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ABSTRACT

Background and purpose: Rural-urban differences in head and neck cancer (HNC) incidence remain
understudied, especially in Europe. Changes over time in risk factors, such as smoking and human papillo-
mavirus status, may be reflected in alterations of HNC incidence by subsite, educational level, and urbanity.
Material and methods: Incidence rate ratios (IRR) — adjusted for age, calendar period, educational and
urbanization level, and region — and age-standardized HNC incidence per 100,000 person-years were esti-
mated by sex, subsite, levels of education and urbanization over 5-year periods from 1977 to 2021. We
estimated the average annual percent change in incidence and IRRs between levels of urbanization and
education using Poisson regression.

Results: A lower incidence of oral cavity (IRR 0.82, 95% confidence interval [Cl]: 0.73-0.93 for 2007-2021),
oropharyngeal (0.75, 0.65-0.87), and nasopharyngeal cancer (0.43, 0.25-0.75) was noted among rural
men when compared with urban men. Semi-urban men also showed lower incidences than urban men.
Similarly, a lower incidence of oropharyngeal cancer (OPC) was observed among rural (IRR 0.62, 95% ClI:
0.47-0.80) and semi-urban women (0.79, 0.63-0.99). Additionally, our study indicates that the rates of OPC
and oral cavity cancer are increasing across all educational and urbanization levels. The rise in OPC is par-
ticularly notable since 1997-2001, especially among urban populations, in both men and women.
Interpretation: While a higher prevalence of risk factors among urban populations may explain the differ-
ences noted across the different urbanization levels, the reasons for the increasing trends across all strata
remain unclear.
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Introduction

Most head and neck cancers (HNCs) can be attributed to well-
known risk factors, such as tobacco and alcohol consumption
[1]. Furthermore, human papillomavirus (HPV) — most com-
monly transmitted through sexual activities - is implicated in
the onset of certain HNCs, particularly oropharyngeal cancer
(OPQ) [2], with several countries having witnessed a shift in the
ratio of HPV-positive/HPV-negative OPCs (HPV* OPC / HPV- OPC)
over the last decades [3, 4. In Europe, HPV infection has been
reported to be more frequent in urban populations than in rural
areas [5, 6]. Moreover, higher socioeconomic status, usually
linked to higher educational attainment, has been associated
with an increased incidence of HPV* OPC [7], suggestive of
higher rates of HPV* OPC among urban populations, where
higher educational attainment is typically more prevalent [8].
However, while higher education is associated with greater

HPV-related OPC risk, lower educational attainment remains a
risk factor for overall HNC incidence [9].

Numerous studies have reported rural-urban differences in
cancer incidence rate[10-15]. However, one major caveat is that
many have focused primarily on cancer mortality, which
complicates interpretation. While differences in mortality
between urban and rural populations may arise from variations
in cancer incidence, healthcare access and disease stage at
diagnosis may affect survival rates and bias the incidence
estimates. Additionally, the prevalence of risk factors often
varies across socioeconomic groups. Differences in cancer rates
between rural and urban populations may simply reflect
socioeconomic differences, which many studies did not account
for.

Rural-urban differences in HNC incidence rates remain
understudied, especially in Europe, and have not yet been
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investigated in Finland. Moreover, changes over time in risk
factors, such as smoking prevalence, are likely reflected in HNC
incidence, including variations by cancer subsite, educational
level, and rural-urban regions. Notably, in the context of HPV-
related HNCs, a demographic shift in OPC incidence may be
observed. This is due to the majority of OPC cases in Finland and
other Western countries being increasingly related to HPV,
which tends to affect different population groups compared to
traditional risk factors like smoking and alcohol use [16]. Our
register-based cohort study aims to evaluate subsite-specific
differences and trends in nationwide HNC incidence rates
between rural and urban areas and across educational levels in
Finland.

Materials and methods

This study combines data from the Finnish Cancer Registry
(FCR), the Digital and Population Data Service Agency’s
Population Information System, and Statistics Finland. The FCR
includes all new primary cancers diagnosed in Finland since
1953 with complete follow-up data until death or emigration.
The linkage of these data was done using Finland’s unique per-
sonal identity codes.

Study population

Data on all patients with HNC aged 25 years or over at diagnosis
- as higher educational attainment is typically not completed
before this age — were obtained from the FCR and linked with
the Population Information System, which includes data on indi-
viduals'birth and death dates, sex, and residential address. Only
the first primary HNC diagnosed for each individual was
included. Patients’ residence was determined based on the
home municipality at the start of the calendar year of cancer
diagnosis. We assessed HNC incidence in relation to educational
attainment level - primary, secondary, and higher - based on
individual-level information from Statistics Finland, and in rela-
tion to the urbanization level of municipalities — categorized as
rural, semi-urban, or urban - based on the proportion of people
living in urban settlements and the population of the largest
urban settlement (https://stat.fi/en/luokitukset/kuntaryhmi-
tys/). Individuals whose degrees were completed abroad or
were unknown are classified under the primary education cate-
gory. Regions were defined based on the five collaborative areas
for healthcare and social welfare of Finland: Southern, Western,
Inland, Northern, and Eastern (https://stat.fi/en/luokitukset/
yhteistyoalue/yhteistyoalue_1_20240101). No data were miss-
ing for any of the included variables.

Cancer data

HNCs were defined as malignant neoplasms of any histology of
the lip (ICD-0O-3: C00.0-C00.9), oropharynx (C01.9, C02.4, C05.1,
C05.2, C09.0-C10.0, C10.2-C10.9), oral cavity (C02.0-C02.3,

C02.8-C05.0, C05.8-C06.9), salivary glands (C07-C08.9), pharynx
(C11.0-C14.8), nasal cavity and middle ear (C30.0, C30.1), para-
nasal sinuses (C31.0-C31.9), and larynx and epiglottis (C10.1,
(C32.0-C32.9). Of note, cancers of the inner lip (C00.3, C00.4,
C00.5) were also classified as lip cancer due to previous coding
systems and classification criteria. We limited our study to can-
cers diagnosed from January 1%, 1977 to December 31, 2021.

Statistical analyses

We calculated age-standardized (Finland 2014) HNC incidence
per 100,000 person-years by sex and subsite within the Finnish
population aged 25 years and older in 5-year periods from
1977-1982 to 2017-2021. The incidence rates were stratified by
educational level and urbanization level. Details of the Finnish
population are given in Table 1. Cancer incidence was modeled
using Poisson regression to assess trends in incidence over time
and to compare incidence across the levels of urbanization and
education. The model included the main effects of age (5-year
groups from 25-29 to 80-84 years and 85 years and older), cal-
endar year (log-linear), region (Southern, Western, Inland,
Northern, and Eastern Finland), urbanization level (urban,
semi-urban, rural), and educational level (primary, secondary,
higher). We estimated the average annual percentage change
(APC) in incidence across educational and urbanization levels
and used the Davies’ test to detect if a statistically significant
change occurred in the APC. Changes in incidence rates are pre-
sented as absolute changes (cases per 100,000) unless other-
wise specified,and APCs represent relative changes. Additionally,
we estimated adjusted incidence rate ratios (IRRs) for the levels
of urbanization and education in periods 1977-2021 and 2007-
2021, separately. Heterogeneity in the IRRs was assessed using
the likelihood ratio test.

Analytical assumptions

We assumed that educational and urbanization levels may,
independently and jointly, influence the incidence of HNC. In
our models, we adjusted for age, calendar year, education,
urbanization, and region to estimate the independent associa-
tion of each exposure with HNC incidence. When the educa-
tional level was the exposure, we adjusted for urbanization and
region to account for area-level contextual factors - such as
environmental exposures, access to healthcare, and regional
variation in risk behaviors — that might confound the education-
HNC incidence association. Thus, we estimate the associa-
tions of education with HNC incidence among people living in
similar types of areas (urban, semi-urban, rural). Conversely,
when urbanization was the exposure, we adjusted for educa-
tional level and region to separate the influence of socioeco-
nomic status from urbanization - that is, what is the difference
in incidence between urban and rural areas, if education were
held constant? We acknowledge, however, that the relation-
ships among education, urbanization, and region are complex
and potentially bidirectional. For example, early-life urbanicity


https://stat.fi/en/luokitukset/kuntaryhmitys/
https://stat.fi/en/luokitukset/kuntaryhmitys/
https://stat.fi/en/luokitukset/yhteistyoalue/yhteistyoalue_1_20240101
https://stat.fi/en/luokitukset/yhteistyoalue/yhteistyoalue_1_20240101

Table 1. Characteristics of the study population in Finland by education and urbanization level, stratified by sex, age group, calendar period and region.
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may shape educational opportunities, but educational attain-
ment may also influence residential choices. In such cases,
adjusting for potential mediators (education when estimating
urbanization effects or urbanization when estimating educa-
tional effects) may underestimate the total effect. We included
regions as an adjustment variable to account for potential geo-
graphical variation in healthcare access, diagnostic practices,
environmental exposures, and risk factor prevalence that are
not fully captured by the urbanization classification alone. Our
adjusted models therefore estimate the independent associa-
tions of educational level and urbanization, while our incidence
rates (Figures 1-4) adjusted for age only, reflect total differences
across strata.

Analyses were done separately by sex and subsite (excl.
middle ear due to the small number of cases) and were
conducted using the statistical program R version 4.3.2, and
popEpi package version 0.4.11. Research permission for the
study was granted by Statistics Finland  (Permits
TK/2743/07.03.00/2023 and TK-53-675-17).

Results

In Finland, from 1977 to 2021, 28,794 new HNC cases were diag-
nosed: 19,355 (67%) in men and 9,439 (33%) in women
(Supplement table).

In the analysis of the entire study period (1977-2021) - after
adjusting for age, calendar year, region, and urbanization level -
differences in incidence were observed among men and women
between educational levels for all HNC subsites, except cancers
of the nasopharynx, salivary glands, and nose and paranasal
sinuses (Table 2). The IRRs for these cancers remained stable
throughout the study period, with men and women with higher

education consistently showing the lowest incidences (IRR <
1).

Among men, all educational levels experienced a decrease in
the incidence of lip and laryngeal cancers over time (Figure 1),
with the most pronounced decreases among those with primary
education: from 1977-1981 to 2017-2021, the incidence of lip
cancer dropped gradually from 17.05 to 2.09 per 10°, and
laryngeal cancer from 14.22 to 8.41 per 10°. The incidence of lip
cancer among men with primary education leveled off with that
of other educational levels.

The incidence of oral cavity cancer and OPC has been
progressively rising similarly among men across all educational
levels since 1997-2001. From 1977-1981 to 2017-2021, the
incidence of oral cavity cancer increased from 7.44 to 10.99 per
10° among men with primary education, from 5.29 to 10.13 per
10° among men with secondary education, and from 5.92 to
8.02 per 10° among men with higher education.

The incidence of OPC started to increase after 1997-2001
from 2.74 to 9.39 per 10° by 2017-2021 among men with
primary education (APC 7.0% from 1997 to 2021, 95% confidence
interval [Cl]: 5.9-8.0), from 2.56 to 7.41 per 10° among men with
secondary education (APC 4.6% from 1977 to 2021, 3.9-5.4), and
from 2.26 to 6.01 per 10° among men with higher education
(APC 4.7% from 1977 to 2021, 3.8-5.7) (Table 3).
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Figure 1. Age-standardized head and neck cancer incidence per
100,000 person-years among men in 5-year periods from 1977-1981
to 2017-2021 by cancer subsite and educational level.

Regarding hypopharyngeal cancer, men with primary and
secondary education showed a gradual increase in incidence
after 1997-2001.

As in men, while the incidence of lip cancer has gradually
decreased, the incidence of oral cavity and OPCs has
progressively risen among women across all educational groups
(Figure 2). From 1977-1981 to 2017-2021, oral cavity cancer
incidence increased from 3.07 to 8.07 per 10° among women
with primary education, from 2.47 to 7.28 per 10° among those
with secondary education, and from 3.22 to 5.50 per 10° among
those with higher education.

The incidence of OPC increased after 1997-2021, especially
among women with primary education, with an APC of 7.0%
(95% Cl: 5.9-8.0) between 1997 and 2021. Among women with
primary education, an increasing trend in the incidence of
hypopharyngeal (APC of 6.3% from 2004 to 2021, 95% Cl: 0.8
12.2) and laryngeal cancers was also seen (APC of 8.4% from
2012 to 2021, 1.0-16.5).
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Figure 2. Age-standardized head and neck cancer incidence per
100,000 person-years among women in 5-year periods from 1977-
1981 to 2017-2021 by cancer subsite and educational level.

In the analysis of the entire study period (1977-2021) - after
adjusting for age, calendar period, region, and educational level
— differences in incidences among men between urbanization
levels were observed for all cancer subsites, except for salivary
gland, sinonasal (tai nose and paranasal sinus) cancers (Table 4).
Men in semi-urban and rural areas, compared to urban men, had
lower incidences of oral cavity, oropharyngeal, nasopharyngeal,
and laryngeal cancers (IRR < 1) throughout the study period.
Women in semi-urban and rural areas had lower incidences of
OPC (IRR < 1) compared to urban women.

Lip cancer showed a gradual decrease in incidence across all
levels of urbanization (Figures 3 and 4). Initially, the highest
incidence was observed among rural men and women; however,
the difference has gradually diminished over time.

Conversely, oral cavity and OPC exhibited an increasing trend
in incidence across all urbanization levels among men and
women. Notably, the incidence of OPC increased after 1992-
1996, rising from 2.69 to 8.21 per 10° (2017-2021) among urban
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Figure 3. Age-standardized head and neck cancer incidence per 100,000 per
cancer subsite and urbanization level.

men, from 1.05 to 6.08 per 10° among semi-urban men, and
from 1.23 to 5.68 per 10° among rural men. 1987-1991. Since
1987-1991, urban men have consistently exhibited the highest
incidence rates, with the difference widening further after
2007-2011. OPC exhibited the highest APCs: 6.0% (95% Cl:
4.6-7.4) from 1989 to 2021 among rural men, 7.3% (5.6-9.1)
from 1995 to 2021 among semi-urban men, and 5.5% (4.7-6.2)
from 1997 to 2021 among urban men (Table 5). Similarly, among
women, between 1997-2001 and 2017-2021, the incidence of
OPC increased from 0.78 to 3.03 per 10° among urban women
(APC of 6.5% from 1990 to 2021, 95% Cl: 5.6-7.5), from 0.55 to
2.66 per 10° among semi-urban women (APC of 9.2% from 1990
to 2021, 6.0-12.6), and from 0.55 to 2.37 per 10° among rural
women (APC of 3.8% from 1977 to 2021, 2.3-5.3).

While the incidence of laryngeal cancer declined over time
across all urbanization levels among men, an increasing trend
was observed among urban women (APC of 1.1% from 1977 to
2021,0.3-1.9).

Discussion

Since 1977-1981, in Finland, the incidence of oral cavity and
OPCs has progressively risen among men and women of all edu-
cational and urbanization levels. The increase in OPC is particu-
larly evident after 1997-2001, with urban men and women
consistently showing the highest incidence, even after adjust-
ing for educational level, age, calendar period and region.

Hypopharynx

ACTA ONCOLOGICA 1045

Nose and paranasal sinuses

Salivary glands

Larynx

Urbanization level —e— Rural —e— Semi-urban —#— Urban

o
=

3.2

@0 = o @ o © b o
Ao+~ o - - o o o
- -

son-years among men in 5-year periods from 1977-1981 to 2017-2021 by

Additionally, men with primary and secondary education had
an increasing trend in hypopharyngeal cancer incidence.
Among women with primary education, hypopharyngeal and
laryngeal cancer incidences have increased from 2002 to 2006.
To the best of our knowledge, this is the first study assessing
rural-urban and educational differences in HNC incidence in the
Nordic countries.

In Finland, smoking prevalence among men gradually
decreased from 51% in 1972 to 20% in 2022, while among
women, it first rose from 11% in 1972 to 23% by 2002 before
decreasing to 14% in 2022[17, 18]. Among men, smoking rates
declined across all educational levels but remained consistently
higher among those with lower educational attainment
compared to those with higher education. Among women,
smoking rates increased among those with lower education
attainment until the early 2000s, followed by a gradual decline,
while smoking among highly educated women peaked in the
late 1980s and then gradually decreased [19]. Similarly, alcohol
consumption in the Finnish population tripled between 1960
and 2005, then gradually decreased. Historically, women have
consumed less alcohol than men, reflected in the lower
incidence rates of hypopharyngeal cancer among women.
However, in the last three decades, there has been a gender
convergence in drinking behaviors. Heavy use of alcohol has
been more common among men and women with lower
education levels than among those with higher education [20].
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Figure 4. Age-standardized head and neck cancer incidence per
100,000 person-years among women in 5-year periods from 1977-
1981 to 2017-2021 by cancer subsite and urbanization level.

Higherrates of smoking and alcohol use are likely contributors
to the elevated incidence of oral cavity, hypopharyngeal, and
laryngeal cancers among those with primary education.
Declining smoking parallels falling laryngeal cancer rates in men
across all educational and urbanization levels, while rising rates
among women with primary education since 2002-2006 may
reflect the rise in smoking among this group until the early
2000s and its long latency effect[19, 21]. The higher incidence of
laryngeal cancer among rural populations over the study period
(1977-2021) may also reflect historical smoking disparities,
which narrowed over time, as indicated by the disappearance of
urban-rural differences in laryngeal cancer incidence after 2007
[22]. Since 2002-2006, hypopharyngeal cancer incidence has
risen among men and women with primary education, likely
due to higher exposure to tobacco and alcohol [20, 23].

Higher total and heavy (more than once a month) alcohol
consumption in urban areas may partially explain the associated
higher incidence of oral cavity cancer [20, 23]. However, the
incidence has been increasing across all education and

urbanization levels despite the overall decreasing trends in
smoking and alcohol consumption, mirroring results from other
studies [24]. As oral cavity cancer is not strongly associated with
HPV, other factors — such as diet - may play a key role in the
increasing incidence [25]. A meta-analysis reported that a diet
rich in fruits and vegetables is associated with a reduced risk of
oral cavity cancer, whereas high consumption of processed
meat is associated with an increased risk [26, 27]. The rise in
ultra-processed food consumption in high-income countries
may thus contribute to the increased risk of oral cavity cancer
observed. Moreover, urbanization no longer is a strong risk
factor for unhealthy diets at the population level, as dietary
habits have become more uniform [22, 28]. This might explain
the observed increasing trends in oral cavity cancer incidence
irrespective of education and urbanization.

The incidence of OPC is increasing among both older and
younger men in several countries [29]. The proportion of HPV*
OPC has increased over time, with European cases rising from
40% before 2000 to 59% by 2000-2004 [30]. In Finland, a
significant increase in the frequency of p16-positive — a marker
for HPV infection — head and squamous cell carcinoma tumors
was observed in a hospital-based cohort of 135 patients, rising
from 22% in 1990-1999 to 41% during 2000-2007, with 85% of
the p16-positive tumors being oropharyngeal squamous cell
carcinomas[31]. In our study, the increase in OPC incidence was
most pronounced in urban men and women. This contrasts with
U.S. data, where HPV-related cancer incidence has grown mainly
in rural areas [10]. While air pollution, specifically PM2.5, has
been linked to oral and pharyngeal cancer risk in the U.S. [32],
pollutant levels have declined in Helsinki since 1994, making it
an unlikely driver in Finland [33]. Recently administered
prophylactic HPV vaccines for early adolescent boys and girls
are expected to progressively decrease the incidence of HPV*
OPC[34].

The decline in lip cancer incidence in Finland mirrors similar
trends observed in other countries and is likely due to the
increased awareness of ultraviolet radiation, the use of sunscreen
and protective clothing, and enhanced equipment (such as
tractor cabins) in the work field [24]. Additionally, the decrease
in smoking prevalence has also most likely contributed to the
declining incidence trend, as smoking is a known risk factor for
lip cancer [17, 35]. Higher incidence among rural men may
reflect greater sun exposure from outdoor occupations, while
women'’s use of sunscreen and lip cosmetics may contribute to
their lower rates [36]. While initially rural and semi-urban men
had higher lip cancer incidence rates compared with urban
men, these rates have since converged.

Beyond individual-level risk factors, several contextual
changes may also affect incidence trends. First, advances in
diagnostic techniques over the recent decades may have
elevated cancer detection rates. Previously non-symptomatic
indolent tumors may nowadays be overdiagnosed, as has been
reported for example for breast cancer [37]. Secondly,
misclassification and changes in cancer classification and coding
systems can also influence incidence rates, particularly for
cancer subsites with overlapping anatomical definitions, such as



ACTA ONCOLOGICA 1047

Table 2. Age-standardized incidence rates (ASIR) per 100,000 person-years and incidence rate ratios (IRR) with 95% confidence intervals (95% Cl) for head
and neck cancer subsites in Finland (for the latest 15-year period 2007-2021 and the whole study period 1977-2021) by educational level (reference level:
primary education), adjusted for age, calendar period, urbanization level, and region.

2007-2021 1977-2021
ASIR IRR and 95% ClI p ASIR IRR and 95% Cl p

Men
Lip

Primary education 3.56 9.62

Secondary education 2.66 0.79 (0.65, 0.95) 3.97 0.66 (0.59,0.73)

Higher education 1.44 0.48 (0.38,0.61) <0.001 2.36 0.41 (0.36,0.47) <0.001
Oral cavity

Primary education 9.44 6.56

Secondary education 8.93 0.96 (0.87,1.06) 7.82 0.96 (0.89, 1.04)

Higher education 7.66 0.74 (0.67,0.83) <0.001 7.08 0.78 (0.72,0.85) <0.001
Oropharynx

Primary education 7.28 3.58

Secondary education 6.63 0.85 (0.76, 0.96) 522 0.89 (0.81,0.98)

Higher education 5.57 0.69 (0.61,0.78) <0.001 4.07 0.69 (0.62,0.77) <0.001
Nasopharynx

Primary education 0.60 0.63

Secondary education 0.60 1.07 (0.73,1.58) 0.70 1.13 (0.88, 1.44)

Higher education 0.49 0.77 (0.50, 1.20) 0.270 0.50 0.81 (0.61,1.07) 0.067
Hypopharynx

Primary education 2.20 1.73

Secondary education 1.84 0.88 (0.71, 1.08) 1.71 0.89 (0.76, 1.05)

Higher education 1.04 0.44 (0.33,0.57) <0.001 1.07 0.50 (0.41,0.61) <0.001
Salivary glands

Primary education 1.76 1.87

Secondary education 217 1.15 (0.93,1.43) 2.1 1.12 (0.97,1.31)

Higher education 2.10 1.13 (0.90, 1.41) 0.401 2.28 1.22 (1.05,1.42) 0.035
Nose and paranasal
sinuses

Primary education 1.80 1.69

Secondary education 1.78 0.93 (0.73,1.17) 1.63 0.89 (0.75, 1.05)

Higher education 1.15 0.60 (0.46, 0.80) 0.001 1.09 0.60 (0.49,0.73) <0.001
Larynx

Primary education 8.93 10.41

Secondary education 5.76 0.68 (0.61,0.76) 6.74 0.74 (0.68, 0.79)

Higher education 3.51 0.36 (0.31,0.42) <0.001 4.58 0.43 (0.39,0.47) <0.001
Women
Lip

Primary education 1.25 1.96

Secondary education 1.03 0.90 (0.70, 1.16) 1.42 0.88 (0.76, 1.04)

Higher education 0.79 0.65 (0.46, 0.90) 0.026 1.05 0.71 (0.58,0.88) 0.005
Oral cavity

Primary education 7.24 4.66

Secondary education 6.37 0.94 (0.85, 1.05) 5.36 0.93 (0.86, 1.02)

Higher education 5.78 0.78 (0.69, 0.89) <0.001 533 0.84 (0.76,0.92) 0.001
Oropharynx

Primary education 2.88 1.18

Secondary education 2.10 0.69 (0.57,0.84) 1.49 0.73 (0.62, 0.86)

Higher education 1.92 0.57 (0.47,0.71) 0.001 1.58 0.66 (0.56,0.79) <0.001
Nasopharynx

Primary education 0.26 0.30

Secondary education 0.28 1.22 (0.66, 2.26) 0.29 1.10 (0.78, 1.55)

Higher education 0.15 0.70 (0.34, 1.43) 0.197 0.24 0.97 (0.66, 1.44) 0.770
Hypopharynx

Primary education 0.48 0.43

Secondary education 0.26 0.59 (0.36,0.99) 0.31 0.85 (0.61,1.18)

(Continued)
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Table 2. (continued).

2007-2021 1977-2021
ASIR IRR and 95% ClI p ASIR IRR and 95% Cl p

Salivary glands

Primary education 1.43 1.40

Secondary education 136 0.92 (0.73,1.17) 1.37 0.94 (0.81,1.11)

Higher education 1.71 1.15 (0.90, 1.47) 0.169 1.63 1.13 (0.95,1.33) 0.133
Nose and paranasal
sinuses

Primary education 0.70 0.86

Secondary education 0.89 1.10 (0.82, 1.50) 0.86 1.01 (0.82,1.23)

Higher education 0.84 1.07 (0.77,1.49) 0.812 0.88 1.04 (0.83,1.31) 0.959
Larynx

Primary education 137 0.92

Secondary education 0.70 0.52 (0.38,0.70) 0.76 0.75 (0.61,0.93)

Higher education 0.40 0.24 (0.16, 0.36) <0.001 0.43 0.37 (0.27,0.50) <0.001

P-value assesses heterogeneity in IRRs across education levels.
Bold values indicate that p-value is less than 0.05 and heterogeneity in IRRS was considered statistically significant.

the oral cavity and oropharynx or oral cavity and lip. While the transient surge in the incidence of oral cavity cancer but still fails
whole lip was previously classified as one site, according to the  to explain the ongoing increasing trend.

newest TNM classification TNM of 2017, inner lip malignant Educational attainment levels have also increased in Finland
tumors - located on the labial mucosa - are nowadays classified  during the study period: in 1977-1991 15% of > 25-year-olds had
as oral cavity cancer. This reclassification may have resulted ina completed higher education, rising to 34% in 2007-2021. Over

Table 3. Annual percentage change in head and neck cancer incidence during 1977-2021 among men and women by cancer subsite and educational level,
adjusted for age, region, and educational level.

Subsite Men
Annual percentage change 1977-2021 and 95%-confidence interval

Primary education Secondary education Higher educational
Lip -1.7% 1977-1989 (=3.1,-0.4) -5.1% 1977-2021 (-5.8,-44) —4.6% 1977-2021 (=5.5,-3.6)
-5.7% 1990-2021 (-6.2,-5.1)
Oral cavity 2.7% (2.4,3.1) 2.4% (1.8,2.9) 1.7% (1.0,2.3)
Oropharynx 0.2% 1977-1996 (-1.8,2.3) 4.6% 1977-2021 (3.9,5.4) 4.7% 1977-2021 (3.8,5.7)
7.0% 1997-2021 (5.9, 8.0)
Nasopharynx  0.1% 1977-2021  (-1.0,1.2) -1.3% 1977-2021  (-2.7,0.2) —6.0% 1977-2003  (-9.9,-2.0)
2004-2021 (=2.4,10.3)
Hypopharynx  —0.9% 1977-2001  (-2.4,0.7) 1.2% 1977-2021  (0.0,2.4) —0.1% 1977-2021  (-1.5,1.5)
2.6% 2002-2021 (0.5,4.8)
Salivary glands —0.4% (=1.0,0.3) 0.4% (-0.6,1.3) -0.2% (=1.1,0.8)
Nose and sinuses—0.1% (-0.8,0.5) 1.0% (-0.2,2.2) 0.0% (-1.5,1.4)
Larynx -2.4% 1977-2003 (-3.0,-19) -1.5% 1977-2021 (-2.1,-1.0) -3.3% 1977-2012 (-4.3,-2.3)
0.2% 2004-2021 (-0.9,1.2) 3.0% 2013-2021 (-2.3,8.5)
Subsite Women

Annual percentage change 1977-2021 and 95%—confidence interval

Primary education Secondary education Higher educational
Lip 0.8% 1977-1998  (-0.6,2.2) 10.0% 1977-1988  (-4.6, 26.8) 2.4% 1977-1999  (-2.9,8.1)
—4.5% 1999-2021  (-5.8,-3.2) -4.0% 1989-2021  (-5.5,-26) —6.9% 2000-2021  (-10.0,-3.6)
Oral cavity 2.2% (1.9, 2.6) 2.6% (2.0,3.2) 1.4% (0.7,2.2)
Oropharynx 0.5% 1977-1999  (-1.9,2.9) 6.0% 1977-2021 (4.6,7.4) 4.6% 1977-2021 (3.1,6.1)
8.4% 2000-2021  (6.5,10.3)
Nasopharynx -2.7% (-4.1,-1.2) -1.0% (=3.1,1.1) -2.4% (-4.7,0.1)
Hypopharynx  —5.5% 1977-2003  (-7.7,-33) -2.1% 1977-2021 (-4.2,-0.1) -22% 1977-2021 (=5.2,1.0)
6.3% 2004-2021  (0.8,12.2)
Salivary glands —0.1% (=0.7,0.6) 0.4% 1977-2021 (0.6, 1.5) 0.3% (-0.8,1.4)
Nose and sinuses—1.0% (-1.7,-0.2) 0.9% 1977-2021 (-0.5,2.3) 0.1% (-1.4,1.7)
Larynx 0.1% 1977-2011 (-1.1,1.2) -0.3% 1977-2021 (-1.7,1.1) -7.7% 1977-2003  (-12.5,-2.6)

8.4% 2012-2021 (1.0, 16.5) 5.2% 2004-2021 (=1.9,12.8)
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Table 4. Age-standardized incidence rates (ASIR) per 100,000 person-years and incidence rate ratios (IRR) with 95% confidence intervals (95% Cl) for head
and neck cancer subsites in Finland (for the latest 15-year period 2007-2021 and the whole study period 1977-2021) by urbanization level (reference level:
urban) adjusted for age, calendar period, educational level, and region.

2007-2021 1977-2021
ASIR IRR and 95% ClI p ASIR IRR and 95% Cl p

Men
Lip

Urban 2.31 5.27

Semi-urban 3.13 1.21 (0.99-1.48) 8.27 1.30 (1.19, 1.47)

Rural 4.00 1.41 (1.17,1.71) 0.002 10.42 1.42 (1.32,1.54) <0.001
Oral cavity

Urban 9.42 7.66

Semi-urban 7.21 0.79 (0.70,0.89) 6.13 0.84 (0.77,0.92)

Rural 7.78 0.82 (0.73,0.93) <0.001 574 0.80 (0.73,0.87) <0.001
Oropharynx

Urban 7.16 4.74

Semi-urban 5.00 0.78 (0.67,0.89) 2.99 0.72 (0.64,0.81)

Rural 4.90 0.75 (0.65,0.87) <0.001 291 0.72 (0.64,0.81) <0.001
Nasopharynx

Urban 0.65 0.70

Semi-urban 0.42 0.58 (0.36,0.93) 0.50 0.70 (0.53,0.92)

Rural 0.37 0.43 (0.25,0.75) 0.001 0.45 0.61 (0.45,0.82) 0.001
Hypopharynx

Urban 1.84 173

Semi-urban 1.52 0.91 (0.70,1.18) 1.45 0.89 (0.75,1.07)

Rural 1.55 0.93 (0.72,1.22) 0.733 1.31 0.80 (0.66, 0.96) 0.040
Salivary glands

Urban 2.10 2.04

Semi-urban 2.20 1.02 (0.81,1.28) 2.18 1.13 (0.97,1.32)

Rural 1.50 0.69 (0.53,0.90) 0.011 1.79 0.91 (0.78,1.07) 0.072
Nose and paranasal sinuses

Urban 1.50 1.56

Semi-urban 1.66 1.10 (0.84,1.43) 1.55 0.97 (0.81,1.16)

Rural 1.48 0.96 (0.73,1.28) 0.708 1.37 0.85 (0.71,1.03) 0.229
Larynx

Urban 6.28 847

Semi-urban 6.19 0.97 (0.85,1.11) 791 0.91 (0.84,0.98)

Rural 5.91 0.92 (0.80, 1.05) 0.453 7.63 0.82 (0.76,0.88) <0.001
Women
Lip

Urban 1.03 1.56

Semi-urban 1.36 1.22 (0.94,1.58) 2.03 1.19 (1.04,1.37)

Rural 1.00 0.87 (0.65, 1.16) 0.112 2.01 1.07 (0.93,1.23) 0.046
Oral cavity

Urban 6.23 5.03

Semi-urban 6.10 1.00 (0.88,1.13) 4.81 1.00 (0.91, 1.09)

Rural 6.37 0.99 (0.87,1.12) 0.987 4.57 0.94 (0.86, 1.03) 0.426
Oropharynx

Urban 244 1.49

Semi-urban 1.83 0.79 (0.63,0.99) 1.10 0.80 (0.67,0.96)

Rural 1.51 0.62 (0.47,0.80) <0.001 0.96 0.73 (0.60, 0.89) 0.001
Nasopharynx

Urban 0.22 0.29

Semi-urban 0.19 0.95 (0.47,1.93) 0.30 1.07 (0.75,1.52)

Rural 0.20 1.04 (0.51,2.14) 0.979 0.29 0.97 (0.68, 1.40) 0.908
Hypopharynx

Urban 0.33 0.36

Semi-urban 0.20 0.62 (0.32,1.19) 0.31 0.84 (0.59,1.19)

Rural 0.17 0.45 (0.20, 1.01) 0.057 0.37 1.00 (0.72,1.39) 0.590

(Continued)
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Table 4. (Continued).

2007-2021 1977-2021
ASIR IRR and 95% Cl p ASIR IRR and 95% Cl p

Urban 1.53 1.49

Semi-urban 1.58 1.03 (0.80, 1.31) 1.45 0.98 (0.84, 1.15)

Rural 1.28 0.83 (0.63,1.09) 0.347 1.38 0.92 (0.78,1.08) 0.602
Nose and paranasal sinuses

Urban 0.86 0.86

Semi-urban 0.76 0.96 (0.68, 1.36) 0.84 0.97 (0.79,1.20)

Rural 0.85 1.06 (0.75, 1.50) 0.898 0.94 1.09 (0.89, 1.33) 0.646
Larynx

Urban 0.87 0.84

Semi-urban 0.71 0.84 (0.59,1.21) 0.71 0.88 (0.70, 1.10)

Rural 0.38 0.41 (0.25,0.67) <0.001 0.61 0.71 (0.55,0.91) 0.017

P-value assesses heterogeneity in IRRs across urbanization levels.

Bold values indicate that p-value is less than 0.05 and heterogeneity in IRRS was considered statistically significant.

time, as more people complete higher education, the overall
patterns of risk factor exposure and healthcare use shift across
birth cohorts. These changes would result in different patterns of
HNC risk and detection, influencing incidence rates and the
distribution of HNCs across the population. Finally, the role of sex-
and age-specific interactions in risk factor exposure could
potentially explain some of the observed differences in incidence
across urbanization levels, especially for OPC. As previously
noted, the increasing incidence has been strongly linked to HPV

infection, which is influenced by sexual behavior patterns that
differ by both sex and age. Men are more likely to acquire
persistent oral HPV infections and younger birth cohorts may also
have different sexual behavior patterns — such as earlier sexual
debut and a higher number of oral sex partners — contributing to
higher HPV exposure [38]. These sex- and age-related differences
in risk factors could result in diverging incidence trends over time
and may partly explain why the incidence of OPC is particularly
pronounced among urban populations.

Table 5. Annual percentage change in head and neck cancer incidence during 1977-2021 among men and women by cancer subsite and urbanization

level, adjusted for age, region, and educational level.

Subsite Men
Annual percentage change 1977-2021 and 95%-confidence interval
Urban Semi-urban Rural
Lip -2.8% 1977-1992 (-4.2,-1.4) —1.4% 1977-1986 (=5.2,2.5) 1.7% 1977-1986 (-2.2,5.8)
-5.5% 1993-2021 (-6.2,-4.7) —5.5% 1987-2021 (-6.3,-4.7) —5.8% 1987-2021 (—6.4,-5.1)
Oral cavity 2.5% (2.1,2.8) 2.0% (1.4,2.6) 2.8% (2.2,3.5)
Oropharynx 2.3% 1977-1996 (0.2,4.5) -2.2% 1977-1994 (=7.0,2.9) -3.9% 1977-1988 (-12.3,5.4)
5.5% 1997-2021 (4.7,6.2) 7.3% 1995-2021 (5.6,9.1) 6.0% 1989-2021 (4.6,7.4)
Nasopharynx —-0.5% (-1.5,0.4) -1.5% (-3.4,0.4) —-0.5% (-2.5,1.6)
Hypopharynx 0.5% (=0.1,1.2) 0.7% (=0.5,2.0) 1.3% (0.0, 2.6)
Salivary glands 0.1% (-0.4,0.7) -0.1% (=1.1,0.9) -1.3% (-2.3,-0.2)
Nose and sinuses —-0.1% (—0.8,0.6) 0.4% (0.8, 1.6) 0.7% (0.5, 1.9)
Larynx -1.7% (=2.0,-1.5) —1.6% (=2.1,-1.1) -1.5% (-2.0,-1.0)
Subsite Women
Annual percentage change 1977-2021 and 95%—confidence interval
Urban Semi-urban Rural
Lip 2.0% 1977-1997 (0.1,3.9) -1.9% 1977-2021 (=2.8,-1.1) 0.2% 1977-1999 (=2.1,2.6)
—4.5% 1998-2021  (-5.8,-3.3) —6.7% 2000-2021  (-9.3,-4.0)
Oral cavity 2.8% 1977-2006 (2.1,3.6) 2.2% 1977-2021 (1.5,2.8) -3.3% 1977-1987 (=10.0,3.8)
1.0% 2007-2021 (-0.1,2.2) 3.1% 1988-2021 (2.2,4.0)
Oropharynx —3.4% 1977-1989 (-9.6,3.3) -1.9% 1977-1998 (-7.2,3.7) 3.8% 1977-2021 (2.3,5.3)
6.5% 1990-2021 (5.6,7.5) 9.2% 1999-2021 (6.0, 12.6)
Nasopharynx -2.1% (-3.4,-0.8) -3.1% (-5.4,-0.7) -1.4% (-3.8,1.0)
Hypopharynx -1.2% (=2.4,0.0) —2.6% (-=5.0,-0.2) —5.4% (=7.7,-3.0)
Salivary glands 0.2% (-0.4,0.8) 0.5% (-0.6, 1.6) -0.8% (=1.9,0.4)
Nose and sinuses -0.3% (-1.1,0.5) —0.2% (-1.6,1.3) -1.1% (-2.4,0.3)
Larynx 1.1% 1977-2021 (0.3,1.9) 0.3% 1977-2021 (-1.2,1.9) -3.7% 1977-2015 (-5.8,-1.6)
25.6% 2016-2021 (-15.8,87.2)




The major strength of the current study is the FCR's high
coverage and diagnostic accuracy, capturing 96% of solid
tumors [39]. However, a notable limitation is the lack of data on
etiological factors, such as smoking, alcohol use, and HPV status.
Finally,as the study is based only on Finnish data, its geographical
validity may be limited when applied to other countries with
different healthcare systems, risk factor distributions, and
demographics.

To conclude, a higher incidence of oral cavity, oropharyngeal,
hypopharyngeal, and laryngeal cancers is noted among men
and women with primary education. While the incidence of oral
cavity cancer and OPC is highest among urban men when
compared to semi-urban and rural men, our study also indicates
that these rates are increasing across all educational and
urbanization levels. This rise in OPC has been particularly notable
since 1997-2001. While the increased incidence of oral cavity
and OPC among urban populations is likely explained by the
higher prevalence of known risk factors and variations in
healthcare use, the causes for the increasing trends remain
unclear. Understanding national trends in the incidence of HNC
by urbanization levels can help in planning public health
interventions for cancer prevention. These interventions could
include efforts to reduce modifiable risk factors such as smoking
and unprotected sexual activity and promote HPV vaccination.
Clinicians can also use this information to better understand the
risks faced by their patient populations.

Acknowledgments

This work was supported by the Sigrid Jusélius Foundation,
Finska Lakaresdllskapet, the State Research Funding for the
Helsinki University Hospital, and the Cancer Foundation Finland.

Conflicts of interest

The authors report there are no competing interests to declare.

Data availability statement

Raw data sharing is not available due to privacy restrictions.

Ethics declaration

The current study was based on data from existing registries and
did not include any human intervention. Study participants
were not contacted during the execution of the study. All meth-
ods were carried out in accordance with relevant guidelines and
regulations.

Author contributions

Rayan Nikkild, Janne Pitkdniemi, Karri Seppa, and Antti Makitie
designed the study. Heidi Ryyndnen and Karri Seppé performed
all statistical analyses. Rayan Nikkila drafted the manuscript and

ACTA ONCOLOGICA 1051

created the figures and tables. All authors reviewed, edited, and
approved the final manuscript.

References

[1] Gormley M, Creaney G, Schache A, Ingarfield K, Conway DI. Reviewing
the epidemiology of head and neck cancer: definitions, trends and
risk factors. Br Dent J. 2022;233:780-6. https://doi.org/10.1038/
S$41415-022-5166-x

[2] Lechner M, Liu J, Masterson L, Fenton TR. HPV-associated oropharyn-
geal cancer: epidemiology, molecular biology and clinical manage-
ment. Nat Rev Clin Oncol. 2022;19:306-27. https://doi.org/10.1038/
s41571-022-00603-7

[3] Hussein AA, Helder MN, de Visscher JG, Leemans CR, Braakhuis BJ,
de Vet HCW, et al. Global incidence of oral and oropharynx cancer
in patients younger than 45 years versus older patients: a system-
atic review. Eur J Cancer. 2017;82:115-27. https://doi.org/10.1016/j.
ejca.2017.05.026

[4] Reitsma MB, Fullman N, Ng M, Salama JS, Abajobir A, Abate KH, et al.
Smoking prevalence and attributable disease burden in 195 coun-
tries and territories, 1990-2015: a systematic analysis from the global
burden of disease study 2015. Lancet. 2017;389(10082):1885-906.
https://doi.org/10.1016/s0140-6736(17)30819-x

[5] Kolesnik M, Stepien E, Polz-Dacewicz M. Prevalence of human papil-
lomavirus (HPV) in the oral cavity of a healthy population in South-
Eastern Poland. Int J Environ Res Public Health. 2022;19:7213. https://
doi.org/10.3390/ijerph19127213

[6] Roura E, Iftner T, Vidart JA, Kjaer SK, Bosch FX, Munoz N, et al.
Predictors of human papillomavirus infection in women undergoing
routine cervical cancer screening in Spain: the CLEOPATRE study. BMC
Infect Dis. 2012;12:145. https://doi.org/10.1186/1471-2334-12-145

[7] Liederbach E, Kyrillos A, Wang CH, Liu JC, Sturgis EM, Bhayani MK.
The national landscape of human papillomavirus-associated oro-
pharynx squamous cell carcinoma. Int J Cancer. 2017;140:504-12.
https://doi.org/10.1002/ijc.30442

[8] Weiss J, Heinz-Fischer C. The more rural the less educated? An anal-
ysis of national policy strategies for enhancing young adults’ partici-
pation in formal and informal training in European rural areas. Youth.
2022;2:405-21. https://doi.org/10.3390/youth2030030

[9] Conway DI, Brenner DR, McMahon AD, Macpherson LMD, Agudo A,
Ahrens W, et al. Estimating and explaining the effect of education
and income on head and neck cancer risk: INHANCE consortium
pooled analysis of 31 case-control studies from 27 countries. Int J
Cancer. 2015;136:1125-39. https://doi.org/10.1002/ijc.29063

[10]  Zahnd WE, James AS, Jenkins WD, Izadi SR, Fogleman AJ, Steward DE,
et al. Rural-urban differences in cancer incidence and trends in the
United States. Cancer Epidemiol Biomarkers Prev. 2018;27:1265-74.
https://doi.org/10.1158/1055-9965.epi-17-0430

[11]1  Friis S, Storm HH. Urban-rural variation in cancer incidence in
Denmark 1943-1987. Eur J Cancer. 1993;29:538-44. https://doi.
org/10.1016/50959-8049(05)80147-9

[12]  Sharp L, Donnelly D, Hegarty A, Carsin AE, Deady S, McCluskey N,
etal. Risk of several cancers is higher in urban areas after adjusting for
socioeconomic status. Results from a two-country population-based
study of 18 common cancers. J Urban Health. 2014;91(3):510-25.
https://doi.org/10.1007/s11524-013-9846-3

[13]  Wilkinson D, Cameron K. Cancer and cancer risk in South Australia:
whatevidenceforarural-urban health differential? AustJ Rural Health.
2004;12:61-6. https://doi.org/10.1111/j.1038-5282.2004.00555.x

[14]  Smailyte G, Kurtinaitis J. Cancer mortality differences among urban
and rural residents in Lithuania. BMC Public Health. 2008;8:56.
https://doi.org/10.1186/1471-2458-8-56

[15]  Siesling S, Van Der Aa MA, Coebergh JWW, Pukkala E. Time-space
trends in cancer incidence in the Netherlands in 1989-2003. Int J
Cancer. 2008;122:2106-14. https://doi.org/10.1002/ijc.23358


https://doi.org/10.1038/S41415-022-5166-x
https://doi.org/10.1038/S41415-022-5166-x
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1016/j.ejca.2017.05.026
https://doi.org/10.1016/j.ejca.2017.05.026
https://doi.org/10.1016/s0140-6736(17)30819-x
https://doi.org/10.3390/ijerph19127213
https://doi.org/10.3390/ijerph19127213
https://doi.org/10.1186/1471-2334-12-145
https://doi.org/10.1002/ijc.30442
https://doi.org/10.3390/youth2030030
https://doi.org/10.1002/ijc.29063
https://doi.org/10.1158/1055-9965.epi-17-0430
https://doi.org/10.1016/s0959-8049(05)80147-9
https://doi.org/10.1016/s0959-8049(05)80147-9
https://doi.org/10.1007/s11524-013-9846-3
https://doi.org/10.1111/j.1038-5282.2004.00555.x
https://doi.org/10.1186/1471-2458-8-56
https://doi.org/10.1002/ijc.23358

R. NIKKILA ET AL.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Stein AP, Saha S, Kraninger JL, Swick AD, Yu M, Lambert PF, et al.
Prevalence of human papillomavirus in oropharyngeal cancer: a sys-
tematic review. Cancer J. 2015;21:138-46. https://doi.org/10.1097/
ppo.0000000000000115

Vartiainen VA, jousilahti P, Laatikainen T, Vartiainen E. Contribution
of smoking change to 45-year trend in prevalence of chronic bron-
chitis in Finland. Scand J Public Health. 2023;51:1189-95. https://doi.
org/10.1177/14034948221104351

Finnish Institute for Health and Welfare. Smoking statistics 2023.
Statistical Report 55/2024. Helsinki: Finnish Institute for Health and
Welfare; 2024.

Ruokolainen O, Heloma A, Jousilahti P, Lahti J, Pentala-Nikulainen
O, Rahkonen O, et al. Thirty-eight-year trends of educational differ-
ences in smoking in Finland. Int J Public Health. 2019;64:853-60.
https://doi.org/10.1007/s00038-019-01228-x

Harkonen J, Savonen J, Virtala E, Suomalaisten PM. Finnish drinking
habits survey 1968-2016 (In Finnish). Helsinki: Finnish Institute of
Health and Welfarei; 2017.

Madathil S, Rousseau MC, Joseph L, Coutlée F, Schlecht NF, Franco
E, et al. Latency of tobacco smoking for head and neck cancer
among HPV-positive and HPV-negative individuals. Int J Cancer.
2020;147:56-64. https://doi.org/10.1002/ijc.32708

Murto J, Kaikkonen R, Pentala-Nikulainen O, Koskela T, Virtala E,
Harkanen T, et al. Results of the adult health, wellbeing, and services
survey 2010-2016 (In Finnish) [Internet]. Helsinki: Finnish Institute of
Health and Welfare; 2014. Available from: www.thl.fi/ath

Halme JT, Seppé K, Alho H, Pirkola S, Poikolainen K, Lonnqvist J, et al.
Hazardous drinking: prevalence and associations in the Finnish gen-
eral population. Alcohol Clin Exp Res. 2008;32:1615-22. https://doi.
org/10.1111/j.1530-0277.2008.00740.x

Miranda-Filho A, Bray F. Global patterns and trends in cancers of the
lip, tongue and mouth. Oral Oncol. 2020;102:104551. https://doi.
org/10.1016/j.oraloncology.2019.104551

Katirachi SK, Grgnlund MP, Jakobsen KK, Grenhgj C, von Buchwald
C. The prevalence of HPV in oral cavity squamous cell carcinoma.
Viruses. 2023;15(2):451. https://doi.org/10.3390/v15020451

Pavia M, Pileggi C, Nobile CGA, Angelillo IF. Association between
fruit and vegetable consumption and oral cancer: a meta-analysis of
observational studies. Am J Clin Nutr. 2006;83:1126-34. https://doi.
org/10.1093/ajcn/83.5.1126

Xu J, Yang XX, Wu YG, Li XY, Bai B. Meat consumption and risk of
oral cavity and oropharynx cancer: a meta-analysis of observational
studies. PLoS One. 2014;9:€95048. https://doi.org/10.1371/journal.
pone.0095048

Stuckler D, McKee M, Ebrahim S, Basu S. Manufacturing epidemics:
the role of global producers in increased consumption of unhealthy
commodities including processed foods, alcohol, and tobacco.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

PLoS Med.
pmed.1001235
Bosetti C, Carioli G, Santucci C, Bertuccio P, Gallus S, GaravelloW, et al.
Global trends in oral and pharyngeal cancer incidence and mortality.
Int J Cancer. 2020;147:1040-9. https://doi.org/10.1002/ijc.32871
Mehanna H, Beech T, Nicholson T, El-Hariry I, McConkey C, Paleri
V, et al. Prevalence of human papillomavirus in oropharyngeal
and nonoropharyngeal head and neck cancer - systematic review
and meta-analysis of trends by time and region. Head Neck.
2013;35:747-55. https://doi.org/10.1002/hed.22015

Lundberg M, Leivo |, Saarilahti K, Makitie AA, Mattila PS. Increased
incidence of oropharyngeal cancer and p16 expression. Acta
Otolaryngol. 2011;131:1008-11. https://doi.org/10.3109/00016489.
2011.575796

Ochoa Scussiatto H, Stenson KM, Al-Khudari S, Jelinek MJ, Pinto JM,
Bhayani MK. Air pollution is associated with increased incidence-rate
of head and neck cancers: a nationally representative ecologi-
cal study. Oral Oncol. 2024;150:106691. https://doi.org/10.1016/j.
oraloncology.2024.106691

Sillanpaa S, Fung PL, Niemi J V., Kousa A, Kangas L, Zaidan MA, et al.
Long-term air quality trends of regulated pollutants in the Helsinki
metropolitan area from 1994-2019 and its implications to the
Air Quality Index. Boreal Environ Res. 2022;27:61-79. https://doi.
org/10.1547/porel.1254.238

Lehtinen T, Elfstrom KM, Makitie A, Nygard M, Vanska S, Pawlita M,
et al. Elimination of HPV-associated oropharyngeal cancers in
Nordic countries. Prev Med (Baltim). 2021;144:106445. https://doi.
0rg/10.1016/j.ypmed.2021.106445

Lindqvist C. Risk factors in lip cancer: a questionnaire survey. Am J
Epidemiol. 1979;109:521-30. https://doi.org/10.1093/oxfordjour-
nals.aje.a112710

Pogoda JM, Preston-Martin S. Solar radiation, lip protection, and lip
cancer risk in Los Angeles County women (California, United States).
Cancer Causes Control. 1996;7:458-63. https://doi.org/10.1007/
BF00052672

Ryser MD, Gulati R, Eisenberg MC, Shen Y, Hwang ES, Etzioni RB.
Identification of the fraction of indolent tumors and associated
overdiagnosis in breast cancer screening trials. Am J Epidemiol.
2018;188:197-205. https://doi.org/10.1093/aje/kwy214

D’Souza G, Cullen K, Bowie J, Thorpe R, Fakhry C. Differences in oral
sexual behaviors by gender, age, and race explain observed differ-
ences in prevalence of oral human papillomavirus infection. PLoS
One. 2014;9:e86023. https://doi.org/10.1371/journal.pone.0086023
Leinonen MK, Miettinen J, Heikkinen S, Pitkdniemi J, Malila N. Quality
measures of the population-based Finnish Cancer Registry indi-
cate sound data quality for solid malignant tumours. Eur J Cancer.
2017;77:31-9. https://doi.org/10.1016/j.ejca.2017.02.017

2012;9:e1001235.  https://doi.org/10.1371/journal.


https://doi.org/10.1097/ppo.0000000000000115
https://doi.org/10.1097/ppo.0000000000000115
https://doi.org/10.1177/14034948221104351
https://doi.org/10.1177/14034948221104351
https://doi.org/10.1007/s00038-019-01228-x
https://doi.org/10.1002/ijc.32708
http://www.thl.fi/ath
https://doi.org/10.1111/j.1530-0277.2008.00740.x
https://doi.org/10.1111/j.1530-0277.2008.00740.x
https://doi.org/10.1016/j.oraloncology.2019.104551
https://doi.org/10.1016/j.oraloncology.2019.104551
https://doi.org/10.3390/v15020451
https://doi.org/10.1093/ajcn/83.5.1126
https://doi.org/10.1093/ajcn/83.5.1126
https://doi.org/10.1371/journal.pone.0095048
https://doi.org/10.1371/journal.pone.0095048
https://doi.org/10.1371/journal.pmed.1001235
https://doi.org/10.1371/journal.pmed.1001235
https://doi.org/10.1002/ijc.32871
https://doi.org/10.1002/hed.22015
https://doi.org/10.3109/00016489.2011.575796
https://doi.org/10.3109/00016489.2011.575796
https://doi.org/10.1016/j.oraloncology.2024.106691
https://doi.org/10.1016/j.oraloncology.2024.106691
https://doi.org/10.1547/porel.1254.238
https://doi.org/10.1547/porel.1254.238
https://doi.org/10.1016/j.ypmed.2021.106445
https://doi.org/10.1016/j.ypmed.2021.106445
https://doi.org/10.1093/oxfordjournals.aje.a112710
https://doi.org/10.1093/oxfordjournals.aje.a112710
https://doi.org/10.1007/BF00052672
https://doi.org/10.1007/BF00052672
https://doi.org/10.1093/aje/kwy214
https://doi.org/10.1371/journal.pone.0086023
https://doi.org/10.1016/j.ejca.2017.02.017

