Il patients was shown that peri-
odontitis was associated with an increased mortality from
respiratory cancers. There was an increased risk tendency in

relation to periodontitis severity [25].

In addition to the suspected effect of COPD and smoking on
the interpretation of the association between PD and the risk
for developing of lung cancer, the mechanisms that could
link the two diseases have not been elucidated. Therefore,
future studies are required, and they could be based on the
overall association between chronic inflammation and the risk
of cancer development. The inflammatory response to peri-
odontal infection can extend beyond the oral cavity and leads
to increased levels of circulating inflammatory biomark-
ers, such as cytokines, chemokines, enzymes etc. [15,45], an
observation that is confirmed from the highest incidence
of cancer cases in individuals with chronic inflammatory
diseases [12] and the efficacy of anti-inflammatory drugs in
the prevention of certain types of cancer [24], however that
finding has not been confirmed in all studies [33,34], nor in

lung cancer.

A possible mechanism could be supported according to the
basis of the PD pathogenesis and is characterized by a wide
spectrum of oral bacteria and microorganisms, and their prod-
ucts such as metabolic toxic substances, endotoxins, enzymes
and products that are toxic to surrounding tissues and cells
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and could directly induce mutations in tumor suppressor
and proto-oncogenes or are able to alter cellular signaling
pathways that affect epithelial cell survival and/or cell

proliferation [47,48].

Other mechanisms that have been proposed include the
immune system deflection and the production of carcino-
genic products by periodontal tissues pathogens [35]. In
addition, underlying genetic factors may increase the sensi-
tivity in both situations or may alter the relationship of en-
vironmental risk factors such as smoking, with PD and can-
cer. The common genetic risk factors role between the two
conditions, however, remains unclear. Predetermined factors
such as genetic polymorphisms could be influence the host’s
sensitivity to the disease, however that issue also need to be
investigated [6, 11].

Another possible mechanism could be attributed to the large
inflammatory load caused by the PD and could be associated
with the risk of lung cancer through the mechanisms that
are involved and lead to oxidative stress that causes in-
jury to the tissues. The oxidative stress induces mechanisms
that are involved in the progression of PD and cancer. Vari-
ous types of PD are characterized by significant inflammation
load that could affect the evolution of systematic conditions,
including carcinogenesis in the lung [8]. (Figure 3)

It should be noted that the research regarding the possible
association of PD with cancer is limited by the problems of
controlling of confounders such as smoking and the socio-
economic level. Smoking seems to be the main confounding
factor in studies that examine cancer, such as lung cancer.
Other

diabetes mellitus and genetic factors. The definition of peri-

possible confounders are gender, age, nationality,

odontitis in a number of large epidemiological studies was
based on substitute indicators [25]. However, despite several
limitations, chronic periodontitis has been identified as a po-
tential risk factor for gastrointestinal, respiratory and pancre-
atic cancer and possibly for cancer in other organs [79]. There-

fore, it exists an obvious need for further investigation.
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