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Abstract

Oral squamous cell carcinoma (OSCC) commonly affects older patients; however, several studies have documented an
increase in its incidence among younger patients. Therefore, it is important to investigate if this trend is also found in differ-
ent geographic regions. The pathology files of diagnostic and therapeutic institutions from different parts of the globe were
searched for OSCC cases diagnosed from 1998 to 2018. Data regarding the sex, age, and tumor location of all cases, as well
as the histologic grade and history of exposure to risk habits of cases diagnosed as OSCC in young patients (<40 years of
age) were obtained. The Chi-square test was used to determine any increasing trend. A total of 10,727 OSCC cases were
identified, of which 626 cases affected young patients (5.8%). Manipal institution (India) showed the highest number of
young patients (13.2%). Males were the most affected in both age groups, with the tongue and floor of the mouth being the
most affected subsites. OSCC in young individuals were usually graded as well or moderately differentiated. Only 0.9% of
the cases occurred in young patients without a reported risk habit. There was no increasing trend in the institutions and the
period investigated (p > 0.05), but a decreasing trend was observed in Hong Kong and the sample as a whole (p<0.001). In
conclusion there was no increase of OSCC in young patients in the institutions investigated and young white females not
exposed to any known risk factor represented a rare group of patients affected by OSCC.
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Introduction

Oral cancer represents the 18th most common malignancy
worldwide with 354,864 new cases estimated for 2018,
representing approximately 2% of all human cancers in
this period. In addition to this high frequency, oral cancer
is also associated with a high mortality rate, with 177,384
new deaths being estimated as a consequence of this dis-
ease (1.9% of all cancer-related deaths) [1].

Although oral cancer represents an important health
problem worldwide, its importance is even more relevant
in specific geographic regions where its incidence ranks
top among human cancers. This for the most part is due to
local cultural habits associated with the use of oral carci-
nogenic agents such as tobacco. In South America, Brazil
has the highest incidence of oral cancer [2], while this
malignancy is one of the more common human cancers in
India, Pakistan, Taiwan, and Sri-Lanka.

Oral squamous cell carcinoma (OSCC) is the most com-
mon malignant neoplasm of the oral cavity, accounting
for over 90% of all malignancies [3-5]. It usually affects
the tongue and the floor of the mouth, being most preva-
lent in male patients older than 50 years of age [2]. How-
ever, some studies from the United States of America and
Europe have demonstrated a rising incidence of cases
affecting younger patients [6, 7]. Although some of these
individuals have been exposed to tobacco earlier in life,
simulating the biological context of the more common
older population, a specific group of young individuals
with OSCC, usually white women, have no reported expo-
sure to known risk habits [8].

During the last decade, our group has investigated the
clinicopathological and molecular aspects of oral cancer in
young patients to better understand its pathogenesis in this
important clinical scenario [9-13]. In the current study, we
aim to determine if the increased incidence of OSCC in
young patients previously reported in the USA and Euro-
pean countries is also occurring in other parts of the world.

Material and Methods

All cases diagnosed as OSCC during a 20-year period
(1998 to 2018) were retrospectively retrieved from the
files of the oral pathology services of the Universidade
Federal de Minas Gerais (Belo Horizonte/Brazil), Manipal
Academy of Higher Education (Manipal/India), University
of Pretoria (Pretoria/South Africa), University of Sheffield
(Sheffield/UK), Universidad Nacional de Cérdoba (Cor-
doba/Argentina), Universidad Auténoma Metropolitana -
Xochimilco (Mexico City/Mexico), University of Basque
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Country (Bilbao/Spain) and the University of Hong Kong
(Hong Kong/China). Demographic data regarding age, sex,
and tumor location were collected for all OSCC cases,
while data on the histologic tumor grade according to the
WHO criteria and the history of exposure to known risk
factors for OSCC development including tobacco use,
alcohol intake, and betel quid chewing, were collected for
the young patient group. Tumor tissue were available from
either diagnostic biopsies or surgical specimens depending
on the institution of origin that comprised both hospitals
and oral pathology services specialized in the treatment
and diagnosis of oral cancer.

Patients were categorized as younger individuals when
aged 40-years or less. All cases affecting the orophar-
ynx and lips were excluded given their unique etiological
association with HPV infection and ultraviolet radiation,
respectively. Special histologic subtypes of OSCC includ-
ing carcinoma cuniculatum, papillary, verrucous, spindle,
acantholytic, adenosquamous, and basaloid squamous cell
carcinomas, and those with unavailable information regard-
ing the affected site and the patients’ age were also removed
from the analysis. Finally, OSCC cases affecting patients
with known syndromes or predisposing systemic conditions
were also excluded.

Comparisons were made between younger patients and
those older than 40 years of age to determine differences
between these two age cohorts regarding sex and affected
site (tongue + floor of the mouth vs buccal mucosa + alveolar
ridge + gingiva + retromolar trigone vs palate vs oral cav-
ity, NOS). In addition, comparisons were made between
data collected according to the period in which cases were
diagnosed using the following sequence: 1998-2003,
2004-2009, 2010-2014, and 2015-2018, to detect possible
variations and trends across the years. The Pearson Chi-
square and Fisher’s exact tests were used to analyze cate-
gorical variables. All analyses were performed using version
22.0 of the SPSS statistical package (IBM Corp., Armonk,
NY, USA), whereby a significant result was obtained when
the p value was <0.05.

This study followed the principles established by the
Helsinki Declaration on human research and was per-
formed following approval by the Ethical Committee
of the Universidade Federal de Minas Gerais (CAAE#
91158918.0.0000.5149).

Results

The distribution and clinicopathological features of all
OSCC cases and those affecting young patients from each
institution are described in Table 1. Taken together, the insti-
tutions diagnosed 10,727 cases of OSCC, with 626 cases
affecting patients <40 years of age, representing 5.8% of
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Table 1 Distribution and clinicopathological features of oral squamous cell carcinoma affecting patients <40 years old and>40 years old in
referral oral diagnosis centers from different regions of world (1998-2018)

Belo Horizonte  Cordoba Mexico City  Sheffield Bilbao Pretoria Hong Kong Manipal Total
(Brazil) (Argentina) (Mexico) (UK) (Spain) (South Africa)  (China) (India)
No. of OSCC cases 934 170 383 2051 174 1186 5192 637 10,727
Sex distribution
Male 685 (73.3%) 97 (57.1%) 167 (43.6%) 1256 (61.2%) 95 (54.6%) 797 (67.2%) 3033 (58.4%) 437 (68.6%) 6567
(61.2%)
Female 249 (26.7%) 73 (42.9%) 216 (56.4%) 795 (38.8%) 79 (45.4%) 389 (32.8%) 2159 (41.6%) 200 (31.4%) 4160
(38.8%)
Mean age (range) 59.5 (18-98) 63.1 (18-90) 64.3 (26-96) 65.0 (6-95) 64.4 (25-95)  59.7 (5-99) 64.5 (5-100)  55.7(18-86) 62.0
(years) (5-100)

Affected site
Buccal mucosa/Alveo- 255 (27.3%) 52 (30.6%) 151 (39.4%) 622 (30.3%) 82 (47.1%) 211 (17.8%) 1215 (23.4%) 406 (63.7%) 2994

lar ridge/Gingiva/ (27.9%)
Retromolar trigone
Tongue/Floor of 614 (65.7%) 98 (57.6%) 202 (52.7%) 1246 (60.8%) 78 (44.8%) 690 (58.2%) 3395 (65.4%) 180 (28.3%) 6503
Mouth (60.6%)
Palate 65 (7.0%) 15 (8.8%) 24 (6.2%) 134 (6.5%) 14 (8.1%) 49 (4.1%) 367 (7.1%) 24 (3.8%) 692 (6.5%)
Oral mucosa, NOS 0(0.0%) 5(2.9%) 6 (1.5%) 49 (2.4%) 0(0.0%) 236 (19.9%) 215 (4.1%) 27 (4.2%) 538 (5.0%)
No. of OSCC in 43 (4.6%) 9(5.3%) 25 (6.5%) 76 (3.7%) 12 (6.8%) 65 (5.5%) 312 (6.0%) 84 (13.2%) 626 (5.8%)
patients <40 years
(%)
Sex distribution
Male 28 (65.1%) 6 (66.6%) 14 (56%) 45 (59.2%) 4(33.3%) 34 (52.3%) 163 (52.2%) 64 (76.2%) 358 (57.2%)
Female 15 (34.9%) 3(33.4%) 11 (44%) 31 (40.8%) 8 (66.7%) 31 (47.7%) 149 (47.8%) 20 (23.8%) 268 (42.8%)
Mean age (range) 34 (18-40) 30.4 (18-40) 34.9 (26-40) 33.5 (6-40) 33.2(25-40) 34.0 (5-40) 32.7 (5-40) 34.6 (18-40)  33.4 (5-40)

Microscopic differentia-
tion

Well differentiated 14 (32.6%) 6 (66.7%) 17 (68%) 28 (36.8%) 11 (91.7%) 12 (18.5%) 12 (14.3%) 100 (31.8%)
Moderately differenti- 6 (14.0%) 3(33.3%) 6 (24%) 38 (50.0%) 1(8.3%) 15 (23.1%) NA 57 (67.9%) 126 (40.1%)
ated
Poorly differentiated 4 (9.3%) 0 (0.0%) 2 (8%) 10 (13.2%) 0(0.0%) 33 (50.8%) 8(9.5%) 57 (18.2%)
Not specified 19 (44.2%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 5(7.7%) 7 (8.3%) 31 (9.9%)
Affected site
Buccal mucosa/Alveo- 11 (25.6%) 4 (44.4%) 4 (16%) 12 (15.8%) 1(8.3%) 11 (16.9%) 23 (7.4%) 48 (57.1%) 114 (18.2%)
lar ridge/Gingiva/
Retromolar trigone
Tongue/Floor of 28 (65.1%) 5(55.6%) 20 (80%) 63 (82.9%) 11 (91.7%) 37 (56.9%) 262 (84.0%) 32 (38.1%) 458 (73.2%)
mouth
Palate 4(9.3%) 0 (0.0%) 1 (4%) 1(1.3%) 0(0.0%) 4 (6.2%) 18 (5.8%) 1(1.2%) 29 (4.6%)
Oral mucosa, NOS 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0 (0.0%) 13 (20.0%) 9(2.8%) 3(3.6%) 25 (4.0%)
Tobacco use
Yes 22 (51.2%) 1(11.1%) 7 (28%) 11 (14.5%) 7 (58.3%) 13 (20.0%) NA 41 (48.8%) 102 (32.5%)
No 11 (25.6%) 0(0.0%) 5(20%) 16 (21.1%) 3(25.0%) 7 (10.8%) 43 (51.2%) 85 (27.1%)
Not specified 10 (23.2%) 8 (88.9%) 13 (52%) 49 (64.4%) 2 (16.7%) 45 (69.2%) 0 (0.0%) 127 (40.4%)
Alcohol use
Yes 13 (30.2%) 0 (0.0%) 1 (4%) 13 (17.1%) 7 (58.3%) 3 (4.6%) NA 7 (8.3%) 44 (14.0%)
No 18 (41.9%) 1(11.1%) 11 (44%) 10 (13.2%) 2 (16.7%) 2 (3.1%) 77 (91.7%) 121 (38.5%)
Not specified 12 (27.9%) 8 (88.9%) 13 (52%) 53 (69.7%) 3(25.0%) 60 (92.3%) 0 (0.0%) 149 (47.5%)
Exposure to other risk
factors
Yes 23 (53.6%) 1(11.1%) 7 (28%) 18 (23.7%) 9 (75.0%) 13 (20.0%) NA 64 (76.2%) 135 (43.0%)
No 10 (23.2%) 0 (0.0%) 5 (20%) 8 (10.5%) 1(8.3%) 7 (10.8%) 20 (23.8%) 51 (16.2%)
Not specified 10 (23.2%) 8 (88.9%) 13 (52%) 50 (65.8%) 2 (16.7%) 45 (69.2%) 0 (0.0%) 128 (40.8%)

NOS Not otherwise specified
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«Fig. 1 Distribution of OSCC in young patients from 1998 to 2018
in different parts of the world for every five years. A Belo Horizonte
(Brazil). B Cordoba (Argentina). C Mexico City (Mexico). D Pretoria
(South Africa). E Sheffield (UK). F Bilbao (Spain). G Hong Kong
(China) and H Manipal (India). a, b, ¢ Statistically significant differ-
ence. a between 2003/2008 and 2009/2013. b between 2003/2008 and
2014/2018. ¢ 2009/2013 and 2014/2018

this sample. There were 6,567 cases affecting males (61.2%)
and 4,160 cases affecting females (38.8%). The mean age
of all OSCC cases was 62-years (range 5 to 100 years). The
most commonly affected subsites were the tongue and the
floor of the mouth (60.6%), although the buccal mucosa/
alveolar ridge/gingiva/retromolar trigone regions were the
most affected subsites in cases from Manipal institution,
India (63.7%).

Regarding only the young patients, males also outnum-
bered females (M:F ratio of 1.3:1.0), with a mean age at
diagnosis of 33.4-years (range 5 to 40 years). The tongue
and the floor of the mouth were the most affected subsites
(73.2%), although buccal mucosa/alveolar ridge/gingiva/
retromolar trigone regions were again the most affected
subsites in Manipal, India (57.1%). Most of the cases diag-
nosed in young patients were histologically graded as well or
moderately differentiated tumors (31.8% and 40.1%, respec-
tively), whereas only 18.2% of the cases were diagnosed as
poorly differentiated. Data concerning the exposure of young
patients to known risk habits showed that 32.5% of patients
were exposed to tobacco, 14% reported alcohol consump-
tion, and 43% to other risk habits, including pan masala and
betel quid, especially in Manipal, India. In contrast, 16.2% of
the young patients with OSCC reported no history of expo-
sure to known risk habits. Moreover, we found 17 OSCC
affecting patients with 18 years-old or less, and only 4 cases
affecting patients with 10 years-old or less.

The results of the variation in the frequency and trends of
OSCC affecting young patients through the 20-year period
investigated are illustrated for each service and the whole
population in Fig. 1. Arbitrarily aggregating data in five-
year increments, we could not demonstrate any statistically
significant increase in the number of young patients affected
by OSCC in any of the institutions investigated or in the
whole sample (p > 0.05). On the contrary, there was a sig-
nificant decrease in the number of cases when we compared
2003-2008 to 2009-2013 periods in Belo Horizonte/Brazil
(p<0.05), from 2003-2008 to 2014-2018 (p <0.001) and
from 2009-2013 to 2014-2018 (p <0.001) in Hong Kong/
China, and from 2003-2008 to 2014—2018 in the whole sam-
ple evaluated (p <0.01).

Investigating only the group of patients comprised of
young female patients never exposed to any known risk
habits, we found 9 cases in India, 8 in Brazil, 7 in South
Africa (6 white females and 1 black female), 5 in the UK, 1
in Spain and 0 in Mexico and Argentina. Unfortunately, this

data was not available for Hong Kong patients. Moreover,
Eastern countries (China and India) presented significantly
more cases (7,3%) affecting young patients than in Western
countries (4.9%) (p<0.001).

Discussion

Oral cancer is a significant health problem worldwide, with
its development strongly associated with sociocultural hab-
its, leading to significant variability in its incidence among
different parts of the world [2]. Epidemiological studies have
shown a decrease in its overall incidence, followed by a rise
in the number of HPV-positive oropharyngeal cancer during
the last decades [14, 15]. However, oral cancer still remains
the most common human malignancy among males in some
Asiatic countries [16]. OSCC usually affects patients over
50 years of age; however, a series of studies has revealed an
increase in the number of cases affecting younger individu-
als, especially white females without exposure to known risk
habits [15]. Although these studies used large-scale popu-
lational databases, they were restricted to very few coun-
tries. Therefore, by accessing the files of referral centers
worldwide we attempted to determine if this increasing trend
might also occur in other regions. Our findings did not indi-
cate a significant rise in the number of young patients diag-
nosed with OSCC during the last two decades, as recently
described in Republic of Korea [17].

Many literature references indicating an increase in the
incidence of OSCC in young patients were developed in the
USA using the SEER database. Davies et al. [18] showed a
significant increase in the number of cases affecting young
patients. This finding was corroborated by Shiboski et al.
[19], demonstrating increasing trends among white females
younger than 40 years of age. These results were further sup-
ported by Patel et al. [6] and Tota et al. [20] using updated
versions of the SEER database. Simultaneously, a popula-
tion-based study published by Annertz et al. [21], which was
later updated by the same group [7], also documented an
increase in the incidence among young patients in European
Nordic countries. These results were also found in institu-
tion-based studies [22-24].

Although these studies are well designed to investigate
the incidence of OSCC in young patients and represent the
basis of our current knowledge on this subject, they are lim-
ited to specific geographic regions and contain important
methodological limitations associated with the character-
istics of the databases used by these authors. The SEER-
based studies have time overlaps and do not cover the whole
American territory. In all studies, lip cancer, known to be
associated with exposure to ultraviolet radiation, was also
included in the samples and might account for some of the
cases in this young age group. Histologic subtyping was not
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performed in these population studies, resulting in some
OSCC subtypes that have different clinical features and
biological behaviors being included in the overall analyses.
Finally, few studies investigated the association of OSCC
with known risk factors.

Given the results reported by these studies, there is an
important need to validate these observations in other geo-
graphic regions. In this study, we used institutional data-
bases to investigate whether the changing trend in the last
twenty years reported by Muller et al. [24] occurred in
other regions. Although institutional data is less representa-
tive than population-based studies, the centers included in
this series are important references for the diagnosis and
treatment of oral cancer in these regions. Moreover, using
institutional data allowed us to overcome some of the
above-described limitations of the population-based stud-
ies, including histologic confirmation, the exclusion of lip/
oropharyngeal cancers, the exclusion of cases with known
predisposing syndromes, and the possibility of analyzing the
exposure to known risk factors. However, our findings must
also be validated in population-based studies in each of these
countries, since unknown local environmental factors may
predispose the onset of OSCC in young people.

In the present survey, we only observed 30 cases of
OSCC in young females not exposed to known risk factors.
Although we failed to demonstrate an increase in the fre-
quency of oral cancer in young patients in the institutions
investigated, it is evident the presence of a unique group of
patients that develop OSCC earlier in life, without associated
risk factors. In contrast, we also observed a group of young
patients diagnosed with OSCC who were exposed to some
type and degree of risk factors. These patients therefore rep-
resent conventional oral cancer patients, as the period of
exposure may be similar to older patients [25] and earlier age
of smoking onset increases head and neck cancer incidence
[26]. A study by Choi et al. [27] did not find a significant dif-
ference between young and old groups according to tobacco
and alcohol exposure. On the other hand, Farquhar et al. [15]
demonstrated that younger patients (<45 years) were more
likely to abstain from tobacco usage (51% vs 39%) compared
with older individuals. Conversely, Patel et al. [6] claimed
that the decrease in tobacco smoking in the USA demon-
strated by other population-based studies, would suggest a
lack of association between tobacco use and the increase of
OSCC among young patients.

The highest number of young patients observed in our
study originated from Manipal, India (84 cases). Most of
these patients reported usage of at least one known risk
factor for oral cancer. These findings stem from the well-
known local sociocultural habits of chewing and/or smok-
ing different forms of tobacco [16]. Amongst the Indian
population, only a small minority of patients with OSCC
reported no associated form of tobacco exposure. In India,
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the use of other products, different from cigarette smoking,
also seems to impact clinical presentation, since the buccal
mucosa/alveolar ridge/gingiva/retromolar trigone regions
were the most affected subsites [16]. These sites seem most
exposed to the hazardous effects of tobacco in this popula-
tion, whereas the floor of the mouth and tongue represents
the most affected subsites in all other geographic regions
[28]. The tongue and the floor of the mouth are often simul-
taneously affected by advanced stage OSCC, are typically
associated with similar etiological factors, and show simi-
lar biological behavior. Therefore, for statistical purposes,
we evaluated these two locations together and the use of
the term oral cancer may be more appropriate than tongue
cancer.

Distinguishing oral cancer from lip cancer and oro-
pharyngeal cancer is crucial, as these cancers are associated
with different etiological factors, exhibit different clinical
behaviors, and may be treated with different therapeutic
approaches. However, many studies do not separate these
patients, resulting in inconsistent conclusions. After observ-
ing an increase in the incidence of oropharyngeal cancer
in developed countries, HPV infection was determined as
a new etiological agent [14]. Therefore, it has been specu-
lated whether this virus would also play an important role
in the development of OSCC in young patients. Although
Kaminagakura et al. [29] observed evidence to support this
theory, these results could not be reproduced by other stud-
ies [11, 30-32].

Regarding the histologic differentiation of oral cancer
in young patients, we observed that the majority of the
cases were classified as well to moderately differentiated
tumors, as previously described [24]. Unfortunately, since
this information was not available for all OSCC affecting
older patients, we could not determine if well-differentiated
tumors were more common in younger individuals. Interest-
ingly, our sample had several cases showing microinvasion
of the connective tissue, suggesting that these cases pre-
sented in early clinical stages. In this study, less common
histologic subtypes of OSCC were excluded, as some sub-
types may be associated with specific clinicopathological
features, such as adenosquamous carcinoma whose origin is
still debatable [33], and verrucous carcinoma that presents
with a distinct clinical presentation and biological behavior
[34].

In addition to the high variability present in the lit-
erature concerning the most appropriate cut-off value to
categorize patients as either young or older individuals,
the molecular basis and the prognostic significance of
OSCC affecting young patients are also debatable. We
performed a comprehensive literature review [11] to inte-
grate the available data regarding the molecular altera-
tions described in OSCC of young patients and observed
minor molecular differences compared to their older
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counterparts. An important limitation of most of the stud-
ies attempting to investigate the molecular basis of oral
cancer in young patients is the lack of uniformity in the
design of both control and study groups. Therefore, future
contributions require the appropriate separation of clinico-
pathological groups, especially the white female group of
patients never exposed to risk factors [8].

Although predisposing syndromes and medical condi-
tions associated with a significantly higher risk of develop-
ing oral cancer are uncommon, they must be considered in
studies dealing with young patients. OSCC cases affecting
children and adolescents might be explained by the pres-
ence of pre-existing diseases such as Fanconi’s anemia,
xeroderma pigmentosum, among others. In this study, we
attempted to exclude all patients with known syndromes
or predisposing systemic conditions, which could, how-
ever, at least partially explain the development of OSCC
in 5 and 6 years-old patients in our sample. Therefore, a
detailed genetic investigation of these very young patients
is highly desirable. Another relevant scenario is the pos-
sible association of oral cancer and HIV/AIDS, which has
been more commonly described in recent years [35-38]. In
our study, there were 5 young patients diagnosed with oral
cancer and HIV/AIDS in the sample retrieved from Pre-
toria, South Africa. However, the etiological association
of HIV/AIDS and OSCC development are incompletely
elucidated.

In conclusion, using data retrieved from eight referral
centers from around the world covering a 20-year period,
we did not observe an increasing trend in the frequency of
OSCC in patients younger than 40-years-old, nor specifically
in young white females never exposed to known risk factors.
This result must, however, be validated using population
databases in these countries and further collaborative studies
are encouraged.
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