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Global, regional, and national mortality @
of larynx cancer from 1990 to 2021: results
from the global burden of disease study
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Abstract

Background Larynx cancer, a major upper respiratory tract malignancy, remains a global public health challenge,
driven by smoking, alcohol use, and chronic inflammation, despite medical and public health advancements.

Methods Data from the Global Burden of Disease 2021 study were used to assess larynx cancer mortality trends
from 1990 to 2021 across global, regional, and national levels. Death rates, absolute mortality numbers, and Estimated
Annual Percentage Change (EAPC) were calculated.

Results Globally, the number of deaths from larynx cancer increased by 36.67% between 1990 and 2021, while
death rates slightly declined, with an EAPC of -0.41. Males consistently accounted for the majority of deaths, with
100,393 deaths in 2021, though female mortality showed a larger percentage increase of 60.13% compared to 33.39%
in males. Significant regional disparities were evident, with the highest death rates reported in Eastern Europe and
Central Latin America, where countries like Bulgaria and Cuba recorded rates exceeding 6 per 100,000 population.

In contrast, Oceania reported the lowest rates, below 0.5 per 100,000. The elderly (75 +years) experienced the

largest increase in mortality, rising by 85.4%, while deaths among the 15-49 age group remained relatively stable.
Additionally, larynx cancer death rates were correlated with SDI.

Conclusion Despite slight declines in global death rates, the absolute burden of larynx cancer has increased due
to population growth and aging. Regional disparities emphasize the need for targeted interventions and improved
healthcare access. This study offers valuable insights for policy and resource planning.
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Introduction

Larynx cancer, as a common malignancy of the upper
respiratory tract, has long posed a serious challenge to
global public health [1, 2]. Its major risk factors include
smoking, excessive alcohol consumption, chronic inflam-
mation, and infection with human papillomavirus (HPV)
[3]. The early symptoms of larynx cancer are often subtle,
leading to many patients being diagnosed at advanced
stages, which significantly increases the complexity of
treatment and the mortality rate [4]. Despite ongoing
advancements in medical technology and public health
measures, such as early screening, treatment methods,
and improved patient survival rates, the global burden of
larynx cancer remains heavy, with significant differences
in mortality rates across regions [5].

In recent years, increasing attention has been given
to the role of HPV infection in the development of lar-
ynx cancer [6]. HPV, particularly high-risk types such as
HPV16, has been identified as a key pathogenic factor,
especially in younger populations and female patients,
with its pathogenic role becoming more evident [7, 8].
Therefore, the occurrence of larynx cancer is no lon-
ger limited to traditional risk factors, and the impact of
viral infections on its pathogenesis is increasingly signifi-
cant [3, 9]. Despite these advancements, early diagnosis
and treatment of larynx cancer continue to face numer-
ous challenges [10]. Most developing countries lack suf-
ficient medical resources, resulting in inadequate early
screening for larynx cancer, and patients are often diag-
nosed only when symptoms become apparent [11, 12].
Even in some high-income countries, the treatment of
larynx cancer still requires complex approaches such as
radiation therapy, surgical resection, and chemotherapy,
particularly for late-stage patients, where treatment out-
comes are often limited [13, 14]. As a result, the mortality
rate from larynx cancer remains high in many countries,
especially in regions such as Asia, Eastern Europe, and
Latin America [15, 16].

This study uses data from the Global Burden of Disease
(GBD) 2021 to comprehensively analyze the trends in
larynx cancer mortality from 1990 to 2021 at the global,
regional, and national levels [17, 18]. Through detailed
analysis of data from various regions and countries,
this paper aims to identify the main factors influencing
changes in larynx cancer mortality and provide valuable
support for the formulation of more precise public health
policies worldwide. In particular, targeted interventions
and resource investment in high-burden areas will be key
to reducing larynx cancer mortality.

Methods

Data source

This study utilized data from the GBD 2021 database,
which provides comprehensive data on disease burden,
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including mortality, morbidity, and risk factors, across a
wide range of regions and countries [19, 20]. The GBD
study collects data from various sources such as national
vital statistics, disease registries, and epidemiological
studies [19, 20]. For this analysis, data on larynx cancer
mortality were extracted from the GBD 2021 dataset,
spanning from 1990 to 2021. Mortality data were strati-
fied by region, country, sex, and age group, with specific
age groups of 15-49 years, 50-74 years, and 75 +years
analyzed. This allows for a detailed analysis of trends in
larynx cancer mortality across different demographics.
Due to the lack of available data for the 0—14 age group,
and considering that larynx cancer is rare in childhood
and typically associated with different etiological factors
than those in adults (such as smoking and alcohol con-
sumption), this analysis focused on the adult population
[21]. The data can be accessed through the GBD results
tool at http://ghdx.healthdata.org/gbd-results-tool.

Disease definition

Larynx cancer is defined by the International Classifica-
tion of Diseases (ICD) codes C32-C32.9 in the ICD-10,
which refer to malignant neoplasms of the larynx, includ-
ing all forms of cancer affecting this region. The cor-
responding ICD-9 codes are 161-161.9 and V10.21, the
latter indicating a history of laryngeal cancer [22]. These
codes are widely used in hospital and claims analyses
to identify and track cases of larynx cancer in clinical
records, making it possible to monitor trends in diagno-
sis, treatment, and outcomes. Larynx cancer falls under
the broader category of upper respiratory tract malignan-
cies and is primarily associated with risk factors such as
smoking, excessive alcohol consumption, and HPV infec-
tion [23]. The standardized use of ICD codes ensures
consistency in identifying larynx cancer cases across
healthcare settings, which is essential for epidemiological
studies and health policy formulation [24].

Statistical analysis

All estimates of larynx cancer deaths and cases were
accompanied by 95% uncertainty intervals (UIs) based on
the GBD framework. These Uls were derived from 1,000
iterations of data sampling, with the lower and upper
bounds corresponding to the 25th and 975th ranked val-
ues, respectively. To assess trends in larynx cancer deaths
from 1990 to 2021, the Estimated Annual Percentage
Change (EAPC) was calculated. EAPC was derived by
fitting a regression line to the natural logarithm of the
death rates over time, using the formula: y=a+px+eg,
where y represents the natural logarithm of the death
rate (In(rate)), and x is the calendar year. The EAPC itself
was then computed as: EAPC =100 x (exp(p) - 1), where
B is the slope coeflicient from the regression, and exp(p)
is the exponentiated value of B. The 95% confidence
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interval (CI) for the EAPC was derived from the regres-
sion model. An increase in death rate was indicated
if both the EAPC estimate and its lower 95% CI were
greater than zero. Conversely, a decrease was indicated if
both the upper bound of the EAPC estimate and its 95%
CI were less than zero. If neither condition was met, the
rate was considered stable.

Additionally, correlation analysis was performed to
examine the relationship between larynx cancer death
and case rates and the Socio-Demographic Index (SDI)
at global, regional, and country levels. The Pearson cor-
relation coefficient (p) was used to assess the strength
and direction of these relationships, with statistical sig-
nificance set at p<0.05. All analyses were conducted and
visualized using R software.

Results

Global trends in larynx cancer deaths

Globally, the number of larynx cancer deaths increased
significantly from 1990 to 2021, rising by 36.67% (95% UL
25-49%), from 85,790 deaths (95% UL 80,409 to 91,208)
in 1990 to 117,252 deaths (95% UI: 109,355 to 125,952)
in 2021 (Fig. 1A-C; Table 1). However, the global death
rate decreased slightly over the same period, from 1.61
per 100,000 population (95% UI: 1.51 to 1.71) in 1990 to
1.49 per 100,000 population (95% UL: 1.39 to 1.6) in 2021.
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The EAPC for the global death rate was —0.41 (95% CI:
-0.53 to -0.29) (Fig. 1D-F; Table 1), reflecting a small but
statistically significant decline over time.

Age- and sex-specific mortality trends
Males accounted for the majority of larynx cancer deaths
throughout the study period. In 2021, there were 100,393
male deaths (95% UI: 93,351 to 108,830) compared to
16,859 female deaths (95% UL 14,209 to 19,876). Despite
the higher absolute number of deaths in males, the per-
centage increase in deaths was more pronounced in
females, rising by 60.13% (95% UI: 40—99%), compared to
33.39% (95% UI: 21-46%) in males (Fig. 1A-B; Table 1).
The death rate for males decreased from 2.8 per 100,000
population (95% UL: 2.63 to 3) in 1990 to 2.54 per 100,000
population (95% UL: 2.36 to 2.75) in 2021, with an EAPC
of -0.47 (95% CI: -0.6 to -0.35). In contrast, the death rate
for females slightly increased, rising from 0.4 per 100,000
population (95% UL 0.31 to 0.44) in 1990 to 0.43 per
100,000 population (95% UI: 0.36 to 0.51) in 2021, with
an EAPC of 0.1 (95% CI: -0.02 to 0.22) (Fig. 1C; Table 1).
Larynx cancer deaths also varied significantly across
age groups. The largest increase was observed in the
75 +years age group, where deaths rose by 85.4% (95% UL
72-100%), from 15,304 deaths (95% UI: 14,143 to 16,318)
in 1990 to 28,375 deaths (95% UL 25,586 to 30,537) in
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Fig. 1 Global burden of larynx cancer deaths from 1990 to 2021 by sex and age groups. (A) Number of cases by sex (both male and female) from 1990
to 2021. (B) Percentage change in the number of cases by sex from 1990 to 2021. (C) Death rates by sex (both male and female) from 1990 to 2021. (D)
Number of cases by age group (10-14, 15-19, 20-24 years) from 1990 to 2021. (E) Percentage change in the number of cases by age group from 1990 to
2021. (F) Death rates by age group (10-14, 15-19, 20-24 years) from 1990 to 2021



Page 4 of 11

(2025) 23:76

Han et al. World Journal of Surgical Oncology

uone|ndod 0p0‘00L 42d se passaidxa si d1ey ‘I3 104 S|BAISIUI SDUIPYUOD %56 PUER ‘S3)R] PUR S3SED 10§ S|BAISIUI AJUIRIISIUN %66 D18 sasayiualed uj eleq

(95°0- 03 ¥9'0-)90-
(15'1-01 28 1-)/9' |-
Qg1 o8ll)/T L

(6£1 016970 L0L
(LT-019¢ e LE-
(81 01¢01)8LGLL

(€50 01 5E0)EVO
(lzzor16'1)80C
6 01 €T

(8957 01 01
(1596 03 ¥££8)5806

eLLc
)
(£165 01 0€TS)E65S
8)
L)

(990 01 TH'0)€S0
(LSEOEETE
(LL1OVETL)L

(6921 0 #18)¥Z0L
(ce/el 03689zl LeT'sL
(50£T 01 T6¥0)665C

eD1IJY URIRURS-QNS UIDISI
2doiN3 UIaISIMA
edlawWy une jesidos)

(P20 0} €2°0)8%0 (821 03 S9)¥006 (SrLorel'L)/et (S9LL 03 668)C0L (€€'1 0} 980)€0'L (£69 0} LS#)8€ES DLV UeJeyeS-gns uiayinos
(CS'1-03 2L 19 1~ (L-03LT)LLL- (6810185 L)L L (¢8TL 01 L£0L)9LLL (€1'€01697)88¢C (0551 0y LEEL)6TTL edURUWY UljeT uayinos
(CLovo )Ll (851 0} #8)¥T 9Ll (61'101880)L0°L (£0€8 0} 0¥719)550/ (6400} 190)2°0 (¢89¢€ 0} 1€80)79CE BISY 15B9YINOS
(€500} LT0)LED (t1 01 £5)€6'96 (teror/21)€0T (Ly8Ty 01 0/9TE)EEY L€ (€0TOM ¥ VL L (67T 03 59091)600'6 L BISY YINoS
(€100 0)90°0 (00z 93 0/)€S LTl am 001610)%C0 (S 01 90)¥€ (LE0 0} Z10)ETO (0z 03 L1)S1 BIuBDO
(£00-01€07)8L°0- (FL10YSH)89/L (87’1 0¥860)CL'L (796£ 0161 19)7669 Gm 1 01960)91'L (P9St 0} 1£T€)SE6E 1583 9|PPIA PUB Oy YLION
(LL°0-0} £6'0-)/80- Tl o vveL (€1 o18TL)LE L (£87S 03 SS5/¥)/50S (110191991 (C18F 01 €051)S89F EDLSWY YHON SWOodu-yBIH
(65°0- 0} L6'0)SL0- (S10191-)58°L- (86003 9/°0)88°0 (5181 0) €0V L)FE9L (90'L 03 ¥8°0)96'0 (£€81 01097 1)5991 dy1ded elsy dwodul-ybIH
(l-01Z€L)9lL- (P11 039€)66'99 (99003 ¥0)ZS0 (L€8T 0} 57/ 1)00TT (#8001 #5°0)69°0 (8091 01 6701)8LEL DLV Ueieyes-gns uisisey
(69'1-03G1C)T6 |- (67- 03 #7-)80°L€- (8T°€01650)16C (849 0} L9€S)EH09 am v O} LYYy (6166 0} L8T6)F096 adoin3 ui)se
(€600} £90)820 (L0103 G1)8°€S (€21 0}60'1)8€E'L (C€SST 01 10191)87€'0C (LT1 9160060 (€051 0} 6€60L)LLTEL eIy ise3
(9¥'0- 01 €6'0-)2°0- (£81 0} /¥)/810L (¢L00} It ovmm 0 (786 01 655)85/ (6003870)£90 (€67 03 197)0/€ oLV UBJEYRS-gNS [BIUSD
(85°0- 0380690 (65 O} 0)SHOY (#0'1 018016 (#£97 03 0£02)01L€C (€01 01 /60)L (6691 01 /851)SH9L eDLBWY UleT [enuad
(600 0380°0-)10°0 (S01¥1-)€0'S- Am 0} €T smo i (#9450} £/8Y)TCeES (€47 0} 9TY)8Y Y (0265 03 97€S)P09S adoung jeuaD
(80C-019¢T)TCT- (8L-019¢-)/¥ LT~ (L1 O} EEOIOL (8LLL O} 169)666 (80T 01 L6'L)66'L (CyiL 0y LzeL)8LEL BISY [ejusD
(710187 L)LEL (LE1 01 99)8%6 (85°€019970)L0€ (0021 03 #9T1)/SPL (lezorse L)zl (P18 03 069)8%/ uesqqued
(6t'1- 0169165 L~ (0L 0¥ §1)10P- (96001 5£°0)980 (67 0} €£2)99C (151019 L)LEL (S0€ 0} SST)LLT eisejelisny
(91'0- 03 790)6€ 0 (101 03 £1)S0'GS (690 0} £4°0)950 (86 01 987)/9¢ (CL0 0} ¥50)790 (¢LT 0} L0T)L€T BOLIBWY Ul uespuy
uonedo]

(P£°0- 01 €0'L-)88°0- (9L1 0¥ 8Y)8T /L :& 00120180 (P€S01 03 208/)6606 (9z10180)C0'L (PlE9 O} €EOM)EELS 1ds mo1
(190 03 8€'0)6%0 (LE1 0} 19)6E€6 (81017 1)65L (£127#€ 03 §97£0)99%'0¢€ (651 01911)9¢"L (ETH8L OV THYELPSL'SL |3S °|PPIW-MOT]
(6£:003650)690 (P01 0165)56'08 (€910} CEL)LYL (£986€ 0} L0€TEWYE'SE (FT10¥SOL)SLL (S6E1T 010/ 181)¥98'61 1S 2APPIN
(COL-03 LT LWL L- (F 01 G1-)SH'S- (801 181)66'L (#8€87 03 €79€0)068'ST (LT SYOLST (C/8T 01 2€090)78E' LT 13S 2PpPIw-YoIH
(I'l-0yegL)TT L~ (9-01G1)LF0L- (L1 oY ECL)EP' L (S/¥91 03085 1)869'G L (90T 0126'1)66'L (££081 0}91691)TCS'LL 1as YyoiH
suoibai |as

(680- 03 86'0)€60- (001 03 2/)¥'S8 (8501 01 /8'8)€8°6 (££50€ 03 98550)5/€£'8¢C (l6'€L 03 S0TLP0EL (8LE9L O} EX LY L)FOE'SL s1eak+G/
(8£'1-0}20C)6'L- (¢ 0181)9/°6C (61'G 0} S8y (#€7S8 03 1/8€/)T0L'6L (9’8 01617 /)S6'L (1£8¥9 0} GL¥/G)796'09 s1eak /-0
(9€'1- 03 8S'L-)L¥'L- (SLOY6)9C (800} £2°0)ST0 (69801 01 8688)5//6 (8600} ZE0)SE0 (71201 01 €898)€TS6 s1eak 6t-G1
aby

(¢C001200)L0 (66 01 0¥)EL'09 (15001 9€0)EH0 (9/861 016021 1)65891 (P70 0} LEO)O (€£/1103€818)850L ClEEE!
(§£°0- 01 9°0°)/¥70- (9 0} LD)6E€E (S0 98 0¥SC (0€8801 0} LGEEB)E6E00L (€01€97)8°C (L7108 03 6+£0£)29T'SL SeN
LY

(67°0-01€50) L1 0- (6 03 50)/99¢ (@1 o16g)6r L (CS65C1L 03 SSE601)TSTLLL (1L10YISL)LL (80T 16 01 60¥08)06/'S8 leqo|o
1D Ddv3 9% abueyd~sase) LZ0Z sa1ey LZ0T sased 0661 soiey 0661 sased sonisuaeIRYD

1 70T O} 066 | WO} 192Ued XUAIE| JO Spual} pue saiel yiesp [euolbal pue [eqojo | ajqeL



Han et al. World Journal of Surgical Oncology (2025) 23:76

2021. Deaths in the 50—74 years group also increased, ris-
ing by 29.76% (95% UL 18-42%) (Fig. 1D-E; Table 1). In
contrast, deaths in the 15-49 years age group remained
relatively stable, with an increase of only 2.64% (95% UL
-9-15%), from 9,523 deaths (95% UI: 8,683 to 10,212) in
1990 to 9,775 deaths (95% UL 8,898 to 10,869) in 2021
(Fig. 1E; Table 1). The death rate in this group decreased
from 0.35 per 100,000 population (95% UL 0.32 to 0.38)
in 1990 to 0.25 per 100,000 population (95% UL 0.23 to
0.28) in 2021, remaining the lowest across all age groups
(Fig. 1F; Table 1).

Regional variation in larynx cancer mortality rates
Larynx cancer mortality rates varied significantly across
regions and SDI levels from 1990 to 2021 (Fig. 2A-B;
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Table 1). In high SDI regions, such as Western Europe
and High-income Asia Pacific, the death rates declined
significantly over the study period. For instance, in high
SDI regions, the death rate decreased from 1.99 per
100,000 population (95% UL 1.92 to 2.06) in 1990 to 1.43
per 100,000 population (95% UL 1.33 to 1.51) in 2021,
with an EAPC of -1.22 (95% CI: -1.33 to -1.1) (Fig. 2A-
B; Table 1). In contrast, low and low-middle SDI regions
saw an increase in the number of deaths, despite slight
declines in death rates. For example, in low SDI regions,
the death rate decreased from 1.02 per 100,000 popula-
tion (95% UL: 0.8 to 1.26) in 1990 to 0.81 per 100,000 pop-
ulation (95% UL 0.7 to 0.94) in 2021, but the number of
deaths rose by 77.28% (95% UI: 48—116%), reflecting pop-
ulation growth and limited healthcare access (Fig. 2A-B;
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Fig. 2 Regional trends in larynx cancer deaths. (A) New cases of larynx cancer in different SDI regions from 1990 to 2021. (B) Death rates of larynx cancer
in different SDI regions from 1990 to 2021. (C) Death rates of larynx cancer by sex in 2021, globally, in SDI regions, and in geographical regions
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Table 1). Middle SDI regions, such as South Asia and
Southeast Asia, experienced increases in both death rates
and the number of deaths. The death rate in middle SDI
regions increased from 1.15 per 100,000 population (95%
UL 1.05 to 1.24) in 1990 to 1.47 per 100,000 population
(95% UI: 1.32 to 1.63) in 2021, with an EAPC of 0.69 (95%
CIL: 0.59 to 0.79) (Fig. 2A-B; Table 1).

At the regional level, the highest death rates in 2021
were observed in the Caribbean, Central Europe, and
Eastern Europe, with rates of 3.07 per 100,000 popula-
tion (95% UL 2.66 to 3.58), 4.62 per 100,000 population
(95% UI: 4.23 to 5), and 2.92 per 100,000 population (95%
UL 2.59 to 3.28), respectively. Despite a declining trend
in death rates, both Central Europe and Eastern Europe
showed significant reductions in deaths, with EAPCs
of 0.01 (95% CI: -0.08 to 0.09) and —1.92 (95% CIL: -2.15
to -1.69), respectively (Fig. 2C; Table 1). In contrast,
the lowest death rates in 2021 were recorded in Eastern
Sub-Saharan Africa, Oceania, and Western Sub-Saharan
Africa, with rates of 0.52 per 100,000 population (95% UTI:
0.4 to 0.66), 0.24 per 100,000 population (95% UI: 0.19 to
0.32), and 0.43 per 100,000 population (95% UI: 0.35 to
0.52), respectively (Fig. 2C; Table 1). These regions expe-
rienced either stable or modest declines in death rates
over the study period, reflecting challenges in healthcare
access and prevention efforts.

Country-level differences in larynx cancer deaths
Significant country-level differences in larynx cancer
deaths were observed between 1990 and 2021. India,
China, and the United States reported the highest num-
ber of deaths in 2021, with cases reaching 28,330 (95%
UL 24,664 to 32,829), 19,799 (95% UL 15,580 to 25,023),
and 4,620 (95% UL 4,340 to 4,836), respectively. Other
countries with notably high case numbers included
Brazil, with 5,497 deaths (95% UI: 5,144 to 5,812), and
Pakistan, with 5,617 deaths (95% UI 4,106 to 7,453)
(Supplementary Table S1). These countries collectively
accounted for a substantial proportion of global larynx
cancer deaths due to their large populations. In contrast,
several smaller nations, such as Niue, Cook Islands, and
American Samoa, reported fewer than 10 deaths annu-
ally, reflecting their small population sizes and lower
overall burden of disease (Supplementary Table S1).
Interestingly, some countries with a smaller population
demonstrated rapid increases in death rates. For exam-
ple, Timor-Leste and Togo saw dramatic increases in
deaths by 183.7% (95% UL 95.71-320.65%) and 289.8%
(95% UI: 156.41-473.24%), respectively, highlighting the
rising burden of larynx cancer in low-resource settings
(Fig. 3A and Supplementary Table S1). This underscores
the importance of targeted prevention and control strate-
gies in these regions.
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Despite the high absolute number of deaths, trends in
death rates varied across countries. For example, coun-
tries such as India, China, and Vietnam experienced
a significant increase in deaths, with India showing a
100.9% rise (95% UL 57.89-149.21%) and an EAPC of
0.50 (Fig. 3A-C and Supplementary Table S1). Similarly,
Vietnam reported a 163.4% increase in deaths (95% UI:
81.17-279.16%), with an EAPC of 2.00. In contrast,
countries like Kazakhstan, Belgium, and Russia experi-
enced notable reductions in larynx cancer deaths, with
EAPCs of -3.37, -2.45, and - 2.02, respectively (Fig. 3A-C
and Supplementary Table S1). The steepest decline was
observed in Kazakhstan, where deaths dropped by 48.1%
(95% UL -55.73% to -38.90%) from 1990 to 2021 (Fig. 3A
and Supplementary Table S1).

Countries with the highest death rates in 2021 were
predominantly located in Eastern Europe and Central
Latin America. Bulgaria (6.20 per 100,000 population),
Cuba (8.17 per 100,000 population), Monaco (7.90 per
100,000 population), Montenegro (7.42 per 100,000
population), and Romania (5.54 per 100,000 population)
recorded the highest rates (Fig. 3B and Supplementary
Table S1). These elevated rates reflect the persistence of
major risk factors, such as tobacco and alcohol consump-
tion, in these regions. In contrast, countries in Oceania,
such as Fiji, Vanuatu, and Kiribati, had the lowest death
rates, all below 0.5 per 100,000 population (Fig. 3B and
Supplementary Table S1), reflecting potentially different
epidemiological patterns and risk factor exposure.

Correlation with SDI

The correlation analysis highlighted significant relation-
ships between larynx cancer deaths and the SDI across
various levels. At the global level, a moderate positive
correlation was observed between EAPC and death rates
in 1990 (p=0.233, P<0.001), indicating that regions with
higher initial death rates experienced slower declines in
mortality trends over time (Fig. 4A). A weaker but signifi-
cant positive correlation was also found between EAPC
and SDI in 2021 (p=0.151, P=0.031), suggesting that
socio-economic development plays a role in shaping the
temporal trends of larynx cancer mortality (Fig. 4B). At
the regional level, a strong positive correlation (p =0.424,
P<0.001) was identified between death rates and SDI in
2021, with regions such as Central Latin America and
Eastern Europe, characterized by moderate SDI values,
exhibiting the highest death rates. This pattern likely
reflects the persistence of major risk factors, such as
tobacco and alcohol consumption, in these socio-eco-
nomic settings (Fig. 4C). At the national level, a similar
trend was evident, with a moderate positive correlation
(p=0.396, P<0.001) between death rates and SDI in
2021. Countries with medium-to-high SDI values gener-
ally reported higher death rates compared to those with



Han et al. World Journal of Surgical Oncology (2025) 23:76 Page 7 of 11

Change in cases
<-23%
-23% to <-3%
-3% to <31%
31% to <56%
56% to <87%
87% to <104%
104% to <147%
147% to <352%

Death rate per 100,000 population,

<0.41

0.411t0<0.53

0.53 to <0.7

0.7 to <0.92

0.92 to <1.32

1.32t0 <1.88

1.88 to <2.96

2.96 to <8.17

EAPC in rates from 1990 to 2021

3
I 2
1
[

-1
I K
-3

Fig. 3 Global distribution of larynx cancer deaths in 204 countries. (A) Larynx cancer death rates by country in 2021. (B) Percentage change in larynx
cancer deaths across countries from 1990 to 2021. (C) EAPC of larynx cancer deaths from 1990 to 2021
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very low or very high SDI values, reflecting differences in
lifestyle risk factors, healthcare access, and disease detec-
tion rates (Fig. 4D). These findings underscore the com-
plex interplay between socio-economic development and
larynx cancer mortality patterns.

Discussion

Larynx cancer continues to be a major global public
health concern, with significant disparities in mortality
trends across regions and countries [25, 26]. This study
provides a detailed analysis of larynx cancer mortal-
ity from 1990 to 2021 using data from the GBD 2021,
revealing critical insights into the patterns and determi-
nants of this disease. Despite advancements in medical

technologies, public health interventions, and increased
awareness of modifiable risk factors, such as smoking
and alcohol consumption, the global burden of larynx
cancer remains significant [27, 28]. While the overall
global death rate has slightly declined over the last three
decades, the absolute number of deaths has increased
substantially due to population growth and aging, high-
lighting the persistent challenges in controlling this
malignancy.

The uneven trends in larynx cancer mortality reflect
regional and country-level disparities driven by socio-
economiic, cultural, and healthcare factors. High-income
countries have demonstrated substantial progress in
reducing mortality, largely attributable to effective public
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health campaigns, improved access to healthcare, and
advancements in early detection and treatment technolo-
gies [29]. For instance, countries in Western Europe and
High-income Asia Pacific experienced significant reduc-
tions in death rates, supported by declining smoking
prevalence and improvements in cancer care infrastruc-
ture [30]. However, despite the quality-of-life benefits
of chemoradiation, studies have raised concerns about
its long-term oncological efficacy, with mixed results
regarding survival rates compared to traditional surgical
methods like total laryngectomy [31, 32]. Regions such
as Eastern Europe, Central Latin America, and parts of
Asia continue to report high mortality rates. Notably,
countries like Bulgaria, Cuba, and Romania had the high-
est death rates in 2021, reflecting the sustained impact of
risk factors like smoking and alcohol consumption, com-
pounded by limited access to advanced treatments like
chemoradiation and early detection technologies [32].
Conversely, Oceania exhibited some of the lowest death
rates, suggesting variations in risk factor exposure and
disease patterns.

At the national level, populous countries like India and
China contributed significantly to the global burden of
laryngeal cancer, with over 48,000 deaths collectively in
2021. However, trends in laryngeal cancer mortality dif-
fer from those of other head and neck cancers, such as
oral cavity and pharyngeal cancers [33, 34]. While the
incidence of HPV-related oropharyngeal cancers has
risen in high-income regions like the US and Western
Europe, contributing to a decline in mortality, laryn-
geal cancer remains primarily driven by smoking and
alcohol consumption, showing only modest improve-
ments in death rates [35]. Moreover, early detection and
advancements in treatment for oral cavity and pharyn-
geal cancers have resulted in more significant declines in
mortality compared to laryngeal cancer [36]. In contrast,
smaller nations like Timor-Leste and Togo, despite their
limited populations, have seen rapid increases in mortal-
ity from both laryngeal and other head and neck cancers
due to high smoking rates and limited access to health-
care. These trends highlight the need for tailored public
health interventions that address both traditional risk
factors, such as smoking, and emerging factors like HPV
in different regions.

Emerging research highlights the role of HPV infection
in larynx cancer pathogenesis, particularly in younger
populations and female patients [37, 38]. High-risk HPV
subtypes, such as HPV16, are increasingly recognized as
key etiological factors, shifting the understanding of lar-
ynx cancer from traditional risk factors alone to a more
complex interplay of viral and environmental factors [37,
39]. This shift underscores the importance of integrat-
ing HPV vaccination into public health strategies aimed
at reducing the incidence and mortality of larynx cancer
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[39, 40]. Furthermore, advancements in genomic and
molecular profiling have provided deeper insights into
the biological mechanisms underlying larynx cancer, pav-
ing the way for the development of targeted therapies and
precision medicine approaches [41, 42]. It is worth not-
ing that in regions with high laryngeal cancer mortality,
such as Brazil, smoking remains the primary risk factor,
and the contribution of HPV to laryngeal cancer is lim-
ited. In contrast, HPV-related oropharyngeal cancers,
typically occurring in younger individuals, tend to have
a better prognosis [43]. This regional disparity under-
scores the need for targeted prevention and treatment
strategies based on the dominant risk factors in different
populations.

While our analysis primarily focused on mortality
rates, it is important to note that other epidemiologi-
cal indicators, such as incidence and prevalence, could
provide a more comprehensive evaluation of the disease
burden. Regions with high mortality rates may also show
significant differences in incidence and prevalence, which
could reflect disparities in healthcare access, early detec-
tion, and risk factor exposure. Utilizing a broader range
of epidemiological metrics, including incidence, preva-
lence, and disability-adjusted life years (DALYs), could
offer deeper insights into the global disparities in larynx
cancer outcomes and better inform strategies to improve
healthcare access and treatment in high-burden regions.

Age and sex remain critical determinants of larynx can-
cer mortality [44]. While males consistently account for
the majority of deaths, the percentage increase in female
mortality suggests a shift in risk factor exposure, possi-
bly due to rising smoking prevalence among women in
certain regions [27, 29]. The disproportionate increase
in deaths among older adults (75 +years) highlights the
impact of population aging and cumulative exposure to
carcinogens, whereas the stable trends in younger age
groups reflect the comparatively lower burden in these
populations [45, 46]. These findings call for age-specific
and sex-specific public health interventions to address
the unique needs of different demographic groups.
Although this study is limited by the reliance on second-
ary data from the GBD study and may not fully capture
regional variations or recent healthcare trends, with simi-
lar limitations as other GBD studies [19, 26, 47, 48], its
strengths lie in its comprehensive analysis of long-term
trends across multiple regions and demographics, offer-
ing valuable insights for targeted public health strategies
worldwide.

Conclusions

In conclusion, larynx cancer remains a significant global
health challenge with marked disparities across regions
and countries. Although global death rates have shown a
slight decline, the absolute number of deaths continues to
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increase, particularly in regions like Eastern Europe and
Central Latin America, due to persistent risk factors such
as smoking and alcohol consumption. Addressing these
disparities requires targeted public health interventions,
improved healthcare access, and strengthened preven-
tion and control strategies to reduce the burden of larynx
cancer worldwide.
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