
 

 

 University of Groningen

A population-based study of the epidemiology of oral squamous cell carcinoma in the
Netherlands 1989-2018, with emphasis on young adults
Al-Jamaei, A. A. H.; van Dijk, B. A. C.; Helder, M. N.; Forouzanfar, T.; Leemans, C. R.; de
Visscher, J. G. A. M.
Published in:
International Journal of Oral and Maxillofacial Surgery

DOI:
10.1016/j.ijom.2021.03.006

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2022

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Al-Jamaei, A. A. H., van Dijk, B. A. C., Helder, M. N., Forouzanfar, T., Leemans, C. R., & de Visscher, J. G.
A. M. (2022). A population-based study of the epidemiology of oral squamous cell carcinoma in the
Netherlands 1989-2018, with emphasis on young adults. International Journal of Oral and Maxillofacial
Surgery, 51(1), 18-26. https://doi.org/10.1016/j.ijom.2021.03.006

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1016/j.ijom.2021.03.006
https://research.rug.nl/en/publications/70085bd9-1b89-4f73-acad-246d5da4fe29
https://doi.org/10.1016/j.ijom.2021.03.006


Research Paper

Head and Neck Oncology

Int. J. Oral Maxillofac. Surg. 2022; 51: 18–26
https://doi.org/10.1016/j.ijom.2021.03.006, available online at https://www.sciencedirect.com
A population-based study of the
epidemiology of oral squamous
cell carcinoma in the
Netherlands 1989–2018, with
emphasis on young adults
A. A. H. Al-Jamaei, B. A. C. van Dijk, M. N. Helder, T. Forouzanfar, C. R. Leemans, J.
G. A. M de Visscher: A population-based study of the epidemiology of oral squamous
cell carcinoma in the Netherlands 1989–2018, with emphasis on young adults. Int. J.
Oral Maxillofac. Surg. 2022; 51: 18–26. ã 2021 The Author(s). Published by
Elsevier Inc. on behalf of International Association of Oral and Maxillofacial
Surgeons. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Abstract. There has been an increasing tren
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d in oral squamous cell carcinoma (OSCC) in
 this study was to evaluate the burden of

OSCC in the Netherlands between 1989 and 2018 among young adults (age 20–34
years) when compared to adults (age 35–44 years), and to describe the burden in older
groups as well, utilizing cancer registry data to characterize incidence patterns by age,
sex, and risk factors. A total of 18,963 cases of OSCC were reported. The overall
incidence rate, as measured by annual percentage change (APC), increased
significantly from 1989 to 2010 by 1.3% per year (95% confidence interval (CI) 0.9–
1.7%) but decreased thereafter by �0.9% (95% CI �2.5% to 0.7%). Annual incidence
increased significantly by 2.4% (95% CI 1.1–3.8%) for patients aged 20–34 years,
while it decreased for those aged 35–44 years by �0.9% (95% CI �1.7% to 0.0%). In
patients older than 60 years, incidence rates increased overall (60–74 years: APC 1.8%,
95% CI 1.5–2.1%; �75 years: APC 1.5%, 95% CI 1.2–1.9%). Overall, 66.5% of
patients were smokers and 65.3% were alcohol consumers. The marked differences in
incidence within the young age subgroups warrants further investigation to elucidate
any likely disparity in biological process and clinical outcomes in these populations.
Key words: oral cancer; young adults; inci-
dence; risk factors; epidemiology; Netherlands.

Accepted for publication
Available online 25 March 2021
The incidence of oral cancer varies con-
siderably internationally, and with its high
mortality rate, oral cancer remains a seri-
ous problem for global public health.
Based on the global estimate of the year
2012, cancer of the oral cavity alone was
responsible for 202,000 incident cases1.
The most recent GLOBOCAN data
available (2018) showed that a total of
354,864 new cases of lip and oral cavity
cancer were diagnosed worldwide, and the
highest incidence rates were reported in
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Melanesia and South-Central Asia2. More
than 90% of malignant oral tumours are
squamous cell carcinoma (SCC), and most
patients are male and between 50 and 70
years of age, with a history of (combined)
tobacco and alcohol use3. However, a
trend of increasing numbers of patients
with oral squamous cell carcinoma
(OSCC) younger than 45 years old has
been reported in countries all over the
world, except for the Netherlands4. This
subgroup of young patients has been
reported to be different with regard to
tumour site, aetiological factors, and sex
distribution when compared to the older
age groups4,5.
Tobacco and alcohol use are the most

prominent risk factors in 74% of OSCC
in the Western countries6. Viral infec-
tion with human papillomavirus (HPV)
has also been suggested as an emerging
risk factor that explains the increasing
incidence of this disease in the young
population, particularly in non-smoker
young females7,8. Its causal role in
OSCC is still controversial because of
the very low detection rate. The inci-
dence of HPV positivity among Dutch
patients with OSCC varies between
3.2% and 3.7%9. Hence, the involve-
ment of HPV infection in OSCC carci-
nogenesis in the Netherlands seems to be
limited.
Until now, there has been a lack of

consensus on what age should be consid-
ered to define ‘young’ patients. Various
studies have arbitrarily used cut-off values
of 35, 40, or 45 years10–13, unavoidably
resulting in varying incidence rates and
trends, and making it impossible to com-
pare reported incidences rates of OSCC in
young patients.
In the Netherlands, the age range for

the adolescent and young adults (AYA)
group has been defined as 18–35 years14,
but Dutch epidemiological studies so far
have evaluated OSCC incidence rates
using an upper age limit of 45 years for
young adults15,16. In order to provide
detailed information on incidence rates
of OSCC in particular in young patients
in the Netherlands, an analysis was per-
formed of the changes in OSCC trends
over the period 1989–2018 in young
patients in two age groups: 20–34 years
and 35–44 years. Possible trends were
also determined for older patients. This
study is novel in examining incidence
trends in OSCC in the Netherlands for
these younger age groups separately. The
second research aim was to elucidate
differences in smoking and drinking
habits at the population-level between
OSCC age groups.
Materials and methods

Data source and population

All newly diagnosed patients (age �20
years) with oral epithelial carcinoma dur-
ing the years 1989 to 2018, identified in
the Netherlands Cancer Registry (NCR),
were included. Comprehensive evaluation
of the NCR data has shown that the regis-
try database is complete and recording
approximately 98% of all cancers17. The
current analysis was limited to cases
diagnosed with SCC (morphology codes
M8050–M8084) based on the Internation-
al Classification of Diseases for Oncology,
third edition (ICD-O-3), localized at the
following subsites: mucosa of lip (C00.3–
C00.9), oral tongue (C02), gum (C03),
floor of mouth (C04), palate (C05.0;
C05.8–9), and other or unspecified parts
of the oral cavity (C06). Epithelial carci-
noma of the external lip (C00.0–2) and
salivary gland carcinoma (C07–C08) were
not considered. Standard clinical TNM
staging is the main tumour staging system
used in the NCR and comprises four
stages. For the purpose of analysis, the
TNM stages were condensed into local
disease (stages I and II) and advanced
disease (stages III and IV). Incidence rates
according to sex by age group were
expressed as the European age-standard-
ized rate per 100,000 person-years (ESR),
and data were classified into five age
groups: young adults (20–34 years), adults
(35–44 years), middle-aged adults (45–59
years), early elderly (60–74 years), and
late elderly (�75 years).
As part of a national initiative towards a

comprehensive registry, the NCR started
to collect data on risk factors in 2015, thus
information about smoking and drinking
habits was available only for the last 4
years of the study period (2015–2018).
Smoking tobacco was defined in terms
of cigarettes/cigars, and was reported as
smoking status (current/past smoker, and
never). Quantification was calculated in
pack-years, and 20 pack-years was chosen
as the cut-off point for subgrouping the
patients. Similarly, patients consuming
alcohol were defined as ‘current drinker/
past drinker’ and ‘never’. Regarding the
amount of alcohol, 20 beverages/week
was used as the cut-off point to separate
the patients into two groups. This infor-
mation was extracted from the patient
electronic files. To facilitate understand-
ing of the characteristics and risk factors
of this disease, differences between youn-
ger and older patients with regard to sex,
sites and subsites, clinical stages, smok-
ing, and drinking were also analysed for
that period.
Statistical analysis

Trends in the incidence rates for the five
age groups were assessed using the annual
percentage change (APC) or average an-
nual percentage change (AAPC) and the
corresponding 95% confidence interval
(CI), with the Joinpoint Regression Anal-
ysis program (version 4.6.0.0; National
Cancer Institute, http://surveillance.
cancer.gov/joinpoint)18,19. This analysis
program selected the best-fitting log-linear
regression model to identify calendar
years (i.e. the join points) when APC
changed significantly, allowing for the
minimum number of join points necessary
to fit the data. Since these tumours are
relatively rare, separating the groups
according to sex led to ESR values of
zero, specifically in the youngest female
population aged 20–34 years. Therefore,
in this subgroup, an ESR of zero was
replaced with 0.01, representing the smal-
lest value in comparison with non-zero
ESR in the data being analysed.
To investigate differences in patient and

tumour characteristics by age category for
data from the years 2015–2018, the
Kruskal–Wallis test was used for continu-
ous variables (Kolmogorov–Smirnov test,
P < 0.05) and the Pearson x2 test or Fish-
er’s exact test with the Monte Carlo simu-
lation was used for categorical variables.
Measured data of continuous variables
were presented as the median value with
25th and 75th percentiles (allowing calcu-
lation of the interquartile range (IQR)),
and count data were presented as the
number (%). All statistical analyses were
performed using IBM SPSS Statistics ver-
sion 24 (IBM Corp., Armonk, NY, USA).

Results

Study population

Over the 29-year period, there were
18,963 cases of oral cavity SCC in the
Netherlands. The male-to-female ratio
was 1.3:1. Overall, 1.3% of patients were
aged 20–34 years and 4.8% were aged
35–44 years at the time of diagnosis.
Tongue (38.8%) and floor of the mouth
(28.6%) OSCC accounted for two-thirds
of all cases that occurred in the
Netherlands. The results also showed that
53.0% of the OSCC patients presented
with a localized stage disease (TNM
stages I and II) (Table 1).

Trends in incidence

Figure 1 shows a graphical representation
of the join point analysis by age and sex
of the OSCC trends (detailed data are

http://surveillance.cancer.gov/joinpoint
http://surveillance.cancer.gov/joinpoint
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Table 1. General characteristics of 18,963 patients with oral squamous cell carcinoma diagnosed in 1989–2018, by age group.

Variables Total
Age groups (years)

20–34 35–44 45–59 60–74 �75

Total, n (row %) 18,963 (100) 241 (1.3) 912 (4.8) 5690 (30.0) 7792 (41.1) 4328 (22.8)
Sex, n (column %)
Male 10,848 (57.2) 145 (60.2) 587 (64.4) 3617 (63.6) 4753 (61.0) 1746 (40.3)
Female 8115 (42.8) 96 (39.8) 325 (35.6) 2073 (36.4) 3039 (39.0) 2582 (59.7)

Anatomical sites, n (column %)
Tongue [C02.0–C2.3; C02.8–9] 7356 (38.8) 193 (80.1) 498 (54.6) 2186 (38.4) 2887 (37.1) 1592 (36.8)
Gum [C03] 2672 (14.1) 17 (7.1) 80 (8.8) 562 (9.9) 1027 (13.2) 986 (22.8)
Floor of the mouth [C04] 5430 (28.6) 9 (3.7) 227 (24.9) 2064 (36.3) 2436 (31.3) 694 (16.0)
Others/NOSa [C00.3–C00.9; C05.0,

C05.8–9; C06]
3505 (18.5) 22 (9.1) 107 (11.7) 878 (15.4) 1442 (18.5) 1056 (24.4)

Clinical stage, n (column %)
Local disease (stage I and II) 10,047 (53.0) 159 (66.0) 536 (58.8) 3047 (53.6) 4152 (53.3) 2153 (49.7)
Advanced disease (stage III and IV) 8070 (42.5) 68 (28.2) 330 (36.2) 2414 (42.4) 3331 (42.7) 1927 (44.5)
Unknown 846 (4.5) 14 (5.8) 46 (5.0) 229 (4.0) 309 (4.0) 248 (5.7)
a Not otherwise specified.

Fig. 1. Join point regression analysis showing the trend in incidence of oral squamous cell carcinoma, 1989–2018. (A) Overall incidence trend for
all groups combined. (B) Overall incidence trends by sex. ESR: European age-standardized rate per 100,000 person-years. ^ indicates that the
annual percentage change (APC) is significantly different from zero at the alpha = 0.05 level.
provided in Supplementary Material Ta-
ble S1). The results showed that the AAPC
of OSCC in the Netherlands increased at a
very modest rate (AAPC 0.7%, 95% CI
0.2–1.2%). The overall APC increased
significantly from 1989 to 2010 by
1.3% (95% CI 0.9–1.7%) per year and
showed a small decline from 2010 to
2018 (APC �0.9%, 95% CI �2.5% to
0.7%) (Fig. 1A).

Trends by age at diagnosis

When age-specific trends were explored,
linear increases in age-standardized rate
during the study period were most
pronounced in the age groups of 20–
34, 60–74, and �75 years (Supplemen-
tary Material Table S1). Across these
subgroups, the greatest increases were
observed among individuals aged 20–34
years (APC 2.4%, 95% CI 1.2–3.8%)
and those aged 60–74 years (APC
1.8%, 95% CI 1.5–2.1%). In the 45–59
years age group, the incidence rate
levelled off at APC of 0.2% (95% CI
�0.9% to 1.3%). Among individuals
aged 35–44 years, a non-statistically
significant decrease in incidence rate
was observed (APC �0.9%, 95% CI
�1.7% to 0.0%), ranging from 1.5 per
100,000 in 1989 to 1.1 per 100,000 in
2018.

Trends by sex

A clear difference in the incidence trends
according to sex was observed during the
total period, with a significant APC in-
crease of 1.6% (95% CI 1.2–1.9%) in
females and a stable trend in males with
an AAPC of 0.1% (95% CI �0.6% to
0.7%) (Fig. 1B). For the age group of
20–34 years, join point regression analysis
showed a steeper increase over time with
an AAPC of 3.0% (95% CI 0.8–5.3%) in
males and an upward but non-significant
trend among females (Fig. 2A). Trends
towards an increase were observed in all
age subgroups except those aged 35–44
years: there the annual rate of incidence
declined similarly for males and females
(AAPC of �0.9%, 95% CI �2.0% to 0.2%
and �0.8%, 95% CI �2.2% to 0.6%,
respectively), although this was non-sig-
nificant (Fig. 2B). In males aged 45–59
years, distinct and significant trends were
noted for different time periods, starting
with a steep increase (1989–1993: APC of
9.9%, 95% CI 2.8–17.6%), followed by a
period with a modest decline (1993–2010:
APC of �0.5%, 95% CI �1.4% to 0.3%)
and finally a strong decline (2010–2018:
APC of �4.7%, 95% CI �6.9% to �2.5%)
(Fig. 3A). Females aged 45–59 years also
showed an initial rise in the incidence
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Fig. 2. (A) Join point regression model for age group 20–34 years. (B) Join point regression model for age group 35–44 years. ESR: European age-
standardized rate per 100,000 person-years. ^ indicates that the annual percentage change (APC) is significantly different from zero at the
alpha = 0.05 level.

Fig. 3. (A) Join point regression model for age group 45–59 years. (B) Join point regression model for age group 60–74 years. ESR: European age-
standardized rate per 100,000 person-years. ^ indicates that the annual percentage change (APC) is significantly different from zero at the
alpha = 0.05 level.

Fig. 4. Join point regression model for age group �75 years. ESR: European age-standardized
rate per 100,000 person-years. ^ indicates that the annual percentage change (APC) is
significantly different from zero at the alpha = 0.05 level.
(1989–1999: APC of 4.5%, 95% CI 0.9–
8.2%), followed by a decline (1999–2018:
APC of �1.4%, 95% CI �2.7% to
�0.1%). The increase in those aged �60
years was stronger in females than males,
particularly for females younger than 75
years in the entire period (1989–2018)
(Fig. 3B, Fig. 4).

Mobile tongue is the most commonly

affected site

The most common OSCC site in all age
groups was the mobile tongue (42.5%,
P < 0.001), ranging from 88.6% in
patients less than 35 years old to 37.9%
in patients aged �75 years (Table 2).
Differences according to sex were
noted particularly among patients under
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Table 2. Characteristics of oral squamous cell carcinoma patients and differences in individual risk factors according to age group, for the years
2015–2018.

Variables All ages
Age groups (years)

P-value
20–34 35–44 45–59 60–74 �75

Total, n (row %) 3351 (100) 35 (1.0) 96 (2.9) 724 (21.6) 1591 (47.5) 905 (27.0)
Sex, n (column %) <0.001*
Male 1817 (54.2) 21 (60) 60 (62.5) 430 (59.4) 921 (57.9) 385 (42.5)
Female 1534 (45.8) 14 (40) 36 (37.5) 294 (40.6) 670 (42.1) 520 (57.5)

Anatomical sites, n (column %) <0.001**
Mobile tongue 1425 (42.5) 31 (88.6) 68 (70.8) 348 (48.1) 635 (39.9) 343 (37.9)
Gum 567 (16.9) 1 (2.9) 8 (8.3) 77 (10.6) 240 (15.1) 241 (26.6)
Floor of the mouth 712 (21.2) 0 (0) 7 (7.3) 182 (25.1) 415 (26.1) 108 (11.9)
Others/NOSa 647 (19.3) 3 (8.6) 13 (13.5) 117 (16.2) 301 (18.9) 213 (23.5)

Clinical stage, n (column %) 0.002*
Local (stage I and II) 1817 (54.2) 21 (60) 65 (67.7) 427 (59.0) 860 (54.1) 444 (49.1)
Advanced (stage III and IV) 1470 (43.9) 13 (37.1) 30 (31.3) 286 (39.5) 702 (44.1) 439 (48.5)
Unknown 64 (1.9) 1 (2.9) 1 (1.0) 11 (1.5) 29 (1.8) 22 (2.4)

Smoking status, n (column %) <0.001*
Current or past 2227 (66.5) 15 (42.9) 56 (58.3) 525 (72.5) 1190 (74.8) 441 (48.7)
Never 432 (12.9) 7 (20) 16 (16.7) 81 (11.2) 137 (8.6) 191 (21.1)
Unknown 692 (20.6) 13 (37.1) 24 (25) 118 (16.3) 264 (16.6) 273 (30.2)

Pack-years among current/past smokers,
n (column %)

<0.001**

1–20 pack-year 300 (13.5) 11 (73.3) 19 (33.9) 85 (16.2) 139 (11.7) 46 (10.4)
�21 pack-year 914 (41.0) 0 (0) 11 (19.6) 223 (42.5) 522 (43.9) 158 (35.8)
Unknown 1013 (45.5) 4 (26.7) 26 (46.4) 217 (41.3) 529 (44.4) 237 (53.7)
Median (P25–P75)b 37 (21–50) 4 (2–10) 20 (12–25) 32 (20–40) 40 (25–50) 37.5 (23–55.5) <0.001***

Alcohol status, n (column %) <0.001**
Current or past 2189 (65.3) 21 (60) 62 (64.6) 501 (69.2) 1155 (72.6) 450 (49.7)
Never 146 (4.4) 2 (5.7) 3 (3.1) 30 (4.1) 44 (2.7) 67 (7.4)
Unknown 1016 (30.3) 12 (34.3) 31 (32.3) 193 (26.7) 392 (24.6) 388 (42.9)

Number of alcoholic beverages per week
for current/past drinker, n (column %)

<0.001**

>0–20 1057 (48.3) 16 (76.2) 29 (46.8) 210 (41.9) 518 (44.8) 284 (63.1)
�21 733 (33.5) 2 (9.5) 14 (22.6) 193 (38.5) 445 (38.5) 79 (17.6)
Unknown 399 (18.2) 3 (14.3) 19 (30.6) 98 (19.6) 192 (16.6) 87 (19.3)
Median (P25–P75)b 14 (6–28) 3 (2–14) 10 (2–28) 18 (7–42) 14 (7–28) 7 (2–14) <0.001***
*x2 test.
** Fisher’s exact test.
*** Kruskal–Wallis test; P < 0.05 is statistically significant.
a Not otherwise specified.
bMedian with interquartile range (25th percentile–75th percentile).

Fig. 5. Percentage of patients who were current/past tobacco and/or alcohol users across the
different age groups (N: never).
45 years of age. Among those younger
than 35 years old, 86% of females and
91% of males were diagnosed with mobile
tongue carcinoma, whilst in those aged
35–44 years, females were more frequent-
ly affected with tongue carcinoma (78%)
than males (67%) (data not shown).

Risk factors

Overall, the study revealed that 66.5% of
the patients with OSCC were current/past
tobacco smokers and 65.3% were current/
past alcohol drinkers; 55% reported both
(Table 2). Of the patients aged 20–34
years, 71% were current/past tobacco
and/or current/past alcohol users. Similar
patterns were observed for the other age
groups (Fig. 5). Among the elderly group,
the majority of the patients in the age
group 60–74 years had a background of
heavy smoking; this group had the highest
pack-years, with a median of 40 pack-
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years (IQR 25–50 pack-years; P < 0.001).
It is also apparent from Table 2 that the
group with the highest level of present/
past alcohol consumption was patients
aged 45–59 years (median 18, IQR 7–42
alcoholic beverages per week).

Discussion

The key finding in this study was a signif-
icant increase in the annual incidence of
OSCC in the group of patients aged 20–34
years, and a decline in the age group
35–44 years. This finding differs from
previous publications, which have con-
cluded an overall downward or stable
trend in young Dutch patients15,16. This
is mainly because the prior studies collec-
tively categorized young adults into one
cohort aged less than 45 years. When this
definition was applied in the present study,
the findings were in accordance with those
previous reports (APC �0.1%). This
shows that the estimation of incidence
rates may be quite sensitive to grouping
during analysis, and reveals that the sub-
classification of the young age group into
two cohorts in this study was rather pow-
erful and allowed an important trend in the
youngest 20–34 years group to be
revealed, which would otherwise have
been masked by the much larger number
of patients in the 35–44 years subgroup.
The increasing incidence in the youngest
age group, which was only statistically
significant in males, seems to be consistent
with other studies from various regions of
the world, although age subgroup classi-
fications have differed slightly. In the
USA, Chen et al.20 reported a nearly
four-fold increase in OSCC incidence in
males aged 30–39 years between the
1960s and the mid-1980s. A study from
Ahmedabad, India, covering the years
1985 to 2010, also showed an increase
in oral cancer incidence in males21. The
largest increase of more than 30 times was
recorded in the youngest age group (males
<35 years old)21. Data from Taiwan
showed a progressive increase in oral
cancer in males aged 30–39 years, but
not in those aged 20–29 years22. A Ger-
man analysis over a 20-year period
revealed a significant increase in OSCC
incidence among patients aged 30–39
years, with a male-to-female ratio of
3.8:123.
There is general agreement that the

mobile tongue is the most common site
for OSCC in young adults24. This matches
the findings of the present study: 88.6% of
patients aged 20–34 years and 70.8% of
those aged 35–44 years old, but less than
50% in each of the older age groups had
cancer in this region. Previous studies
found that white females younger than
45 years were more commonly affected
with mobile tongue carcinoma than
males4,5. This was confirmed in the cur-
rent study population aged 35–44 years,
but not in those under 35 years of age. A
direct comparison between the present
study results and those in the published
reports with the aim of confirming whether
there is a specific age and sex–subsite
association is difficult given the differ-
ence in grouping intervals. Further, it
was observed that the proportionate
share of mobile tongue cancer became
less with increasing age, reaching the
lowest percentage in patients older than
75 years. However, this is also a reflec-
tion of the increasing number of tumours
at other sites, since the number of tongue
cancers in those �75 years was still quite
high: 21.6% (n = 1592) of all reported
tongue cancers compared with 9.4%
(n = 691) in those 20–44 years old. The
increasing incidence of OSCC in young
adults makes it paramount for dentists
and general practitioners to consider
tongue SCC in this age group as is
now done for the adult and elderly popu-
lations, and necessitates prompt referral
in the case of suspicion of a non-healing
ulcerative and indurated lesion of the
tongue to improve the possibility of ear-
ly detection.
Of note, the mobile tongue has been

reported as the most prevalent affected
site with SCC in the non-smoker, non-
drinker young population, especially in
females25,26. A recent study subjected
samples of tongue SCC from young and
old patients to whole-exome sequencing
and copy-number analysis27. The study
revealed similar genetic mutations in both
groups irrespective of smoking status27.
Additionally, the robust mutation signa-
tures of smoking that were reported with
lung and laryngeal carcinoma were not
observed. Therefore, smoking has been
suggested as a promotor of tongue carci-
noma, rather than a direct causative
factor27. This could be the case for our
young samples that showed high percen-
tages of tobacco and alcohol users, in which
these risk factors may act as a promotor
while other unknown factor(s) play a role in
the exclusive presentation of SCC in the
mobile tongue in this cohort of patients. It is
also possible that less exposure time to
tobacco/alcohol allows moremobile tongue
carcinoma, and less smoking-related sites.
As a matter of fact, although the present
study does not prove any causal age and site
associations since risk factor data were only
available for a short time frame (4 years), it
represents an important step towards in-
creasing awareness.
This study showed an enigmatic change

in trend pattern of OSCC among males
aged 45–59 years: the incidence rate in-
creased steeply from 1989 to 1993, then
declined slowly during 1993–2010 and
dropped from 2010 to 2018. In fact, the
overall reduction in OSCC annual inci-
dence in the Netherlands by �0.9% after
2010 appears solely attributable to the
overall annual incidence in the male
patients (2010–2018: APC = �1.8%),
which in turn is largely accounted
for by the trend in males aged 45–59 years.
So far, published data from the
Netherlands have shown only the overall
APC for this age group during the period
of interest, if any. With the use of the join
point regression model, the present study
showed further details and revealed a sig-
nificant decrease in the annual incidence
in recent calendar years. It is well docu-
mented that people in their 50 s are at
greater risk of developing OSCC, but
why this particular group shows such a
pattern is not clear28. Some may assume
this to be a depiction of the decline in
smoking prevalence in the Netherlands;
however, since the consumption of cigar-
ettes and other tobacco products has de-
creased (from 35% in 1995 to 23% in
2014) quite equally in all age groups, this
seems an unlikely explanation29–31. It is
postulated that one possible reason under-
lying this finding could be the better
awareness and higher alertness level
among patients and dentists, which may
have enhanced opportunities for early de-
tection and treatment at pre-cancer stages.
Based on solid observational studies

performed since the 1970s, tobacco smok-
ing and alcohol drinking have been iden-
tified as major risk factors for OSCC, with
a well-defined dose–response relation-
ship32,33. Despite the still inconsistent ev-
idence regarding the independent causal
association between these factors and
OSCC, evidence for the carcinogenic ef-
fect of heavy drinking has been considered
sufficient, regardless of smoking status34.
One study found that the association be-
tween ever smoking and the risk of head
and neck cancer among females (odd ratio
(OR) 2.33, 95% CI 1.56–3.49) was stron-
ger than that among males (OR 1.65, 95%
CI 1.14–2.39), while meta-analyses have
found that the effects of smoking are more
profound on larynx and pharynx cancer
than on oral cavity cancer35–37. Although
it is generally suggested that at least 21
years of exposure to a high dose of tobacco
and alcohol is required to cause malignant
transformation, others have shown that the



24 Al-Jamaei et al.
risk increases monotonically with the level
of exposure, rather than the duration or the
age when the habit began8,38–40. Intrigu-
ingly, it has been reported that the inter-
action between smoking and drinking
significantly increases the risk of cancer
by five-fold in a synergic fashion, even
with a moderate consumption level41. In
this study, a 2–4-fold increase in risk of
OSCC with ever smoking or drinking only
was noted, while a 13-fold increase in risk
was found with simulations of exposure to
both habits.
How do these findings relate to the

results? For the youngest patient group
aged 20–34 years, it can be questioned
whether the occurrence of OSCC is spo-
radic or hereditary42. The study data dem-
onstrated that more than half of the
patients within this stratum had a back-
ground of tobacco and alcohol co-use,
although the total exposure time was lim-
ited. Although data are still conflicting
about the aetiology of OSCC in young
patients, this study appears to support
the assumption that these traditional risk
factors play an essential role in oral car-
cinogenesis in the young groups as they do
in the elderly ones. It has been suggested
that smoking and alcohol consumption at a
very young age play a crucial role in the
development of oral malignancy12,39,43.
Early life exposure to environmental car-
cinogenic factors has been shown to in-
crease susceptibility to cancer formation,
inflicting a high rate of cell proliferation
and incompetent DNA repair in the young
individual44,45. Nonetheless, it is highly
unlikely that the patients in the youngest
age group will be exposed for at least 21
years to one or both risk factors, the time
frame considered to be required for devel-
oping malignancies. Some publications
have suggested a causal link between
the observed trend and HPV infection,
especially because this age group is known
to be sexually active. In Brazil, 32% of
young patients with OSCC were found to
be HPV-positive46. The frequency of HPV
in OSCC has been assessed in the
Netherlands in a study in which the pres-
ence of HPV16 infection in 31 young
patients was compared with that in two
independent cohorts of older patients9.
Biologically active HPV16 was only
detected in one sample (3.2%) in the
young patients, indicating a lack of evi-
dence on the direct oncogenic role of HPV
during oral carcinogenesis in this cohort9.
Hence, HPV testing is not routinely
recommended for Dutch OSCC patients.
Other studies have investigated the asso-
ciation between familial history of cancer
and OSCC, but the results have been
inconclusive47,48. All of these controver-
sies have led some authors to conclude
that the aetiology of OSCC in the young
group of patients is most likely multifac-
torial49,50. Together, these data suggest
that the young patient groups are either
more susceptible to the classic risk factors
and/or other factors may play a role
as well.
The current study found that the overall

annual incidence showed a marked in-
crease in females in the adult and elderly
age groups when compared to males, par-
ticularly in patients older than 60 years.
Possible contributing causes may be that
22% of Dutch females have been reported
to be heavy drinkers compared to 14% of
males (especially those older than 55
years)51, that Dutch females smoke almost
as much as Dutch males52, and finally that
the odds ratio for the development of head
and neck cancer is apparently higher for
females than for males35. These findings,
combined with a longer life-expectancy
for females, may explain the increased
APC values for females when compared
to males in the elderly population.
This novel and large study has de-

scribed the trends in age- and sex-specific
incidence rates for OSCC in the
Netherlands using the join point regres-
sion program, with the goal of highlight-
ing details for those patients younger than
45 years. The study provides an in-depth
update of the trends in Dutch OSCC inci-
dence based on the most recent data, and
the relevance of the well-known risk fac-
tors for OSCC were evaluated at a popu-
lation level, which allowed additional
differences between age groups to be ex-
plored. The findings should be understood
in the context of some limitations. Firstly,
the risk factor analysis was based on the
available data for only 4 years, and con-
sequently these findings cannot be related
to changes in incidence rates over time.
Secondly, because lifestyle habits were
only available at the time of diagnosis
of the tumour, nothing can be said about
the causal link; this was just to illustrate
the differences by age group. Finally, there
was some missing information regarding
smoking and alcohol drinking. The find-
ings with regard to these factors should
thus be regarded as a first indication only.
In summary, patients aged 20–34 years

appear to be a distinct group when com-
pared to those aged 35–44 years, as the
incidence rate of OSCC increased in the
20–34 years group, but decreased in those
aged 35–44 years. This may suggest fo-
cusing on other avenues of research into
carcinogenesis, such as potential genetic
differences between these two young age
group strata. Such research may help in
gaining a greater understanding and
delineation of the risk factors, and
consequently may guide diverse OSCC
prevention plans. The estimated overall
incidence rate showed an increase in
females when compared to males, in par-
ticular in the older females, which could
be explained at least in part by behavioural
factors and longevity. Finally, the cessa-
tion of risk habits remains an important
factor to reduce the burden of oral cancer.
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