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ABSTRACT
Head and neck squamous cell carcinoma (HNSCC), accounting for more than 80%
in head and neck malignancies, kills thousands of people a year in the world. Despite
most of the patients are more than 45, and the occurrences of head and neck cancer
shows a decreasing trend; however, horribly, the incidences of the patients under 45
years old is steadily increasing. Hence, it’s of vital importance to get more pathogen
information about risk factors of HNSCC in children and young adults. This review
outlines the etiologic spectrum of HNSCC, especially oral/oropharyngeal squamous
cell carcinoma, in patients under 45 years of age.

Head and neck squamous cell carcinoma (HNSCC),
a group of related neoplasms that arise in the oral cavity,
oropharynx, hypopharynx, and larynx, is the 6th most
common cancer worldwide. Almost 650 000 new cases
of head and neck cancer [1] and 300 000 deaths occur
worldwide each year [2]. About 50-70% of head and
neck cancers happened in males from 60 to 70, who
have the habits of smoking and drinking [3-6], and the
number of HNSCC is decreasing worldwide, however,
epidemiological studies over last 20 years revealed
that the overall incidence of young patients under 45
who encounter HNSCC, especially oral/oropharyngeal
squamous cell carcinomas(OSCC/OPSCC), is growing
steadily [4, 7-9]. Some reports suggest that about 6.7%
of HNSCC patients are under 45 years of age, and 0.43.6% of patients are younger than 40 [10, 11]. The rising
incidence is most strongly seen in developing countries
like South and Southeast Asia and India, which is possibly
due to their high production of areca nut [12-14]. In the
Western world however, the incidence of young-onset
HNSCC varies significantly between countries. several
recent reports suggest that including Europe and the United
States, the frequency of HNSCC has been decreasing over
the past 30 years, while a nearly uniform rise is noticed
in oral cavity SCC(OCSCC) and OPSCC, and the trends
www.impactjournals.com/oncotarget

of young-onset HNSCC is disproportional to HNSCC
patients above 45 years old [15-17]. Conway et al. noted
carcinoma of the oral cavity and oropharyngeal region
increasing in young white patients from 1990 to 1999 in
the United Kingdom [16]. A study from the United States
reported an increase in tongue carcinoma in patients from
18 to 44 in 1975-2007 [9](Table 1). Conversely, squamous
cell carcinomas in laryngeal and hypopharyngeal regions
in young patients are rare, account for approximately 10%
and 1% of all young-onset HNSCC and the incidence
remains quite stable these years [18, 19].
Cancer in the oral cavity generally predominates in
younger patients, with the tongue being the most common
subsite [24-27]. Compared with older patients, tongue
cancer accounts for a larger proportion, while cancer in
the floor of mouth accounts for a smaller proportion in
younger patients [24]. In addition, Oropharyngeal cancer
also accounts for a higher percentage of HNSCC in young
patients compared with older patients [28].
Recent reports have demonstrated that the grade
and combined stage are similar between young and old
patients with SCC in oral cavity and tongue [24, 28, 29].
However, a number of studies have found that younger
patients have a higher incidence of clinically detectable
nodal metastases [18, 27, 28].
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Table 1: Worldwide trends for HNSCC incidence in different age groups and sexes
Country

Author

Sitea

Years

Age

Sex

Trend

China

Chen et al. [14]

OC, OP, L

1981–
2002

0–44

M+F

Increase

USA

Schantz and Yu [17]

OT, Ph, L

1973–
1997

<40

M+F

Increase

USA

Shiboski et al. [7]

Tongue/Tonsil

1973–
2001

20–44

M+F

Increase

United
Kingdom

Conway et al. [16]

OC, OP

<45

M+F

Increase

USA

Patel et al.[9]

OT
OC

18–44

F
M

Increase
Decrease

USA

Muller et al. [20]

OC, OT

1990–
1999
1975–
2007
1971–
2006
1989–
2006
1960–
1994
19731987
19701989

<40

M+F

Increase

<45

M+F

Decrease

20–39

M+F

Increase

M:5-fold F:6-fold

30-39

M

Increase

3-fold

Young

M

Increase

Netherlands Braakhuis et al.[21]

OP

Scandinavia Annertz et al. [8]

T

USA

Davis and Severson[22]

T

Scotland

Macfarlane et al. [23]

OP

Additional

Significant(T)

OC = oral cavity, OT = Oral Tongue, OP = Oropharynx, Ph = Pharynx, L = Larynx.
Moreover, studies show that there are no specific
pathological characteristics of head and neck carcinomas
in young adults. Sasaki et al. reported that the difference
in lymph nodes between young and old population was not
significant [3]. Mafi et al. found that there is little evidence
that pathological features including tumor grade, lymph
node status, tumor size, lymphovascular invasion, depth
of tumor in younger individuals are different from older
individuals [30].
Within the young subgroup, the rate of male
and female patients is different. In the older group,
approximately 70% of cases are males, while in the
younger group shows men account for 50-65% of cases
and the majority of young HNSCC patients without

alcohol and tobacco consumption are females [31].(Table
2 shows the clinical and histopathological characteristics
of HNSCC of young and old patients )
A crowd of previous reports concluded that
HNSCC was more aggressive and the prognosis was
poorer in young adults compared with the older patients
[40-43]. Kuriakose et al. found that the tumors of young
patients manifest predominantly as invasive lesions
with early spread to lymph nodes. However, in the old
patients, tumors occur more frequently in social classes
III and IV and have association with smoking, alcohol
or pan chewing, present as exophytic lesions and spread
late to lymph nodes [44]. Another reason may be due
to different degree of preventive system, the quality of

Figure 1: Risk factors of HNSCC in young patients.
www.impactjournals.com/oncotarget
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Table 2: Summary of studies and cases reporting clinical and histopathological characteristics of HNSCC of young
and old patients
most The
most
Author
Age
No. of patients Years
Sex(M/F) The
common site
common Stage Grade Country
Chidzonga ≤40
69(19.3%)
F/T
W
1982-1991 40/29
Zimbabwe
et al.[32]
>40
289(80.7%)
200/89
F/T
W
Samreen
≤40
19(21.8%)
OC
II
2010-2013
Pakistan
et al.[33]
>40
68(78.2%)
OC
II
Farnaz
20-40 21(13.3%)
1996-2009 12/9
T
I
Iran
et al.[34]
Negar
≤40
15(5.7%)
T/L
IV
W
1995-2010 9/6
Iran
et al.[30]
>40
247(94.3)
210/27
L
I
W
Fan
22-44 100
2001-2010 66/34
T
II
W
China
et al.[35]
Chang
<45
608(25.9%)
B
2004-2005 591/17
Taiwan
et al.[36]
≥45
1731(74.1%)
1628/103 B
Iamaroon
≤45
75 (12.8%)
T
IV
W
1991-2000 43/32
Thailand
et al.[37]
>45
512(87.2%)
294/218
T
IV
W
Sasaki
≤40
35(6.6%)
UK
1990-1999 20/15
T
I
W
et al. [3]
>40
494(93.4)
Ho
27-45 28
1999-2005 27/1
B
I/II
Taiwan
et al.[38]
Lype
<35
115
1982-1996 74/41
T
III/IV
W
India
et al.[25]
Pitman
16-39 122
1982-1994 70/52
T
I/II
US
et al. [29]
Regan
≤40
20(23.1%)
T
I
M
1993-2003 19/11
Ireland
et al.[39]
>40
100(76.9%)
Ph
III
M
T=Toung, OC = oral cavity, Ph = Pharynx, L = Larynx, B=Buccal mucosa, F= Floor of the mouth.
Grade (M: Moderate, W: Well differentiated)
health care and the attitudes of young patients towards
visiting a doctor. The disease is often more difficult to
diagnose pathologically and even misdiagnosed, and
appropriate treatment is delayed when the case present.
In clinical practice, HNSCC in young patients seems to be
frequently diagnosed in its advanced stages [45], which
leads to delay of rational therapy and may finally result in
poorer prognosis for the patients [46]. However, there are
still some recent researchers frown on this opinion, they
hold that the comorbidities on patients of head and neck
cancer affects the older patients more [47], and the older
patients often die earlier compared to those who are free
of diseases apart from HNSCC [48].
Risk factors for the increased frequency of youngonset HNSCC remain ill defined [49]. Strangely, most
of the young patients are lack of significant exposure to
alcohol and tobacco, this difference makes the etiology
of young-onset HNSCC a hot topic, and it’s necessary to
get a deeper understanding of its pathogenesis in order
to promote the development of improved therapeutic
approaches. Studies show that part of HNSCC in
young population appears to be due to rising numbers
of HPV infection, particularly in males (smokers and
non-smokers). There also exist other risk factors like
persistent irritation in oral cavity, systemic syndromes,
www.impactjournals.com/oncotarget

and immunosuppression in young patients with HNSCC.
These special risk factors make young-onset HNSCC in
young patients may result in its different hallmarks from
the old patients. Nevertheless, the etiologic factors in
young individuals with HNSCC under 45 years old remain
unknown. In this review, we would like to highlight the
special etiological spectrum of HNSCC in this population.

HUMAN PAPILLOMAVIRUS (HPV)
Experimental models and analyses hold that viral
infections may be an etiologic factor of oral cancers
[50]. HPV is a well-established initiator of both cervical
and anogenital carcinogenesis, and HPV DNA is found
in nearly 100% of cervical carcinomas and 84% of
anal carcinomas [51]. Recently, the rate of human
papillomavirus (HPV)-induced head and neck squamous
cell carcinomas (HNSCCs) seems to have increased,
and especially, exposure to HPV has been identified as a
major contributor to the pathogenesis of oropharyngeal
carcinomas in young patients [5]. Kreimer et al.
analyzed the data from 60 studies done in 26 countries,
a significantly higher percentage of HPV infection
was found in OPSCC (34 %) than in oral and laryngeal
cancers (both 25 %) [52]. From 1973 to 2004, the rate of
66228
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HPV-related OPSCC in the United States has increased
obviously, especially in tonsillar [15, 53]. In Australia,
the incidence of HPV-related sites in the oropharynx in
men and women increased by 1% per year in the period
1982-2005 [54]. Hammarstedt et al. found that from 1970
to 2002, a nearly three-fold increase in the proportion of
HPV-positive tonsillar cancer cases in Stockholm, Sweden
was observed, and the distribution of HPV-positive cases
was 23.3% in the 1970s, 29% in the 1980s, 57% in the
1990s and 68% during 2000-2002 [55].
HPV is an epitheliotropic, double stranded, circular
DNA virus from papovavirus family, more than 150
different HPV subtypes identified to date and it is divided
into low-risk and high-risk (HR) types [56]. Infection with
high-risk types of HPV has been increasingly recognized
as an important risk factor of carcinogenesis [57]. HPV
oncogenic protein E6 and E7 lead to disruption of key
tumor suppressor genes p53 and Rb, respectively, bringing
about cell cycle deregulation and genomic instability [5860]. High-risk type of HPV(especially HPV16) DNA has
been detected in about 20-25% of HNSCC and up to 60%
of the OPSCC [5, 52, 61]. Compared to HPV-negative
OPSCC, HPV-positive tumors are characterized by the
absence of P53 mutation [62, 63] and a lower number
of chromosomal abnormalities [64]. Rb degradation also
induces overexpression of P16, as a tumor suppressor
protein, a hallmark of HPV-16-positive cancer of the
oropharynx [54, 65].
Demographically, patients with HPV-positive
HNSCC are more inclined to be youngsters, male,
nonsmokers, nondrinkers and often have a higher
socieconomic status [15, 66-68]. HPV is the most common
sexually transmitted infection in adults, however, there
existing several potential modes of the transmission of
HPV to youngsters, like indirect transmission via fomites
and perinatal vertical transmission, auto-and heteroinoculation, and sexual ways such as sexual abuse [69,
70]. About vertical transmission, some researchers harbor
the idea that there is very low risk for children of women
with cervical cancer(women who have been infected by
HR-HPV before pregnancy), to acquire and sustain HRHPV in their oral cavity until childhood or adolescence
[56], while other researchers hold that in the paediatric
age infection is mostly connected with mother-to-child
transmission, generally via the delivery duct [71]. Hence,
for more accurate evaluation of vertical transmission, long
term follow-up studies should be conducted. In addition,
oral sex is supposed to be the most unnatural sex which
is commonly practiced across the world and is proved to
be a potential transmitting link between cancers of the
oropharynx [72]. As it is perceived to be a form of safe
sex, oral sex is widely accepted among teenagers and
adults which results in an increased prevalence of HPV
infection in young population [73]. Moreover, Espada
et al. reported that that average age of sexual behavior
has decreased, and simultaneously, the number of sexual
www.impactjournals.com/oncotarget

partners has increased these years [74]. Hence, a history of
genital warts, the number of sexual partners and young age
are related to the transmission of HPV [75], HPV can also
occur through contact with hands, feet and mouth, even a
slight injury in the mucous membrane serves as an entry
gate for HPV, which thus works into the basal layer of the
epithelium [76, 77].
Patients with HPV associated oral cancer have a
significantly better survival rate, than patients with HPVnegative cancer [51], irrespective of the treatment modality
[50]. The higher survival rate among HPV-positive
patients is in part attribute to greater locoregional control,
higher sensitivity to radiation or better radiosensitization
by Cisplatin-based chemoradiation strategies [78]. As p53
tumor-suppressor gene is often mutated in HPV-negative
cancers, in HPV-positive cells, there existing intact p53 ,
making them sensitive to treatment and restore apoptotic
function [79]. A study reported that far fewer genes were
mutated per tumor in the HPV-associated tumors(4.8±3)
as compared with those tumors not epidemiologically
related to HPV (versus 20.6 ±16.7) [80]. Nicolas et al.
reported that the Mutational Landscape of HNSCC and
reported that the mutation rate of HPV-positive tumors
was approximately half of that found in HPV-negative
HNSCC (2.28 mutations per megabase as compared with
4.83 mutations per megabase), and it’s suggestive of
biological differences between HPV-positive and -negative
disease [81]. Aberrant DNA hypermethylation within gene
promoters is a hallmark in various human malignancies,
including HNSCC. Efterpi et al. did an analysis based on
the robust difference in HPV-dependent gene promoter
hypermethylation in 3 OPSCC patient cohorts , and they
identified that a combined promoter methylation pattern of
low methylation levels in ALDH1A2 and OSR2 promoters
and high methylation levels in GATA4, GRIA4, and IRX4
promoters was significantly correlated with better OPSCC
outcome survival in 3 independent patient cohorts [82].
In addition, EGFR protein overexpression is reported
in 70-90% of HNSCC in various studies [83] and has
been correlated with a worse prognosis and resistance to
radiation therapy in HNSCC [84, 85].
Furthermore, despite chronic HPV infection allows
for the evolution of immune evasion mechanisms, and
that inflammation associated to the oral cavity has been
shown to be tumor promoting, viral antigens can elicit
an immune response, and among HPV-positive patients,
immune infiltration is associated with better prognosis
[86-88]. The epithelium of the oropharyngeal differs
from the mucosal epithelium at other HPV16-infected
sites , and it is juxtaposed with the underlying lymphatic
tissue, by which inhaled and ingested pathogens are
surveilled, thus, the immune response to HPV at this site
may be different from that at other anatomic locations
[89]. HPV16-specific CD4 +and CD8+T-cells are more
common in peripheral blood from HPV-positive HNSCC
patients than HPV-negative HNSCC patients [90]. And
66229

Oncotarget

the interplay between CD8+ and CD4+ T-cells can locally
and systemically influence prognosis. Lin et al. showed
that HPV-specific CD4+ T cells is of vital importance in
the generation of HPV-specific CD8+ T cells, and that the
CD4+ response plays a critical role in long-term tumor
protection [91]. Nasman et al. found a significantly higher
number of CD8+ tumor infiltrating lymphocytes and
Foxp3+ Tregs in HPV-positive tonsillar SCC patients as
compared with HPV-negative patients, and higher level of
CD8+ T-cell infiltration and a high local CD8+ /Treg ratio
were associated with better clinical outcome in tonsillar
SCC cases [92]. Therefore, the immunologic profile of
HPV-positive OPSCC plays a role in the significantly
better outcome. Additionally, the HPV-specific immune
response is reported to be associated with better response
to therapies. Higher CD8 levels were also associated
with tumor response to induction chemotherapy. Derrick
and Hoffmann found a significantly higher levels of
CD8+ T lymphocytes that are specific for HPV16
E7 peptides in the peripheral blood of HPV-positive
patients, which lead to a better survival rate of HPVpositive patients after chemotherapy [93, 94]. Moreover,
the tumor microenvironment, including immune cells,
may contribute to the greater radiosensitivity , and the
administration of radiation might enhance immune
surveillance to viral antigens [86]. The mechanisms
underlying HPV interferes with immune surveillance
include: 1) Hindering Langerhans cell migration [95, 96]
and activation [97], 2)Suppressing the interferon (IFN)
response [98], 3) Interfering with HLA class 1-mediated
antigen presentation [99], 4) suppression of inhibitory
signals by T regulatory cells (Treg) and immature myeloid
cells. However, the molecular mechanisms responsible
for the better prognosis of HPV-positive HNSCC patients
needed to be further explored.

that the genetic alterations of the young cohort was not
seen so consistently in older HNSCC [103]. 3p losses,
a frequent event in the old cohort , was not commonly
found(only two from ten) in the young cohort . As to
9p21, it was striking that all of the young-onset HNSCCs
lacked losses in this region, while in the older cases of
HNSCC, this altered region consistently existed. 11q13
is a region that contains several genes(CCDN1, EMS
1, FGF3 and FGF4) previously shown to be amplified
and overexpressed in HNSCC patients, while studies
concluded that 11q13 amplification was significantly
more frequent in smokers, which suggested that gains in
this region may have no relationship with ages of patients
[104].
EGFR is an important therapeutic target and
prognostic factor in oral cancer. Overexpression of EGFR,
results from regulatory pathway changes, gene structure
changes or gene amplification, which plays a rather
important role in tumorigenesis. Studies have shown that
a high EGFR gene copy number was significantly more
common in nonsmokers, as were EGFR mutations [105].
p53 gene alterations have been documented as
the most frequent genetic event in HNSCC and cases
with p53 alteration account for over 70% of the whole
[106]. Previous studies show that overexpression of p53
in HNSCC in young nonsmokers is not associated with
the classic p53 mutations in exons 5-9 [104]. And it has
been shown that p53 sequence alterations are decreased
in HPV infected patients, with the p53 silencing with its
production of E6 [50].
p16, encoded by the CDKN2A gene locus in
chromosome 9p21, is frequently inactivated resulting
in a complete block of gene transcription in cancer
patients [107]. In HNSCC patients, p16 is predominantly
inactivated by methylation and deletion of the gene but not
by mutation, and p16 methylation is a more common event
in those patients under 40 years of age in contrast to p16
deletions, which are more generally seen in those older
than 40 years. It appears that specific ways of inactivation
of p16 in cancer of head and neck are related to specific
patient risk profiles(p16INK4A genetic and epigenetic
profiles differ in relation to age and site in head and
neck squamous cell carcinomas). On the other hand, p16
overexpression has also been found in HNSCC patients
with HPV infection(we have discussed it in the part of
HPV infection) [108].
Moreover, Several SNPs may attenuate the function
of specific proteins and are associated with increased risk
of several malignancies, and such SNPs affected genes
involved in repair of DNA damage induced by tobacco,
and prominent cell cycle regulators like Cyclin D1
(CCND1), p53 and P21 (Waf1/CIP1) [5]. For example,
the recently identified single nucleotide polymorphism
in the MDM2 promoter (SNP 309) may contribute to the
early onset of in patients of HNSCC with defective p53.
Huang et al. reported that the mean age of onset for male

GENETIC FACTORS
Genetic predisposition may act as an important
contributor to young-onset HSNCC [5]. The development
of typical HNSCC is a result of a multistep process,
which involves multiple genetic and epigenetic events .
Genetic instability, as an important molecular mechanism
in cancers of head and neck region, has been extensively
studied .There exists a high consistency in relation to
copy number gains and losses of specific patterns of
DNA. Studies show that gains at 3q, 5q, 8q, and 11q, as
well as losses at 3 and 9p have been found in most of the
HNSCC patients [100]. Loss of chromosome region 3p
and 9p21 are common early genetic events in head and
neck squamous neoplasia [101, 102]. A study of youngonset HNSCC compared young adults (<40, N = 10) with
mostly smoking older adults(≥40, N = 10) using array
comparative genomic hybridization, They found that the
meannumber of aberrations of young nonsmokers was less
than 50% of that in the older smokers, which suggested
www.impactjournals.com/oncotarget
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OSCC patients with the MDM2 SNP 309 GG genotype
was 4.45 years earlier than those with the MDM2 SNP 309
TT genotype (p = 0.02) and with poorer differentiation of
OSCC tumors (p = 0.01) [112] .
Patients having one of several well-defined inherited
syndromes like Fanconi’s anaemia, Epidermolysis bullosa,
Xeroderma pigmentosum, and Blooms syndrome feature
a significantly increased incidence of HNSCC estimated
700-1000 fold greater than that of general people [109].
Such patients have Increased susceptibility to viral
transformation, susceptibility to mutagens, possible
immune system defects, and especially chromosomal
instability and defective DNA repair [110]. Various
organs can be affected and individuals generally present
with complications such as growth retardation, congenital
malformations, hyper-pigmentation and an elevated risk
of secondary malignancies including HNSCC at a early
age [111]. It’s worth noting that sporadic HNSCC that
develop in the general population has relationship with
inactivation of these genes (TP53, p16, FANCA-M ) or
aberrant expression of the members of these oncogenes
(ras and myc gene family, int-2, hst-1, cyclin D1,
epidermal growth factor receptor and Bcl-2) [112].
Similarly, pathways involved in surveillance of genetic
stability are pivotal events in HNSCC development in
individuals with such HNSCC susceptibility syndromes.
Although without enough evidence, researchers strongly
highlighted the significance to carry out an objective,
thorough and standardised oral cavity examination and
genetic consultation of young population with such
systemic diseases [71].
Additionally, family history may open up important
clues for HNSCC susceptibility, and it has a relationship
with an earlier onset of HNSCC [5]. People who have a
family history of one first-degree relative with the same
tumor and the same clinical features, with two or more
first-degree relatives with tumors at the same site or with
two or more first-degree relatives with rare tumors are
strongly suspect for an underlying genetic disorder [113].
Individuals having a family history of cancer in three or
more first-degree relatives have a 2-fold increased risk of
HNSCC [114]. The genetic law of cancer is quite special,
the vast majority of cancers can be explained by “inherited
susceptibility”, the offspring do not inherit cancer itself
but a kind of individual quality which makes them easier
to get cancer [115, 116].

spontaneous or chemical carcinogenesis [119, 120].
CD4+T cell deficiency and function disruption are
hallmarks of acquired immunodeficiency syndrome
(AIDS), caused by the human immunodeficiency virus
(HIV) [119, 120]. The risks of several different cancer
types such as lung cancer, esophagus cancer and breast
cancer are elevated in HIV-infected individuals due to
immunodeficiency or immune dysfunction/senescence
[121, 122]. Large cohort and HIV/AIDS-Cancer
registry match studies have suggested that HIV-infected
individuals have a 1.5-4-fold higher risk for HNSCC
comparing with the general population [123, 124].
Furthermore, HIV-related immunosuppression may be a
strong risk factor for oral HPV incidence or persistence
given the 2-3 times higher adjusted odds of oral HPV
prevalence in HIV-infected individuals compared to HIVuninfected individuals [125]. And recent studies suggested
HIV-infected individuals have an overall oral HPV DNA
prevalence between 20% and 45%, and an oncogenic oral
HPV DNA prevalence between 12% and 26% [125-127].
And the increased oral HPV prevalence may reflect a
loss of vital control in those with compromised immune
system inversely. Considering special ages of HIV and
HPV infection, it’s reasonable to speculate that head and
neck squamous cell carcinoma related to AIDS might
accordingly occur in the young population.
Patients who have received solid organ
transplantation (SOT) have an increased risk of suffering
from malignancies [128], and the development of
malignancy after SOT may be explained by the role of the
immune system , infections, and some other factors [129].
Many studies show that the overall incidence of HNSCC
is increased in recipients especially liver recipients
who had alcoholic cirrhosis compared with the general
population [130]. And it’s reported that about 4-15% of all
malignant tumors after transplantation are head and neck
cancers and a large part of these head and neck cancers are
squamous cell carcinomas of the lip or oropharynx [128,
130-134]. Jenny et al reported that SOT patients have the
risk increased 6 times for oral cancer, and for lip cancer
44 times in their cohort, and SOT patients with lip cancer
have a worse prognosis compared with non-SOT patients
[135]. In addition, Head and neck malignancies after
SOT are inclined to affect younger recipients, and often
have a more aggressive behavior, a worse prognosis [136,
137]. Annekatrin et al. reported that 33 out of 2040 liver
recipients developed de novo head and neck malignancies,
and the median age at liver transplantation was 51 years
(17-64 years) and the median time of diagnosis of HNSCC
after transplantation was 7 years (1-25 years), it suggested
that solid organ transplantation is a possible risk factor of
young-onset HNSCC [138].

IMMUNOCOMPROMISE
The concept of immune surveillance was first put
forward by Burnett, that the immune system has monitor
functions of tumor, so that new malignant transformation
cells can be removed at any time preventing tumors
from happening [117, 118]. Researches show that T cell
deficiency or disruption of specific cytotoxic mechanisms
can render experimental animals more susceptible to
www.impactjournals.com/oncotarget

PERSISTENT IRRITATION
Persistent irritation on oral mucosa was reported
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to have potential to trigger chronic inflammation, giving
rise to the occurrence of oral cancer. Irritations constantly
do harm to the epithelia, which may reduce their barrier
function and make them more vulnerable for pathogens.
On the other hand, to supersede damaged cells and repair
mucosal lesions, higher mitosis efficiency and proliferation
are necessary, which may bring about an increased
vulnerability, genetic instability and accumulation of
somatic mutations. The latter leads to increased risk
of oral cancer [57]. Santos-Silva et al. reported that 3
young patients (between 21 to 34 years of age) , who had
recently received orthodontic treatment , were diagnosed
with tongue squamous cell carcinoma subsequently
[139]. Consistent irritation in oral cavity is also visible
in children, which may increase the risk of them to suffer
from OSCC. Moore reported a case of tongue carcinoma
induced by the spur of a nonviable broken tooth in a
13-year-old boy [140]. A case reported by Amichetti of a
14-year-old girl used to chewing a plastic ball pen finally
suffered from OSCC [141]. Another patient at age of 14
encountered OSCC after the stimulation of orthodontic
appliance [142].
Recent studies have shown that in addition to being
a tumor initiator by virtue of its high carcinogen content,
tobacco and alcohol use are also tumor promoters because
of their ability to trigger chronic inflammation [143]. Such
commonly accepted risk factors, which involved in the
genesis of carcinoma in adulthood, have little association
with HNSCC in paediatric patients and adolescents, this
is because of the fact that a very short-term exposure
is not enough to induce neoplastic degeneration [144,
145]. However, based on the far-ranging tobacco control
activities, the number of adult smokers decreased
evidently, while the number of smoking in young
population especially in developing countries increased
significantly in these years. Data from Eurobarometer
in 2009 showed that 46 % of men and 32 % of women
smoked more than 15 regularly. 39 % in 15-24 age group,
and 50 % in 25-39 age group were smokers [51]. Such
high number of smokers in the young population should
not be ignored. Wechsler et al. reported that an increasing
frequency of binge drinking behavior among teenagers
became a major concern area of young-age alcohol
consumption. In the US, data from National Household
Survey showed that about half of the young drinkers(18-25
years old) were binge drinkers and about one in five were
heavy drinkers [146]. The Global Status Report ‘‘Alcohol
and young people’’ reports that young people are starting
to drink at earlier ages [5]. Thus, regular alcohol intake in
Western youth is decreasing while heavy consumption of
alcohol over a short period of time (binge drinking) has
become more popular in recent years. Strangely, a large
number of patients especially most young women patients,
who don’t even have a habit of smoking or drinking, they
still suffer from HNSCC, it may result from variation
in ability to detoxify the smoke and alcohol products in
www.impactjournals.com/oncotarget

different individuals, therefore, environmental exposure
to smoke may play a role in such none-smokers with
HNSCC [147].
In addition, poor oral health can easily lead to
mucosal disruption by local irritation, patients have
increased susceptibility to infectiousness of HPV and oral
cancer [148]. Wolfgang et al. harbored that both poor oral
health and poor dental care were positively associated with
increased risk of oral and oropharyngeal cancers, which
could not be explained by smoking, alcohol or other
known risk factors [149]. Children may be easier to get
poor oral health because most of them lack the awareness
of oral hygiene such as irregular tooth brushing, too much
sugar or sugar-containing foods consumption. Especially
in developing countries, education of the importance
of oral health lags behind relatively, parents are lack of
knowledge, which affects children oral health seriously
[150]. Thus, the improvements in the level of knowledge
and awareness of school health care instructor is necessary
for the children.

CONCLUSIONS
Young-onset HNSCC, though uncommon, the
number of which is increasing at a great lick, In addition
to the traditional risk factors like tobacco and alcohol
using, head and neck cancer in young patients may
also be associated with viral infection, genetic factors,
immune factors and persistent irritation, etc. While a
very short-term exposure may not be enough to induce
tumorigenesis, and studies found significant differences
in gene and prognosis between young and old patients,
which indicate that young-onset HNSCC may be a new
kind of disease apart from HNSCC in old patients. Thus,
improved definition of this biology is needed to establish
successful preventive and treatment efforts for HNSCC in
young patients.
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