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ABSTRACT

Objectives Laryngeal cancer is the most prevalent entity
of head and neck cancer. Knowing the trends of incidence
and mortality of laryngeal cancer is important for the
reduction in related disease burden.

Design Population-based observational study.

Main outcomes and measures The incidence and
mortality data of laryngeal cancer were retrieved from the
Global Burden of Disease study 2017 online database.
The estimated average percentage change was used to
quantify the trends of laryngeal cancer incidence and
mortality at the global, regional and national levels.
Results Globally, the numbers of incident cases and
deaths due to laryngeal cancer increased 58.7% and
33.9%, respectively, from 1990 to 2017. However, the
overall age-standardised incidence rate (ASIR) and age-
standardised mortality rate decreased by 0.99% (95% Cl
0.83% to 1.14%) and 1.62% (95% Cl 1.50% to 1.74%)
per year, respectively. These decreases were ubiquitous
worldwide. However, unfavourable trends in the ASIR

of laryngeal cancer were also observed in a total of 51
developing countries.

Conclusions The incidence and mortality rates of
laryngeal cancer have significantly decreased at the global
level and in most countries over the past three decades.
The regions that showed an increasing incidence trend
deserve more attention.

INTRODUCTION

Laryngeal carcinoma is the most common
cancer site of the aerodigestive tract and
accounts for 25%-30% of all head and neck
cancer cases.! In 2018, it was estimated that
a total of 177 000 cases of laryngeal cancer
and 95 000 related deaths occurred world-
wide.” Laryngeal cancer is diagnosed more
commonly in men than in women.” The most
well-determined risk factors for laryngeal
cancerinclude smokingand alcohol consump-
tion.”* Owing to the disparities in risk factor
distribution from country to country, the
incidence and mortality patterns of laryngeal
cancer are geographically heterogeneous.” In
this context, a comprehensive description of
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Strengths and limitations of this study

» We provided the most comprehensive description of
laryngeal cancer incidence and mortality.

» The temporal trends of incidence and mortality
are critical to update laryngeal cancer prevention
strategies.

» The data used in this study lacked individual data.

» Laryngeal cancer cannot be further classified ac-
cording to the anatomical position.

the epidemiological characteristics of laryn-
geal cancer at the national level is needed. In
addition, the incidence and mortality trends
of laryngeal cancer were commonly reported
together with those of other head and neck
cancers (HNCS).6 Few studies have individ-
ually described and analysed the epidemi-
ological features of laryngeal cancer in the
international/global setting. However, due
to the differences in the histology, pathology,
clinical manifestation and prognosis of HNC,
separately knowing their evolving incidence
and mortality rates is important for HNC
prevention.

In the current study, leveraging the data
from the 2017 Global Burden of Disease
(GBD) study,7 we comprehensively described
the epidemiology and analysed the temporal
trends of incidence and mortality rates of
laryngeal cancer at the global, regional and
national levels.

METHODS

Study data

The GBD study provides a tool to quantify
health loss from hundreds of diseases, inju-
ries and risk factors so that health systems
can be improved and disparities can be elim-
inated.” ® GBD data have been widely used
to assess the disease burden of cancers.”’
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Herein, we retrieved the incidence and mortality data of
laryngeal cancer by sex, country or territory, region and
single calendar year from 1990 to 2017 using the online
Global Health Data Exchange query tool. The electronic
searches were complemented with additional epidemio-
logical measures such as ‘metric’ (ie, ‘rate’ and ‘number’),
‘measure’ (ie, ‘incidence’ and ‘deaths’), ‘year’ (ie, from
1990 to 2017), ‘sex’ (ie, ‘male’ and ‘female’), ‘age’ (ie,
‘all ages’ and ‘age-standardized’) and ‘location’. The data
were available at four geographical levels: global (level
1); five regions in terms of socio-demographic index
(SDI; that is, high SDI, high-middle SDI, middle SDI,
low-middle SDI and low SDI; (level 2); 21 GBD regions in
terms of geography (eg, Western Europe; level 3); and 195
countries or territories (eg, China; level 4). The SDI is a
composite indicator of development status that is strongly
correlated with health outcomes. It is the geometrical
mean of 0-1 indexes of total fertility rate under the age of
25, mean education for those ages 15 and older and lag-
distributed income per capita. As a composite, a location
with an SDI of 0 would have a theoretical minimum level
of development relevant to health, while a location with
an SDI of 1 would have a theoretical maximum level."

The collection and processing procedures of cancer
data in GBD studies have been extensively described else-
where.!' 2 In brief, the crude incidence and mortality
data were collected from cancer registries or aggregated
databases of the cancer registry, such as ‘Cancer Inci-
dence In Five Continents (CI5)’. Data were excluded if
they were not representative of the general population
(eg, hospital-based registries). Laryngeal cancer was
identified by the International Classification of Diseases
(ICD)-10 codes C32-C32.9 and the ICD-9 codes 161-161.9
from the cancer databases. Most cancer registries only
report cancer incidence. However, if a cancer registry
also reported cancer mortality, mortality data were also
extracted from the source to be used in the mortality
to incidence estimation. For regions that lack inci-
dence data, cancer incidence was estimated from cancer
mortality using mortality to incidence ratios. These data
were then modelled by cause of death ensemble model-
ling (CODEm), which is the framework used to model
most cause-specific death rates in the GBD study.”” * In
brief, the CODEm approach is based on the principles
that all types of available data should be used even if data
quality varies; that individual models but also ensemble
models should be tested for their predictive validity; and
that the best model or sets of models should be chosen
based on the out-of-sample predictive validity. Despite
the advanced modelling strategies used in GBD studies,
we should bear in mind that the estimates provided
were based on modelling data rather than raw data. The
national SDIs were also retrieved from the GBD online
database.

Statistical analysis
We used the estimated average percentage change
(EAPC) to quantify the trends of laryngeal cancer

incidence and mortality from 1990 to 2017."* The EAPC
can be calculated from the regression model, which was
fitted to the calendar years with the natural logarithm of
the rates (ie, y=0+px+¢, where y=In(rate), and x=calendar
year)."” Pearson correlation tests were applied to assess
the correlations between SDIs and other indexes (eg, the
incidence and the EAPC of incidence). All statistical anal-
yses were performed using the R program (V.3.6.3, R core
team). A p value less than 0.05 was considered statistically
significant.

Patient and public involvement
No patients were involved.

RESULTS

Incidence and its trend for laryngeal cancer at the global,
regional and national levels

Globally, the number of incident cases of laryngeal
cancer increased from 132 700 in 1990 to 210 600 in
2017 (figure 1A; table 1). Approximately 85% of total
cases occurred in men (table 1). The case numbers were
highest in regions with high SDIs and decreased with
the SDI levels. During the study period, the overall age-
standardised incidence rate (ASIR) of laryngeal cancer
experienced a significant decrease (EAPC=-0.99, 95%
CI -1.14 to —-0.83) (figure 1B). The ASIR decreased with
different magnitudes in different regions. The greatest
reductions were observed in high-SDI regions (table 1).
For GBD regions, the highest ASIR and case number of
laryngeal cancer were found in the Caribbean and East
Asia, respectively, in 2017 (table 1). Between 1990 and
2017, we found that only 3 of 21 GBD regions, namely,
East Asia, the Caribbean and Oceania, experienced
significant increases in the ASIR (table 1; figure 1C). In
the remaining GBD regions, the ASIR was significantly
decreased, with the most pronounced reduction found
in Andean Latin America (EAPC=-2.21, 95% CI -2.41 to
—-2.00) (table 1; figure 1C). In 2017, the ASIR of laryngeal
cancer varied 12-fold worldwide. The highest ASIR was
observed in Cuba (8.58,/100 000), followed by Seychelles
and Montenegro (figure 1D). A total of 51 countries,
most of which are located in developing regions, expe-
rienced significant increases in the ASIR of laryngeal
cancer from 1990 to 2017 (figure 1E). The greatest
increase was found in Sri Lanka (EAPC=2.31, 95% CI
2.04 to 2.58). In contrast, a total of 122 countries expe-
rienced significant decreases in the ASIR of laryngeal
cancer (figure 1E). The most marked reduction was seen
in Bahrain (EAPC=-4.79, 95% CI -5.37 to —4.21).

Mortality and its trend for laryngeal cancer at the global,
regional and national levels

While the number of deaths from laryngeal cancer
increased 33.9% between 1990 and 2017, the corre-
sponding age-standardised mortality rate (ASMR)
decreased by 1.62% per year during the same period
(table 1; figure 2A,B). Most deaths occurred in men
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Figure 1 Epidemiological features of laryngeal cancer incidence. (A) The temporal trends of incident case number and (B) age-
standardised incidence rate (ASIR) of laryngeal cancer at the global level between 1990 and 2017. (C) The temporal trend of
ASIR of laryngeal cancer at the regional level between 1990 and 2017. (D) The ASIR of laryngeal cancer at the national level in
2017. (E) The temporal trend of ASIR of laryngeal cancer at the national level between 1990 and 2017. EAPC, estimated average

percentage change; SDI, socio-demographic index.

and in regions with low-to-medium SDIs (table 1). The
most significant reductions in the ASMR were found in
high-SDI regions. Only one GBD region (ie, Oceania)
showed a significant increase in the ASMR of laryn-
geal cancer between 1990 and 2017. The ASMRs in the
remaining GBD regions were significantly decreased
(table 1; figure 2C). The greatest decrease was observed in
high-income Asia-Pacific (EAPC=-3.85, 95% CI, -4.14 to
-3.56). At the national level, the highest ASMR was found
in Pakistan (5.17/100 000) in 2017, followed by Cuba
and Seychelles (figure 2D). Between 1990 and 2017, 30
countries experienced significant increases in the ASMR.
The greatest increase was found in Guinea (EAPC=1.77,
95% CI, 1.56 to 1.98), followed by Chad and Mongolia
(figure 2E). In contrast, a total of 150 countries experi-
enced significant decreases in the ASMR of laryngeal
cancer. The most marked reduction was found in South
Korea (EAPC=-7.10, 95% CI, -7.81 to -6.40) (figure 2E).

The associations of SDI with laryngeal cancer-related indexes

We also assessed the associations of the SDI with laryngeal
cancerrelated indexes at the national level (figure 3). As
shown in figure 3A,B, the ASIR and ASMR and their corre-
sponding trends, quantified by the EAPC, of laryngeal
cancer were both highly correlated (p=0.795, p<0.001;
p=0.907, p<0.001). Countries with a higher SDI had
a higher ASIR of laryngeal cancer (figure 3C; p=0.369,
p<0.001). However, this relationship was reversed for
ASMR, although the correlation index was not statisti-
cally significant (figure 3D; p=-0.127, p=0.079). While no
significant association was found between the SDI and the
EAPC of ASIR (figure 3E; p=-0.120, p=0.097), a signifi-
cantly negative association was found between the SDI
and the EAPC of ASMR (figure 3F; p=-0.403, p<0.001).
These findings suggest that countries with higher SDIs
have made greater improvements in the treatment of
laryngeal cancer than those with lower SDIs.
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Figure 2 Epidemiological features of laryngeal cancer mortality. (A) The temporal trends of incident death number and (B) age-
standardised mortality rate (ASMR) of laryngeal cancer at the global level between 1990 and 2017. (C) The temporal trend of
ASMR of laryngeal cancer at the regional level between 1990 and 2017. (D) The ASMR of laryngeal cancer at the national level
in 2017. (E) The temporal trend of ASMR of laryngeal cancer at the national level between 1990 and 2017. EAPC, estimated

average percentage change; SDI, socio-demographic index.

DISCUSSION

In this study, we reported the incidence and mortality
trends of laryngeal cancer at the global, regional and
national levels. In brief, our findings showed high
geographical heterogeneity in both the incidence
and mortality rates of laryngeal cancer worldwide. We
observed significant decreasing trends in the incidence
and mortality rates of laryngeal cancer at the global level
and in most countries between 1990 and 2017. These
reductions suggested the efficacy of current prevention
strategies and highlighted the importance of continuous
application and even strengthening of these strategies.
However, we also observed unfavourable trends in the
incidence of laryngeal cancer in a few countries. Most of
these countries were located in East Asia and North Africa
in areas that lacked advanced economies. Owing to the
large population sizes in these countries, the increase in
laryngeal cancer incidence might suggest a considerable
disease burden of this malignant carcinoma.

Several risk factors have been implicated in the patho-
genesis of laryngeal cancer. The most significant of these
are tobacco use and alcohol consumption. In addition,
the risk of laryngeal cancer increases with the amount
of alcohol consumed.'® In previous studies conducted in
North America, Europe, Japan and Korea, the multivar-
iate relative risks for the highest levels of consumption
ranged between 2 and 10 and were 1.94 for 50 g/day
and 3.95 for 100 g/day in a meta-analysis of 20 studies."”
In our study, we found that the incidence of laryngeal
cancer was higher in Europe, where alcohol consumption
is higher than the global average.'® The decreasing trend
of laryngeal cancer incidence might be partly attributed
to the reduction of alcohol use in these countries. In a
recent study conducted in Great Britain, the authors
found that for those born post-1985, alcohol abstention
rates are increasing and male consumption is decreasing
relative to preceding cohorts.'” However, in a large-scale
modelling study,” the authors reported that between
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1990 and 2017, global adult per capita consumption
increased from 5.9 L to 6.5 L. and is forecasted to reach
7.6 L by 2030. In parallel, globally, the prevalence of life-
time abstinence decreased from 46% in 1990 to 43%
in 2017 and is predicted to further decrease to 40% in
2030. These results alarmed us that the global goals for
reducing the harmful use of alcohol are unlikely to be
achieved and that alcohol use-related diseases, including
laryngeal cancer, remain the major challenges for human
health. In this unfavourable context, although we have
seen a significant reduction in the incidence of laryngeal
cancer in most countries over the past three decades, the
primary preventive strategy of decreasing alcohol use
is worth strengthening, such as by increasing the tax of
alcohol beverages and strictly forbidding sales to children
and adolescents.

Tobacco use has also been shown to have a linear associ-
ation with the development of laryngeal cancer, with a risk
for smokers that is 10-15 times higher than the risk for
non-smokers, and the heaviest smokers have as much as
a 30 times greater risk.?! Fortunately, owing to persistent
efforts to combat tobacco use, such as the Framework
Convention on Tobacco Control, the prevalence of daily
smoking has declined for both men and women in many
* However, given the continuing increase in
the number of smokers worldwide and the rapid emer-
gence of new tobacco products, additional efforts are

countries.

needed to achieve a smoke-free world, help smokers quit
and protect youth from initiating tobacco use.*

Despite the global decrease in the incidence of laryn-
geal cancer, of note are the unexpected increases in this
rate in a few developing countries, such as China and
Vietnam. We suspected that these increases mightbe partly
explained by the following reasons: (1) since the improve-
ment of healthcare services and the cancer surveillance
system, more laryngeal cancer cases have been diagnosed
and recorded; and (2) the prevalence rates of risk factors,
especially smoking, are high in these countries.”” ** For
example, the implementation of tobacco control poli-
cies in China since the signing of the WHO Framework
Convention on Tobacco Control in 2003 has not been
effective in reducing smoking prevalence. Smoking prev-
alence among adolescents of both sexes has increased
substantially, and there has been a steady increase in
smoking among young women.”® A similar phenomenon
was observed in Vietnam, in which the reduction in the
prevalence of tobacco smoking during the last 5 years was
not as high as expected, especially in rural areas.” These
findings highlight that more practical and effective poli-
cies targeting smoking are urgently needed.

In our study, we also observed a ubiquitous decrease
in the mortality rate of laryngeal cancer. Unsurprisingly,
the greatest reductions were mostly seen in developed
countries. The development of the mortality rate of
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laryngeal cancer was largely based on the evolution of
incidence and was likely also due to changes in medical
practices, including screening, diagnosis and treatment.’
Taking radiotherapy as an example, Atun et al reported
that the coverage of radiotherapy was positively associ-
ated with gross national income.” Moreover, countries
with a relatively higher income will benefit more from
investment in radiotherapy than countries with lower
or lower-middle income.” Scheduled and opportunistic
screening, coupled with efforts to enhance education and
health behaviour modification, are highly recommended
for predefined, high risk, targeted populations.”® These
measures can enable early detection and therefore
improve mortality. Previous studies have demonstrated
the feasibility of developing and implementing large-scale
community-based HNC screenings.”

The limitations of this study should be noted here.
First, all data used in our study were retrieved from GBD
studies, which were obtained from mathematical models
based on surveillance data rather than the surveillance
data itself. Therefore, for countries that lack useable
cancer surveillance data, the incidence and mortality
of laryngeal cancer are estimated from mathematical
models and should be interpreted with caution. In other
words, the data used in our study were largely dependent
on the quality and quantity of data used in the model-
ling. For example, the cancer surveillance system was
generally more complete in developed countries than
in developing countries, which might lead to a larger
number of reported cancer cases or a higher ASIR/ASMR
of cancer in developed countries. However, GBD studies
incorporate sparse data worldwide and provide the most
comprehensive data source for the study of cancer disease
burden. Second, because of a lag in data availability, esti-
mates for the most recent years are based on past time
trends and covariates rather than data, which is reflected
in the larger uncertainty.” Finally, we cannot specify laryn-
geal cancer into several subgroups (eg, glottic carcinoma
and supraglottic carcinoma) according to the anatom-
ical position because of data unavailability. A previous
study reported that the temporal trends differed mark-
edly between cancers of different anatomical subsites.”®
Moreover, different subtypes of laryngeal cancer might
be considered different entities that are distinct in clin-
icopathological and immunohistochemical staining
characteristics.”

In conclusion, we reported global decreases in both the
incidence and mortality of laryngeal cancer over the past
three decades. These decreases suggest the effectiveness
of the control of tobacco and alcohol use. However, unfa-
vourable increases in the incidence of laryngeal cancer
were observed in a few developing countries. More
targeted and potent prevention strategies for laryngeal
cancer are therefore warranted.
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