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ABSTRACT

Objectives This study delineates the global
nasopharyngeal carcinoma’s (NPC) incidence and mortality
across 185 countries in 2020 and projects the disease’s
burden by 2040.

Design A prediction study.

Setting Countries within the 20 world regions.
Participants Global NPC population.

Primary and secondary outcome measures The
estimated counts of NPC cases and deaths were retrieved
from the GLOBOCAN 2020 database. Age-standardised
incidence rates (ASIR) and age-standardised death rates
(ASDR) were computed. Projections for NPC by 2040 were
derived from global population forecasts.

Results In the year 2020, East Asia emerged as the
epicentre of both NPC incidences and mortalities,
encompassing 49.39% (65 866 of the total 133 354
cases) and 45.56% (36 453 of the total 80 008 deaths),
respectively, with China’s contribution being the most
substantial (46.82% of cases and 43.50% of deaths).
The disparity between genders was notable, as the ASIR
and ASDR for males were approximately triple those
observed in females. The incidence exhibited regional
diversity, with South-Eastern Asia and East Asia recording
the highest ASIR for males and females (7.7 and 2.5, and
3.9 and 1.5 per 100 000 person-years, respectively).
Similarly, South-Eastern Asia also reported the highest
ASDR for both genders (5.4 and 1.5 per 100 000 person-
years, respectively). Projections for 2040 anticipate a

rise in annual cases and deaths to 179 476 (indicating a
34.58% increase from 2020) and 113 851 (reflecting a
42.29% increase), respectively. Further analysis revealed
a correlation between the Human Development Index and
disease burden.

Conclusions NPC, primarily impacting East Asia and
predominantly affecting men, is poised for a significant
increase in incidence and mortality by 2040, especially in
Asia.

INTRODUCTION

Nasopharyngeal carcinoma (NPC), a type of
epithelial cancer originating from the naso-
pharyngeal mucosa, ranks among the most
common head and neck cancers,' displaying
pronounced geographical variability. Despite
originating from similar cellular or tissue
lineages, NPC markedly diverges from other
head and neck epithelial tumours, being

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The initial research on the incidence and mortality
of nasopharyngeal carcinoma (NPC) across 185 na-
tions in 2020.

= Anticipating the health burden of NPC through to
2040.

= Certain nations exhibit restricted data availability.

= Unspecified influence of adjustable risk factors.

= The projection did not consider recent variations and
disparities among countries.

relatively rare in comparison and showing a
highly uneven geographical distribution.” *
Over recent decades, there has been a global
decline in NPC incidence rates.*” It is note-
worthy that populations from high-incidence
regions maintain elevated rates even after
relocating to non-endemic areas, though
the rates for second-generation immigrants
tend to decrease. This suggests that life-
style and environmental changes might play
roles, pointing to the interplay of genetic,
ethnic and environmental factors in NPC
development.’

NPC is largely preventable, given its associ-
ation with numerous modifiable risk factors.
Primary causes include Epstein-Barr virus
(EBV) infection, smoking, consumption of
salted fish and other preserved foods and
occupational exposure to wood dust.”® EBV
infection, in particular, is considered a signifi-
cant risk factor, with a dose-response relation-
ship between EBV antibody levels and NPC
risk, attributing about 85% of NPC cases to
EBV infection. Smoking increases the risk of
NPC by 60% compared with non-smokers,
and the relative risk of NPC for those
consuming salted Chinese-style fish weekly
ranges from 1.1 to 4, escalating to 1.8 to 20
for daily consumption.”"!

The Human Development Index (HDI)
serves as a useful tool for comparing global
cancer incidence and mortality rates, offering
insights into the health and mortality profiles
of nations.'? Indeed, the index correlates
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with the incidence and mortality rates of various diseases,
making it an effective index for gauging specific disease
conditions across different countries. Comprising three
fundamental dimensions—Ilife expectancy at birth,
adult literacy rate and per capita GDP (gross domestic
product)—the HDI helps in accurately understanding
the distribution of cancer and its risk factors."

Given the close association between NPC and its modi-
fiable risk factors, and due to changing epidemiolog-
ical characteristics driven by trends in incidence and
mortality rates, understanding the current epidemiolog-
ical features of international variations in NPC incidence
and mortality is crucial. This enables public health poli-
cymakers to make evidence-based decisions for primary
prevention and optimise resource allocation to alleviate
the global burden of NPC. With the global population’s
growth and ageing, forecasting the future burden of NPC
is vital for better planning cancer control strategies.'*
Therefore, based on'®> GLOBOCAN 2020 estimates, our
study investigates the geographical variations in NPC inci-
dence and mortality rates worldwide and across nations,
projecting the future NPC burden up to 2040 based on
population forecasts.®

METHODS

Data sources

The number of new cases and deaths from NPC (classified
under ICD-10 (ICD International Classification of Diseases
(coding system)) as Cl1)'¢ 7 were extracted from the'
GLOBOCAN 2020 database, encompassing data from
185 countries or territories, segmented by gender and in
b-year age intervals (0-4, 5-9, 80-84, 85 and older)." "
Corresponding population data for the year 2020 were
retrieved from the United Nations website. The popu-
lation forecasts used in this study were based on future
fertility rates. The data sources and methods employed to
compile the global cancer estimates for 2020 have been
detailed elsewhere.® In brief, GLOBOCAN’s country
estimates are contingent on the availability of recorded
high-quality national and subnational incidence data
(from population-based cancer registries) and national
mortality data (from vital registration systems).* %!

Methods for estimating age-standardised rates in the Global
Cancer Programme

The methods of estimation are country-specific, and
the quality of the estimation depends on the quality
and on the amount of information available for each
country. In theory, there are as many methods as
countries, and because of the variety and complexity
of these methods, an overall quality score for the inci-
dence and mortality estimates combined is almost
impossible to establish.”* ** However, an alphanu-
meric scoring system that independently describes
the availability of incidence and mortality data has
been established at the country level. The combined
score is presented together with the estimates for

each country with the aim of providing a broad indi-
cation of the robustness of the estimation.**°

The Human Development Index

The HDI serves as a composite metric that assesses
three fundamental dimensions: life expectancy,
education level and access to resources necessary for
a decent living. Significant advancements have been
observed across all groups and regions in terms of
HDI indicators, with countries classified as having low
and medium human development experiencing the
most rapid progress.27 *® This has led to a reduction
in global inequalities. However, national averages
often conceal the vast disparities in human experi-
ences. Significant gaps persist within and between
nations of the global North and South, and income
inequality within many countries and between them
continues to widen.*” ** According to the HDI, coun-
tries are categorised into four tiers: very high human
development (HDI>0.80), high human development
(0.80>HDI>0.710), medium human development
(0.7102HDI>0.535) and low human development
(HDI<0.535), reflecting a spectrum of progress and
challenges in global development.

Statistical analysis

Our analysis presented estimated new cases and deaths
in both tabular and graphical formats, employing
the direct standardisation method to calculate
two summary measures: the age-standardised inci-
dence rates (ASIR) and age-standardised death rates
(ASDR) per 100 000 person-years based on the 1966
Segi-Doll world standard population, along with the
cumulative risk of being diagnosed with or dying from
NPC before the age of 75, assuming no other causes
of death."” ** We projected future global cases and
deaths of NPC based on the United Nations’ four-
tier HDI, which assesses the cancer burden across
varying levels of development (low, medium, high
and very high HDI). Projections for China were based
on population forecasts and scenarios of annual
increases (+1%, +2%, +3%, +4%), stability (0%) or
decreases (-1%, 2%, 3%, -4%) from the baseline
year of 2020."> The projection calculations applied
specific age ratios (and the aforementioned scenarios
of change) to the corresponding projected popula-
tion data estimated by the United Nations Develop-
ment Programme. Results were listed by country and
aggregated within the 20 world regions defined by the
United Nations and by HDI categories for the year
2020. Data management and analysis were conducted
using R software (V.4.0.2; R Foundation for Statistical
Computing), with global maps of NPC incidence and
mortality rates by country generated using R software
(V.4.0.2; R Foundation for Statistical Computing).”

Patient and public involvement
No patient is involved.
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Estimated age-standardized incidence and mortality rates (World) in 2020, nasopharynx, all ages
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RESULTS

Global burden of NPC incidence and mortality rates 000 person-years. The incidence was higher in males (96
In 2020, the global estimate for NPC diagnoses was 133 371 cases) compared with females (36 983 cases), with

Populations

Figure 2 Global burden of disease for ASIR and ASDR in nasopharyngeal carcinoma in 2020, by HDI region and gender.
ASDR, age-standardised death rate; ASIR, age-standardised incidence rates; ASR: age-standardized rateHDI; Human
Development Index.

Estimated age-standardized incidence and mortality rates (World) in 2020, nasopharynx, all ages

Incidence
Mortality

China

High HDI

World

Medium HDI

Low HDI

Very high HDI

India

Males Females

Global burden of disease for ASIR and ASDR in nasopharyngeal carcinoma in 2020, by region and gender. ASDR,
age-standardised death rate; ASIR, age-standardised incidence rate; ASR, age-standardized rate.
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Estimated number of new cases in 2020, nasopharynx, both sexes, all ages
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Estimated number of deaths in 2020, nasopharynx, both sexes, all ages
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Figure 3 Global NPC disease burden pie chart for 2020 by Human Development Index region. (A) Incidence number (B) death

number.

the male ASIR approximately three times that of females
(2.2 vs 0.8 cases per 100 000 person-years, respectively).
The global death toll from NPC was estimated at 80
008, corresponding to an ASDR of 0.9 cases per 100 000
person-years. The mortality rate was also higher in males,
with 58 094 deaths compared with 21 914 in females and
corresponding ASDRs of 1.3 and 0.5 cases per 100 000
person-years, respectively (online supplemental table S1;
figure 1).

Nasopharyngeal carcinoma incidence and mortality rates
stratified by human development level

When categorised based on the HDI, a significant
majority of NPC cases and deaths are observed in coun-
tries with high HDI. These nations account for 37.32%
of the world’s population (2 909 468 000 out of 7 794
799 000) and bear a substantial burden of the disease,
comprising 69.85% of new global cases (93 153 out of 133
354) and 68.55% of the total deaths (54 850 out of 80
008; online supplemental table S2, figure S2). The ASIR
and ASDR are notably the highest in high HDI countries,
recorded at 2.5 and 1.4 cases per 100 000 person-years,
respectively. Interestingly, countries with very high HDI
exhibit the lowest ASIRs and ASDRs. In contrast, low HDI
countries show ASIRs and ASDRs that are comparable to
those seen in countries with a medium level of human
development (online supplemental table S2; figure 2).

Global distribution of NPC cases and mortality rates across
different regions

In terms of NPC cases and deaths, Eastern Asia leads
globally, accounting for approximately 49.39% of all NPC
cases (65 866 out of 133 354) and 45.56% of deaths (36
453 out of 80 008). South-Eastern Asia follows, repre-
senting 27.55% of total cases (36 747 out of 133 354)
and 30.15% of deaths (24 219 out of 80 008), with South
Central Asia comprising 6.27% of cases (8366 out of 133
354) and 7.64% of deaths (6117 out of 80 008). A consis-
tent trend across all regions indicates a higher incidence

of NPC in males compared with females (online supple-
mental table S1, S2; figure 3).

There is a significant variation in NPC incidence rates
worldwide, with a 29-fold difference in men and a striking
63-fold difference in women. The regions with the highest
ASIR in men are South-Eastern Asia (7.7), Eastern Asia
(3.9) and Micronesia/Polynesia (3.9), while the lowest
is observed in Central America (0.3). For women, the
highest ASIR is recorded in South-Eastern Asia (2.5),
followed by Eastern Asia (1.5) and Northern Africa (1.0),
with the lowest in Melanesia (less than 0.1; online supple-
mental table S1, S2; figure 3).

Similarly, the regional disparities in NPC mortality rates
are substantial, with a 36-fold variation in men and 75-fold
in women. The highest ASDR in men are found in South-
Eastern Asia (5.4), followed by Micronesia/Polynesia
(3.4) and Eastern Asia (2.0), with the lowest in Central
America (0.2). In women, South-Eastern Asia again has
the highest ASDR (1.5), followed by Eastern Asia (0.8)
and Eastern Africa (0.6), with the lowest in Melanesia
(below 0.1). Notably, there are significant gender dispar-
ities in NPC rates, with ASIRs and ASDRs being consis-
tently higher in men than in women across all regions.
The ratios of male-to-female ASIR and ASDR vary widely,
from 1.9 in both categories in Eastern Africa to as high as
11.5 and 15.5 in Melanesia, respectively (online supple-
mental table S2; figure 3).

National variations in NPC prevalence and mortality rates

When analysing NPC at the national level, China stands
as the predominant contributor globally. It accounts for
46.82% of NPC cases (62 444 out of 133 354) and 43.50%
of NPC deaths (34 810 out of 80 008). As indicated in
online supplemental table S1, China’s population consti-
tutes 18.56% of the global total (1 447 470 000 out of 7
794 799 000), and the country exhibits higher incidence
and mortality rates (ASIR and ASDR at 3.0 and 1.6 per
100 000 person-years, respectively), positioning China at
the forefront of NPC incidence and mortality worldwide
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Figure 4 Heatmap of the global burden of disease for ASIR
by nasopharyngeal carcinoma in 2020 by country and sex
(A) both sex (B) male (C) female. ASIR, age-standardised
incidence rate; ASR: age-standardized rate.
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(online supplemental table S3, S4; figure 4; online supple-
mental figure S1).

Regarding incidence rates, Brunei Darussalam records
the highest ASIR per 100 000 person-years at 13.4,
followed by the Maldives and Indonesia with an ASIR of
10.7 for men. For women, Brunei Darussalam again leads
with an ASIR of 6.4, with the Maldives (3.3) and Malaysia
(3.1) trailing (online supplemental table S3, S4; figure 4;
online supplemental figure S1).

These rates, however, exhibit remarkable regional
disparities. Within the high-risk region of South-Eastern
Asia, male ASIRs range from 3.3 in Thailand to 13.4
in Brunei Darussalam and female ASIRs vary from 1.1
in Cambodia to 6.4 in Brunei Darussalam. In terms of
mortality rates, Brunei Darussalam tops the list again
with the highest ASDR for men at 8.0 and for women at
3.4. Following Brunei are the Maldives and Indonesia for
men, each with an ASDR of 7.7, and for women, Timor-
Leste (2.3) and the Lao People’s Democratic Republic
(2.2). Within South-Eastern Asia, the ASDR per 100 000
person-years for men ranges from 2.0 in Thailand to 8.0
in Brunei Darussalam (a high-to-low ASDR ratio of 4.0),
and for women, from 0.7 in Thailand to 3.4 in Brunei
Darussalam (a high-to-low ASDR ratio of 4.9; online

supplemental table S3, S4; figure 4; online supplemental
figure S1).

The relationship between ASDR, ASIR and HDI levels across
countries globally

Our analysis also extends to the comparison between
ASDR and ASIR among countries categorised by their
HDI. Regarding incidence rates, it was observed that
countries with a higher HDI generally exhibit a higher
ASIR compared with those with lower HDI levels. A
similar pattern emerges for ASDR across different HDI
categories. Notably, European countries with a high HDI
level tend to have the lowest ASDR and ASIR, while Asian
countries record higher values in both metrics. This
consistency in the pattern between ASDR and ASIR across
HDI levels highlights significant regional disparities in
the burden of NPC disease (online supplemental table
S5, figure S2).

Projected global trends in NPG incidence and mortality rates
by 2040

Assuming a stable global incidence rate from 2020, it is
projected that by 2040, the world will witness an increase
of approximately 34.58% in new NPC cases, rising from
133 354 cases in 2020 to an estimated 179 476 cases, an
increment of 46 122 cases. Furthermore, if the incidence
rate escalates annually by 2% starting from 2020, the total
number of annual NPC cases by 2040 could more than
double. It is important to note that to ensure the number
of NPC cases in 2040 (119 710 cases) remains below the
count in 2020 (133 354 cases), a yearly decline of 2% in
mortality rates is required (online supplemental table S6,
figure S3).

In terms of mortality, assuming the 2020 death rate
remains constant, the number of deaths due to NPC is
estimated to rise by about 42.29% (an increase of 33 843
deaths from 80 008 in 2020 to 113 851 in 2040). To achieve
a reduction in NPC deaths in 2040 compared with the
estimated numbers in 2020, a consistent annual decrease
of 2% in mortality rates is essential (online supplemental
table S6).

When classified by HDI categories, it is estimated that
countries with a high HDI will experience the largest abso-
lute increase in both NPC cases and deaths. By 2040, these
countries could see an annual case increase of 26.7% (24
874 out of 93 153 cases) and a 40.15% rise in deaths (22
024 out of 54 850 deaths), assuming the incidence and
mortality rates of 2020 persist. This reflects the already
high incidence rates in high HDI countries, coupled with
their large and growing populations. However, countries
with a low HDI are predicted to have the highest relative
increases in both incidence and mortality rates, at 90.54%
(an increase from 5722 to 10 903 cases) and 95.29% (an
increase from 3996 to 7804 deaths, respectively; online
supplemental table S6, figure S4).

DISCUSSION
In 2020, the world reported approximately 133 354 new
cases of NPC, with 80 008 resulting in death. The Eastern
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Asia region, particularly China, contributed significantly
to this burden, leading to both NPC cases and deaths.
Globally, the incidence and mortality rates of NPC were
significantly higher in males than in females, with the
highest rates of both incidence and mortality found in
males and females from South-Eastern Asia and Eastern
Asia. Over the next two decades, due to population growth
and ageing alone, the global number of NPC cases and
deaths is expected to increase by more than 35%, with
the annual cases and deaths in countries with a low HDI
nearly doubling by 2040.

The changing epidemiological profile and the dispari-
ties in NPC burden across different regions and genders
can largely be attributed to variations in the prevalence
of risk factors for NPC, as well as improvements in diag-
nostic and treatment technologies.'” ** * Historical
studies indicate that the incidence and mortality rates of
NPC have significantly declined over the past few decades
in most European, North American, Eastern Asian and
South-Eastern Asian countries.”®*” The decreasing trends
in NPC incidence in Europe and North America may
be linked to reduced smoking rates, while the decline
in Eastern and South-Eastern Asia might be attributed
to decreased consumption of salted fish and preserved
foods, with mortality rates also benefiting from advances
in diagnostic and radiation therapy techniques.™

The relatively high incidence rates of NPC in Eastern
and South-Eastern Asian countries are largely associated
with high rates of EBV infection.™ * Furthermore, itis esti-
mated that China has 316 million adult smokers, making
up nearly one-third of the country’s smoking population
and accounting for 40% of the world’s tobacco consump-
tion. Thus, the considerable burden of NPC in China can
be partly attributed to its extensive tobacco consumption
and production.” * The consumption of salt-preserved
foods, which is relatively high in most Eastern Asian,
South-Eastern Asian and North African countries, may
also contribute to the significant international differ-
ences in NPC burden. Currently, screening programmes
for the EB virus are available in some high-risk areas,
but screening in healthy populations is still necessary to
avoid missed diagnoses. Individuals with a family history
of cancer need to be vigilant. Research shows that NPC
often occurs in clusters within families. It is important to
focus on screening high-risk populations and to imple-
ment measures that improve the diagnosis and treat-
ment of NPC. Additionally, patients diagnosed with NPC
should actively cooperate with their doctor’s treatment
plan. They should also focus on adjusting their diet and
lifestyle, maintaining a positive mindset and working
together to combat the disease. The higher incidence
of NPC in males across all regions can be attributed to
several factors: increased smoking rates, exposure to
secondhand smoke, higher rates of alcoholism and
more frequent occupational exposure to carcinogens
such as pesticides, coal tar and engine oil. Furthermore,
the decrease in NPC incidence among women may be
related to the protective effects of endogenous oestrogen

(4344). Research indicates that smoking can trigger the
activation of the EBV, making smoking control—partic-
ularly reducing exposure to secondhand smoke—crucial
for preventing NPC. Simultaneously, decision-makers in
various regions should enhance the prevention and inter-
vention of risk factors for NPC, improve health education
and develop targeted prevention and treatment measures
based on gender and regional differences in incidence to
reduce the overall disease burden of NPC. These efforts
aim to ultimately reduce the disease burden of NPC.

Our findings suggest that, solely due to population
growth and ageing, the global number of NPC cases
and deaths is projected to rise to 179 476 and 113 851,
respectively, by 2040. A yearly decrease of 2% in both inci-
dence and mortality rates is necessary to halt the increase
in NPC burden by 2040.”* Notably, our study indi-
cates that to reduce the future burden of NPC in coun-
tries with middle to low HDI, even greater reductions in
incidence and mortality rates are required. Given these
changes, reallocating resources for primary prevention
programmes in specific regions and countries to reduce
levels of EBV infection, smoking, consumption of salted
fish and other preserved foods and occupational expo-
sure to NPC carcinogens, along with providing more
early detection methods (such as NPC screening) and
healthcare services for high-risk populations identified by
our research, is crucial for reducing the global burden
of NPC.*® Currently, society is experiencing rapid socio-
economic development alongside an accelerating trend
of population ageing. To reduce the burden of NPC, it is
necessary to strengthen prevention and control efforts,
conduct health education on its causes and risk factors
and enhance public awareness of NPC and its prevention.

In our study, we also explored the differences in ASDR
and ASIR among countries categorised by their HDI. We
discovered that countries with a higher HDI generally
exhibit a greater burden of NPC disease, with Asian coun-
tries of high HDI facing the highest burden. This finding
suggests that in the Asian context, the burden of NPC
is not strongly correlated with economic development
or the level of healthcare but is more significantly influ-
enced by demographic and cultural factors.*”

To our knowledge, this research is the first to provide a
comprehensive overview of the current epidemiological
landscape of NPC incidence and mortality rates glob-
ally, based on the'”> GLOBOCAN 2020 data set, which is
highly relevant for cancer control and clinical practice.
The numbers and rates of NPC reported in this study
are estimated from the best available data provided by
population-based cancer registries, which have been
reviewed for completeness, coverage and accuracy.

However, several limitations are inherent in our study.
First, although our findings are based on the highest
quality data currently available, caution is needed when
interpreting the results for countries with limited cancer
registry coverage and those where national estimates
were obtained using substitute data. Second, our projec-
tions for NPC’s future burden by 2040 did not account
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for recent changes in NPC incidence and mortality rates,
nor did they consider the heterogeneity in trends across
countries. Given the global decline in NPC rates over
recent decades, our projections may overestimate the
future burden of NPC and thus, should be interpreted
with caution. Lastly, our study could not differentiate the
necessary changes in modifiable risk factors and their
consequent impact on predicted NPC incidence and
mortality rates. This indicates a need for further research
to clarify the impact of changes in exposure to modifiable
risk factors on the burden of NPC.

CONCLUSION

NPC presents a significant global public health challenge,
notably in East Asia with China as the leading contributor.
High incidence and mortality rates in men, particularly in
South-Eastern and Eastern Asia, underscore the disease’s
impact. By 2040, NPC cases and deaths are expected to
rise by over 35%, predominantly in lower HDI countries.
Research indicates that NPC primarily relates to factors
like EB virus infection, genetics and environmental
factors. Furthermore, unhealthy lifestyles, such as exces-
sive smoking, eating pickled foods and exposure to air
pollution, can also trigger this disease (PMID: 35414057)
The ongoing high prevalence of EBV infection and
smoking in specific areas demands immediate attention to
these modifiable risk factors. The elevated NPC incidence
in higher HDI countries, especially in Asia, underscores
the urgent need for effective primary prevention strate-
gies and prioritising resources for NPC prevention and
treatment in high-risk populations. This calls for targeted
interventions to address the NPC burden efficiently.
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