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ABSTRACT

Background: The rising global incidence of head and neck cancer imposes a growing burden on health systems. However, com-
prehensive analysis of mortality trends, particularly age, period, and cohort effects, remains limited.

Objective: This study aims to evaluate head and neck cancer mortality trends in China from 1990 to 2019, with a focus on age,
period, and cohort effects.

Methods: A secondary data analysis was conducted using data from the Global Burden of Disease Study, focusing on the Chinese
population aged 20 years and older. The cancers examined included those of the lip—oral cavity, nasopharynx, other pharynx, lar-
ynx, and thyroid. Mortality data, including death numbers and age-standardized rates, were analyzed using joinpoint regression
and age-period-cohort analysis to identify trends.

Results: The study revealed that from 1990 to 2019, the age-standardized mortality rate for head and neck cancer in China de-
creased more significantly than the global average. Although the overall trend in China showed a decrease, there were sporadic
increases, especially among males. In contrast, females exhibited a more consistent decline. The age—period-cohort analysis
demonstrated increasing mortality with age, decreasing mortality over successive periods, and fluctuating cohort effects, with a
marked decrease for cohorts born after 1930.

Conclusion: Overall, the mortality rate for head and neck cancer in China is declining, with age being a significant risk factor
for mortality, and earlier-born cohorts facing higher risks. Continuous monitoring is essential to understand the impact of evolv-

ing clinical practice guidelines on the mortality of head and neck cancer.

1 | Introduction

Head and neck cancer (HNC) ranks as the seventh most com-
mon cancer worldwide [1], comprising subtypes like lip-oral
cavity cancer (LOC), nasopharynx cancer (NPC), other pharynx
cancer (OPC), larynx cancer (LC), and thyroid cancer (TC) [2].
These subtypes pose distinct challenges in otolaryngology head
and neck surgery. In 2020, over 930000 new HNC cases were
diagnosed globally, with China accounting for about 15% [3].

Subtle early symptoms complicate HNC detection, often result-
ing in late-stage diagnosis [4, 5]. Despite advances in treatment
combining surgery, radiotherapy, and chemotherapy, the 5-year
survival rate remains around 50% [6]. HNC also imposes a signif-
icant economic burden on the healthcare system. For instance, in
the United States, the economic burden rose from approximately
$976million [7] in 2001 to $3.64billion [8] in 2010. Therefore, un-
derstanding mortality trends is crucial for evaluating public health
interventions and formulating strategies to reduce this burden.
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Current research on HNC mortality trends is limited, often
confined to age-specific incidence or mortality rates, lacking
detailed analysis of age, period, and cohort interactions. This
study aims to bridge this gap using the Joinpoint Regression
(JPR) model and age-period-cohort analysis. JPR identifies
“joinpoints” in data to depict trend shifts [9], whereas age—pe-
riod-cohort distinguishes mortality risks across generations and
time periods [10, 11], reflecting public health policy impacts and
healthcare advancements.

Utilizing data from the Global Burden of Disease (GBD) study
2019, this research employs JPR and age-period—-cohort analy-
ses to examine HNC mortality trends in China comprehensively.
The findings aim to inform academic discourse and guide pol-
icymakers and healthcare professionals in mitigating HNC
mortality.

2 | Methods
2.1 | Data Sources

Death numbers and age-standardized mortality rate (ASMR)
for HNC in China and globally from 1990 to 2019, as well as
the corresponding age-specific population data, were obtained
from the GBD database (available from https://vizhub.healt
hdata.org/gbd-results/) [12], provided by the Institute for
Health Metrics and Evaluation at the University of Washington.
The GBD database, which assessed the disease burden caused
by 369 diseases and injuries across 204 countries and regions,
utilized multiple global data sources and specific models for
its calculations [13]. Mortality data, gathered from vital reg-
istration, verbal autopsy reports, and surveillance sources,
were integrated into the GBD cause-of-death database [14].
Subsequently, these data underwent Bayesian meta-regression
analysis using the DisMod-MR 2.19 tool, which adjusts for bias
and generates disease estimates with 95% uncertainty inter-
vals (UTs) [13, 15]. This study adhered to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline [16].

Previous publications described the exact GBD methods in
greater detail [13, 17]. This research included five types of HNC:
LOC, NPC, OPC, LC, and TC. The International Classification
of Diseases 10th Revision codes (ICD-10) were as follows:
LOC (C00-C08.9, D10.0-D10.5, and D11-D11.9), NPC (C11-
C11.9 and D10.6), OPC (C09-C10.9, C12-C13.9, and D10.7),
LC (C32-C32.9, D02.0, D14.1, and D38.0), and TC (C73-C73.9,
D09.3, D09.8, D34-D34.9, and D44.0) [18]. The data were age-
standardized using the GBD standard population to ensure
comparability across different populations. Considering the
comparatively low mortality rates of HNC among individuals
under 20years old in China, and the relatively small population
percentage over 85years old, coupled with the high prevalence
of comorbidities in this latter age group, interventions targeting
these age brackets tend to be less efficacious. Consequently, this
study excluded data pertaining to individuals below 20years of
age and consolidated data for those over 85years old. Ultimately,
14 age groups were included in the analysis. For trend analysis,
the ASMRs for HNC were log-transformed to meet the assump-
tions of the JPR model.

2.2 | JPR Analysis

The JPR model [9], developed by the National Cancer Institute,
was utilized to analyze the temporal trends of ASMR for HNC
from 1990 to 2019. This model segments the long-term trend of
the disease into distinct phases based on its distribution charac-
teristics, fitting a log-linear model to the data [19]. The intersec-
tions of these segments, termed joinpoints, are identified using
the Monte Carlo permutation test method [9], which determines
their location, number, and statistical significance. The model's
equation is expressed as: E(ylx)=g,+ ;X +0,(x—7)*+---+ 3, (x-
—7,)* [9, 20]. Here, y denotes the HNC mortality rate, x rep-
resents the observation year, § is the constant term, & are the
regression coefficients for each segment function (i=1, 2, 3...k),
and 7 represents the joinpoints (i=1, 2, 3...k). The term (x—7,)* is
defined as (x—7,) when (x-7,) >0, and 0 otherwise.

The analysis estimated the annual percentage change (APC) for
each segment and the average APC (AAPC) across the entire
study period. APC and AAPC were presented alongside their
95% confidence intervals (CIs) to evaluate the magnitude and
direction of the trends.

2.3 | Age-Period-Cohort Analysis

The age-period-cohort analysis was used to assess the influence
of age, period, and cohort effects on the mortality rate of HNC.
Leveraging the Poisson distribution, this method enhances tra-
ditional descriptive analysis by decomposing the analysis vari-
able into age, period, and cohort dimensions [21, 22]. It serves
as a pivotal tool in demography and epidemiology for analyzing
trends in chronic disease incidence and mortality rates and for
forecasting future disease burden shifts [23]. Our study concen-
trated on estimating net drift, longitudinal age curve, period,
and cohort rate ratios (RRs). Net drift reflects the APC in ex-
pected age-adjusted rates, whereas the longitudinal age curve
represents age-specific rates adjusted for cohort and period ef-
fects. Period and cohort RRs are the relative risks for each period
or cohort, adjusted for age and nonlinear effects, compared to a
reference period or cohort [24, 25]. The Wald y? test was applied
to determine the significance of age, period, and cohort effects.

2.4 | Statistical Analysis

Data analysis was conducted from January 10 to March 15, 2024.
The Joinpoint Regression Program software (Version 5.0.2, May
2023) was utilized to fit the JPR model to the ASMR for male
and female HNC populations. The JPR model identifies shifts in
the ASMR trends over time, with an APC less than 0 indicating
a decreasing mortality rate, an APC greater than 0 indicating
an increase, and an APC equal to AAPC suggesting a consistent
trend. The age-period—cohort web tool [26] was employed for
age—period-cohort analysis [24], and R software (Version 4.3.1)
facilitated data visualization. Subjects were categorized into 14
age groups at 5-year intervals. To meet the age—period—-cohort
model's requirements, the study period was divided into six 5-
year intervals, and the birth cohorts were segmented into 19
groups spanning from 1905 to 1995. All statistical tests were
two-sided, with a significance level set at «=0.05.
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2.5 | Ethical Considerations

The present study constitutes a secondary analysis of de-
identified data, which is publicly accessible from the GBD
study 2019, approved by the Institutional Review Board of the
University of Washington. The original data collection was
performed with informed consent or with a waiver from the
Institutional Review Board. In line with the data use agreement
from the Institute for Health Metrics and Evaluation, no addi-
tional ethical approval was necessitated for this analysis.

3 | Results
3.1 | Trend

The estimated number of deaths and ASMR between 1990 and
2019 in China, stratified by sex, are demonstrated in Table 1, com-
pared to the global level. In 2019, the number of deaths from HNC
was 84385.4(95% UI:69996.1,100582) in China and 554 146.3 (95%
UI: 506478.1, 603296.3) cases globally, respectively. Meanwhile,
ASMRs were 4.27 (95% UT: 3.56, 5.06) in China and 6.74 (95% UT:
6.16, 7.33) globally. Between 1990 and 2019, the ASMR of HNC in
China decreased by 28.87% (95% CI: —31.54%, —26.29%), whereas
it decreased by 12.86% (95% CI: —15%, —11.45%) globally. When an-
alyzed by sex, the drop of ASMR in China was higher in females
than in males, in contrast to the global level. Examining specific
cancer types, the ASMR for NPC, OPC, LC, and TC all showed
a declining trend, whereas LOC exhibited an increasing trend.
Interestingly, in the cases of LOC and TC, the ASMR trends for
males and females were opposite, with a significant upward trend
for males and a downward trend for females.

3.2 | JPR Analysis

The temporal trends in ASMR for HNCs in China are pre-
sented in Table 2. Downward trends from 1990 to 2019 are
shown (AAPC=-1.21%). The ASMR of HNC significantly de-
clined initially (APC,g0 109,=—2.01%, APC, g9, 5000=—0.63%
APC g7 5000=—1.60%), then shifted to an upward trend
(APC,); 5017 =0.61%), and finally reverted to a downward
trend (APC,;; 5010=—1.30%). When analyzed by sex, sim-
ilar to the global trend, the ASMR underwent three de-
clines  (APC 490 1996==1.39%, APC g0¢ 007=—0.78%, and
APCy 15 501o=—1.39%) and a brief increase midway
(APC, ), 501, =1.63%) among male. Meanwhile, the ASMR under-
went six declines (APC,gg0_199,=—2.33%, APC o, 109,=—4.07%,
APC g9 2090=—1.30%,  APCyy50 5007==3.26%, APC,y; 1515=
—2.43%, and APC, . ,,;o=—0.73%) among females.

3.3 | Age-Period-Cohort Analysis
3.3.1 | The Net Drift

We further calculated net drifts using the age-period-cohort
analysis, as shown in Table S1. From 1990 to 2019, the overall
age-adjusted HNC mortality rates decreased by —1.62% (95% CI:
—1.75, —1.49) per year. Moreover, the decline in mortality rates
was significantly greater among females [-3.34% (95% CI: —3.55,

—3.12)] than males [-1.37% (95% CI: —1.63, —1.10)]. When ex-
amining the data from each HNC anatomical site, NPC [-2.82%
(95% CI: —2.95, —2.69)], OPC [-1.63% (95% CI: —1.86, —1.42)], LC
[—1.84% (95% CI: —2.04, —1.64)], and TC [—0.63% (95% CI: —0.85,
—0.41)] were consistent with the overall data, showing a decline.
However, LOC [0.92% (95% CI: 0.76, 1.08)] demonstrated an op-
posing trend, with an increase observed.

3.3.2 | The Age Effects

The longitudinal age curves of HNC mortality in China are
illustrated in Figure 1. After adjusting for period effects and
birth cohort effects, the mortality rate for HNC in China ex-
hibits a monotonic increasing trend. The rate escalates from
0.76 per 100000 (95% CI: 0.73, 0.95) in the 20-25 age group
to 40.41 per 100000 (95% CI: 38.09, 42.86) in the over 85 age
group. The increase is more pronounced in males, rising from
0.40 per 100000 (95% CI: 0.66, 0.89) in the 20-25 age group
to 94.60 per 100000 (95% CI: 88.38, 101.26) in the over 85
age group. Similarly, female HNC mortality rates also show
an upward trend, but the increase is more gradual compared
to males, moving from 1.20 per 100000 (95% CI: 0.98, 1.47)
in the 20-25 age group to 15.37 per 100000 (95% CI: 13.94,
16.95) in the over 85 age group. Analyzing the data from var-
ious anatomical sites, the largest increase in mortality rates
is observed in LOC, which surged from 0.05 per 100000 (95%
CIL: 0.04, 0.06) to 25.41 per 100000 (95% CI: 23.94, 26.99).
Conversely, OPC exhibited the smallest growth, rising from
0.03 per 100000 (95% CI: 0.03, 0.04) to 2.42 per 100000 (95%
CI: 2.21, 2.64).

3.3.3 | The Period Effects

Figure 2 shows the estimated period effects of the mortality
of HNC in China. Using the period from 2000 to 2005 as a
reference, the period effect on the mortality rate of HNC in
China has been declining annually. The rate decreased from
1.26 per 100000 (95% CI: 1.22, 1.30) in the period from 1990
to 1995 to 0.83 per 100000 (95% CI: 0.80, 0.85) in the period
from 2015 to 2019. The decline was less pronounced in males,
from 1.18 per 100000 (95% CI: 1.14, 1.23) to 0.92 per 100000
(95% CI: 0.89, 0.95), and more substantial in females, from
1.46 per 100000 (95% CI: 1.38, 1.54) to 0.64 per 100000 (95%
CI: 0.60, 0.67). When considering individual anatomical sites,
NPC, OPC, and LC followed a similar downward trend as the
overall tendency. In contrast, LOC and TC experienced an in-
terim increase before returning to a downward trend in the
2010-2015 period.

3.3.4 | The Cohort Effects

Figure 3 shows the estimated cohort effects of the mortality of
HNC in China. Throughout the entire birth cohort, the cohort
effect on the mortality rate of HNC exhibited minor fluctuations
after reaching a peak of 1.28 (95% CI: 1.10, 1.49) in 1905, fol-
lowed by a gradual decline starting in 1930, and reaching the
lowest point of 0.28 (95% CI: 0.19, 0.41) in 1995. The cohort ef-
fect in males showed a similar pattern, with small fluctuations

30f12



(senunuo))
(61'L1— 03 (890 (L'sze6T (z8°0 (¢0seLT (Clags (ss0 (T'zveoe 810 (r'86v8 (6v'L— (190 (€'sLL8Y 990 (LLzese
S8°LI-) -65°0) ~$'81LET) -99°0) -020+1) 03 LEHT) -9%°0) -9'1Z891) -¥'0) -1'6£69) 0} £8-) -15°0) -9'68CTt) -95°0) -8'€SS10)
S9pI— 790 8°0¥69C €L°0 LOLEST £8°91 15°0 T°6€981 €70 L'S65L 167~ LS°0 9LS ¥ 90 $'9962¢ oL
(6812~ (s1e- (vL'6T—
03 (sv'0 (628961 (850 (¢08zet 0} (86'C (Tzesyit (sev (6'0596L 0 (191 (r'86LTET (6T (605516
20'92-) -L£°0) -$8191) -5'0) =-6'79901) 99°6¢-) -+$0) —6'¥SLL6) ~16°¢) -$'1€02TL) L0'€E-) -6€°T) ¥ IP6Y1T) -80'7) -9°181¢€8)
8LYT— 0 T°008L1 ¥S°0 L'8TSTI 78°¢E— vL'T §°65SS0T ST'¥ 6'676SL 9 1€~ 6t'1 9°65€€TT 61°C 9'8SYL8 o1
(¢z610€ (€90 (st (9°€5986 (sze (9'6zecr (st (¥'6£09C1T (Le'1 (8'95t9¢
(LSL0y  (L0-T50)  -+'81STT) -61°0) -1'20901) (6T'TT0)  (ST-86'T)  —-S°IS6LL) -98°'T) -1°€665¢€) (€001 03 -$T'T) -9°¢STE0T) -LT'T) —~9'€L6LY)
6C°S) L0'9 90 $6819¢ LSO 9'6LTT1 71°9)99'6 £T°C L1088 ¥0°T 6'6L16E 96'S) SS°6 LE'T L'90THTT ST'1 9°6SH1S 0dO
(e ev— (€0°sT— Qr1E-
0} (€s'0 (LLLee ¥6'0 (s'szLot 03 (ev'1 (6'0569S (Ls168¢ 03 (€60 (9veoLL (og'1 (6°506LS
9T 0v—) 4] -9S181) -1L0) -9'896ST) 'sT) -ST'T) -T's96Sh)  (6T-SST) ¥ IPETE) 84" 1€-) -6L°0) —Th1S9) -ST'T) -8'vL88Y)
€6'Th— L0 S°L8E0T £8°0 LY€81T 85°6T— 8T'1 €TTIS Ll 8 TTISE SETE- 98°0 S0T91L 9’1 8°85ES JdN
(L9°71 (6'7S9SL (9°ev81€ (6€v— (LLe (09t S¥1 (s6'¢ (6'6%0€L (6S'T 03 (99°C (9'85081¢ (Ch4 (105001
0} I€°L) LT-¥'1) —-$'78L09) @s1-¢'1) -1'C0€LT) 0y LLL—) -90°¢) —€00LLTIT) -7€°¢) -S°LETT9) 15°C-) -77'0) —-S'IS918T) -87°0) —€'76506)
LE0T 96°1 8°9€8L9 T 6'7£96¢ 68°G— e L09STET €9°¢ 9'¥6699 £0°0 9T 9°'L6£661 v $°LT996 201
(16'8— 03 (T6€6LLL (€296 (sTet— (cT1t (L88ser (¢6'CT ((A442344 (11— (€L (€'962€09 (Les (€ 16THEE
1TT1-)  (TP-92€)  -T6SEWD)  (SP-L9°€) -9°GS18L) 0} €0°LT-) -61'6) ~$'€6195€) ~LO'TT) ~9°T¥SLOT) 016T-) -91'9) -1'8L¥905) -¥T'L) -1'9L1267)
61°01— L9°€ 8'7ST6ST 801 6STLS P61 81°01 S 16676¢ L6'TT 6'118%2C 98°CI— ¥L'9 € 9THSS €LL 6'0L611E [[eIAQ  [BQO[D
((5e) an (1N %Se6) U (In (1N %Se6) u (o an (1IN %Se6) U an (1IN %Se6) U (0} an (IN %S6) U (In (1IN %S6) u J[qerrep
%S6) %U %S6) U ‘sIPquInu %S6) U ‘sIIqUINU %S6) %U %S6) U ‘sIaquInu %S6) U ‘sIaquInu %S6) %U %S6) U ‘sIaquinu %S6) U ‘sIaquInu
ANSV ‘000001 yeaq 000001 yreaq “AINSV ‘000001 yreaq ‘000001 yreaq YISV ‘000001 yreaq ‘000001 yreaq
ur xad xod ur xad xad ur xad xad
Jdueyp ANSV ANSY a8ueyp ANSV ANSV adueyp ANSV ANSVY
% % %
6102 610C 0661 610C 6102 0661 6102 6102 0661
-0661 -0661 -0661
drewrdq Je]N SI9X3s yjog

'610C 01 066T WOIJ I9JUED JO9U pue peay Jo sajel Ajijeliow pazipiepuels-age pue uonendod yjeaq | T ATAVL

Cancer Reports, 2025

40f 12



‘TRAIIUT AJUTRIIDOUN ‘T[] $190URD PIOIAY) ‘D, (190ued Xukreyd 19730 ‘D JQ 1ooued xukreydoseu ‘DJN I00ued £31aed Tero—di] ‘D QT 19oued XUAIe] )T {TRAISIUT 9OUIPIFUOD ‘I ‘91l AJITe)I0W pazIpIepue)s-oe “YNSV :SUOTIRIAIQQY

F0o+1—
(8'07— 03 (80 (8'8SLE (€90 (L0892 (€06 *9°0 (€S (€30] (Trest 0} [(S0] (¢'9L¥8 (€s0 (Testy
S TH—) -¥27°0) ~€°S6€7) -1t°0) ~L"0TLT) 0} €6°L€) -¥°0) ~¥'8L1¢€) -62°0) -8°€001) TS°TI-) -7€°0) -6'1109) -L€°0) -$'1987)
10°65— €0 LT0E S0 680C S9'8¥ 750 11Ty S€0 8°6TC1 €9°L— 6€°0 T'6£TL w0 8'81€E oL
(¢ er— (L9'81—
03 (eseiy (teo (z000¢g 0] (tee (r'1€L0T (eLe (T'L8¥01 (Cagaltl Tzt (918 (eseeet
99'8%—)  (+'0-LT°0) ~L'8€LT) -75°0) ~SLLIT) STvT-) ~L¥'T) ~-$'S6HET) -$6'T) -¥'yieL) 88°67—) -68°0) ~7'79L91) O 1-12°1) -6¥86)
£0°9%— €0 SLIYE 790 S'€6ST €1'CT— 8’1 TLESIT ve'T 6’1068 8t'LT— 701 L¥ST0T 1 'S6vTT o1
LT = (At (9L°81—
0 (ero (ze0z1 (T998 0 o (98¢€L5 (690 (679992 0} (G (T€L9 (tr'o (rseve
81°9v—) -80°0) ~L'68L) (T0-+T1°0) -9°209) S TT-) -8€°0) ~L'9%5¢€) -6¥°0) -8°658T) LELT-) -€2°0) -6'€£Sh) -1€°0) -7°5957)
8T Eh— 10 £€66 LTO 8IEL S8°91— 640 1,65t 85°0 1°852¢ 6v'CT— 8C°0 $°065S 9¢°0 66867 2dO
(evr'e9— (€Lov— (LL'8Y—
0} (680 (1°9¢06 (tre (L610T1 [ (¥'99¥9C (ssv (s'ecLoT 0} 691 (T°990t¢ (¥'8Lzog
$1°59-) -95°0) -T'¥0LS) -19°1) -182L) 8L'Sy—)  (LT-LT) -8'%L99T) -12°€) -9'T0EPT) 81°75—) -61'T) -08L€7) (€¢-150) —TLLTT)
LEH9— TLo £01EL 10T £EPI6 1reh— TT THYEIT 98¢ 8'LTPLT 80— 3 $6598¢ 6C T°1LS9T 2dN
(8'cz— 03 (190 (69119 (T1ege (8599 (¢°L681C (2t (L'9rPs (6T°c€ (8¢'1 (LLoLe (€01 (6°L5¢€8
£6'87-) 0] -5'850%) (8°0-L5°0) ~$'§5€7) 03168°SS)  (bZ-6ST)  -9°€60¥1D) -20'1) -TvTLe) 03 L£°07) -86'0) -1'80681) -18°0) -9'LEV9)
$9°97— S0 8°€€0S 690 9°7€8T $€°6S S6'T 809L1T €T'1 LOLSY 6L'ST 9T'T L'T¥92T 760 TE0PL 0071
(r8'6v— (zoe1— (6292~
0} (6€'C (6'9tTre Ly (8',680C 0} (ss'8 (5,008 (€86 (¥'85801 0} (90's (285001 (L89 (6'c16S
T€TS) -GS 1) —€£°989ST) -92°¢) ~T'LTTPT) 1L61-) -85°6) -6'8860S) -$6'9) -6'€€187) $S1E-) -95°€) -1'96669) -7S) -€'S811h)
96'05— 96'1 6'18L61 66'¢ T'06€LT $S°91— 86'9 S'€09%9 9¢'8 T'88¢EPE L8°8T— LTV ¥'S8EH8 109 v8LLIS [[elAQ  euly)d
(1o an (1N %Se6) U an (1N %Se6) u (o an (1N %S6) u an (1N %S6) u (1 an (IN %S6) U (In (1IN %S6) u drqerrep
%S6) %U %S6) U ‘sIaquInu %S6) U ‘sIIqUINU %S6) %U %S6) U ‘sIaquInu %S6) U ‘sIaquInu %S6) %U %S6) U ‘sIaquinu %S6) U ‘sIaquInu
AINSV ‘000001 yreaq 000001 yreaq “YINSV ‘000001 yreaq ‘000001 yreaq AINSV ‘000001 yreaq ‘000001 yreaq
ur xad xad ur xad xad ur xad xad
Jdueyp ANSV ANSV a8ueyp ANSVY ANSV adueyp ANSV ANSV
% % %
610C 6102 0661 6102 6102 0661 6102 6102 0661
-0661 -0661 -0661
drewrdq JeN S3X3s yjog
(ponunuo)) | THTIVL

50f 12



(senunuo))
«(1S06°0— 03
8LETT—) 9TLO'T— 61020661 2dVV 2(9S8L°T 01 €19€°T) TELS'T 61020661 2dVV «(S988°0 01 6185°0) ¥€L°0 6102-066T 2dVV
«(6LELT— 0
VN VN 9 1S22°7—) 8186'T— 6102-210T 9 VN VN 9
(¥69L°0 01 L9TS"0—) THTT 0O 6102-ST0OT S 2(988°S 01 GL50°S) TLY'S Z10T-L00T S VN VN S
«(ZP01'1— 0
€89%°C—) 988L'T— S102-1102 ¥ e(6T1T'S 01 P1ELT) 8YI6°E L00Z-¥00T ¥ VN VN ¥
«(LT20'T— 0}
«(Y206°0— 03 S6¥0'T—) 9L6'0—  TTOT-866T € o(TLIT'L 0V ¥T9S'¥) 12E8'S $007-100C € $9€0°C-) ¥0€S T— 6102-210T €
(€229’ T— 01
€V1S'T—) €690°C— 8661-£661 4 2(69L8°€ 01 +009'T) ¥ZEL'C  T00Z-8661 4 «(TT8T'€ 019LL6'T) 86TT°E T102-6661 4
«(80€€°0— 01
(69%°0 03 £9¢€°T—) LLEY 0— £661-066T 1 6L59°0—) S¥6¥°0— 8661-066T 1 o(679°0— 01 €€T'T-) €T68°0—  6661-066T 1 D01
(TLYT'T— 0 «(IS1S°0— 0
S8TLT—) €8¢h T~ 6102-066T REAAY TYLL'0-) LbY9°0— 6102-066T 2dVV 2(S90°T— 01 919€° T-) vEITT—  610T-0661 2dVV
(L080°0 01 ZOES'T-) T8TL0—  610T-ST0T 9 VN VN 9 VN VN 9
«(SP0T°T— 01 (€221 1— 01
¥8+9°7—) L9TH T~ S102-L00T S VN VN S 8ELY'T—) T86T T~ 6102-1102 S
«(SL86C— 01 «(b£80°T— 03
€LTS'€—) 8LST €~ L00Z-000T ¥ 9689°'T—) L8E' T— 6102-210C 1% o(T8LT'T 03 £6£0°0) TL09°0 1102-L00T ¥
(€907 T— 01
(18710 01 €6T0°€—) 800’ T—  000Z-L66T € 2(9LT1°C 01 8EET'T) S6T9'T Z102-L00T € 9v8L 1) 9565 T— L00T-000T €
(92T’ T~ 03 «(£899°0— 03
TSL6'S—) TELOY— L66T-166T 14 LS68°0—) 1Z8L0— L00T-9661 4 (T66¥°001 TLELT—) £5C9°0—  000T-L66T 4
«(#090°1— 0 +(SET8T— 01
«(985° T— 01 ¥¥90°€—) 8TE'T—  +661-0661 1 SLTL'T-) SH6ET— 9661-066T 1 S00C'C—) TCTI0'C— L66T-0661 1 [Te19A0
(ID %S6) DAV porrdg juawgas (ID %S6) DdV porradg juowdag (ID %S6) DdV poriadg juowdes  S[qerieA
Irewd IAleN S9X3Ss yjog
"6T0T 03 0661 WOIJ BUTYD UT I90UED JI9U puk peay Jo sisA[eue uorssardorjurodutor | z ATIV.L

Cancer Reports, 2025

6 of 12



(senunuo))
(STIS'0— 01 (98€L°0— 0
e(SLI9 T— 01927°C—) TTT6'T—  6107-0661 2dVV €€9L°0—) 8€9°0— 6102-066T 2dVV LSO’ T—) 8968°0— 6102-066T 2dVV
VN VN 9 (€TST'0 01 8860°0—) L9TO'0  610T-T10T 9 «(62°0— 01 ¥L¥S°0—) 88T+'0—  6102-0T0T 9
(190+°0 03 ST86'T—) ¥S6L°0—  6102-STOT S o(ISTS' T 01 TE0'T) THLT'T 1102-9002 S «(T6'T 01 80£0°0) TL60 0102-L00T S
+(€880°0— 01 +(S062°0— 01
«(TOLE'T— 03 I8%8°€—) LI9'C—  STOT-TT0T % $0L9'T—) ST88°0— 9007-£002 v ¥0€T' 1) ST9L'0— L00T-€00T ¥
+(2600°€— 01
e(PE9Y T— 01 68TLT-) 96S'T—  TT0C-8661 € YE8Yv—) TOVL €~ £002-000¢ € o(€8€8°T— 03 GTL'€—) TI8L'CT—  £00Z-000T €
«(60L0°€— 01 «(L688'T— 01 «(TT¥6'T— 01
LSL9¥—) 99L8'€— 8661-£661 14 ¥86€°C-) €T T~ 000Z-5661 14 61LET—)89ST'T— 000Z-661 4
(T9L0°'T 01 ISHT'T—) €865°0—  €661-0661 1 (9581°0 03 T€82°0—) 6¥0°0—  S661-066T 1 (T€LT001 L58S0—) TLST'0—  $661-0661 1 2dO
(9rTEE— 0 «(L6€8° T— 01 «(162€°7— 01
€1L9°¢—) 186t°€— 6102-066T 2dVV 9SL0°7—) LLS6'T— 61020661 2dVV LLLS'T) SESY'T— 6102-066T 2dVV
«(TPEL0— 0
66TH 1) 9LLO'T— 6102-+10T 9 VN VN 9 VN VN 9
«(Z101°€— 01 +(8869°0— 01 «(19SL°0— 01
TSELE—) €895 €~ $102-L00T S 176¥'1—) TL60 T— 6102-+10T S YLSY 1) ¥LOT T~ 6102-+10C S
+(1985°5— 01 +(666€ T— 01 «(1S60°7— 01
T206'S—) SYPLS— L00Z-000T ¥ 888.L'T—) S¥65°1— $102-L00T ¥ LEYY'T—) S69T°C— ¥102-L00T ¥
«(S960°'T— 01 (ITYT €— 01 «(C068°€— 01
608T'€—) ThH1'T— 000Z-L661 € TT65°€—) 89T €~ L00Z-000T € LTIT¥—) 9TSOv— L00T-000T €
«(8505°0— 01
o(8697°¢— 01 7985°S—) €€v'v—  L66T-1661 4 L8SS'T—) LESO'T— 000Z-966T 4 o(LOE°0— 03 €T'T—) TELT' T~ 000Z-L66T 4
(6027 C— 01 o(TESLT— 01 «(8T7EC— 01
L6¥1€-) ¥989'C— ¥661-0661 1 SI€T'T—) LT66'T— 9661-0661 1 SS¥9°T—) 8€8Y'T— L66T-066T 1 DdN
(ID %S6) DAV porrdg juawgas (ID %S6) DdV porradg juowdag (ID %S6) DdV poriadg juowdes  S[qerieA
Irewd IAleN S9X3Ss yjog

(ponunuod) | zATIVL

7 o0f 12



JuedryTusIs AJ[ednsne)s a1om saguey),
"190URd ProIfy} ‘[ rooued xukreyd
1930 ‘DJO ‘1e0ued xukreydoseu ‘DN ‘9[qedrdde jou ‘YN ‘100ued £31a€d Te10-dI] ‘DT (190UBD XUAIR] )T SJRAIIUI 2OUIPIFU0D ‘T ‘9fueyd a8ejuadrad fenuue HJVy ©Sueydo afejusorad fenuue a8ersae ‘) J VYV SUONIBIAIQQY

o(TYLS T— 01 +(88S1°0— 01
76£8'T—) 890L'T— 6102-066T 2dVV 2(9TSS T 03 9ETT'T) ¥LEE'T 6102-066T 2dVV 6STH'0—) SL8T0— 6102-0661 2dVV
+(950L°1— 0 (€957 1— 01
VN VN S 760S°7—) T80T T~ 6102-210T S €S T-) Y06E T— 6102-1102 S
(2960°0 03 TL0T'T-) 9L55°0—  610T-ST0T ¥ e(€£98°9 01 SOEY'S) SOPT'9  TTOT-LOOT ¥ «(8758°C 01 T19L6'T) SHTH'T 1102-L00T ¥
«(S65T°C— 01 THIS'T—) L8E'C—  ST0T-+00T € «(1€9S°€ 01 8408°7) TEST'S  L00OT-100T € (€0bL'0 01 88ZT'T—) 986T°0—  L0OOT-+00T €
«(LLT9°0— 01 60LET—) S66'0—  ¥00T-8661 14 2(9LS°T 01 TL¥8°0) 601T°T 100Z-7661 14 +(ST8°0 01 8987°0) 9555°0 $00Z-8661 4
o(L8Y9'T— 0} «(CT€00°0— 03 ¢(9900°T— 0}
$€60°C—) €1LS T— 866T-066T 1 $S8LT—) €868°0— Y661-0661 1 6£€€°T-) $OLT T— 8661-066T 1 JL
(9958 1— 01 +(8259°0— 01
€8€9°7-) €8T T~ 6102-066T DdVV €L¥0'T—) €0S8°0— 6102-066T 2dVV «(126°0— 01 ¥S6T' 1) ¥8OT'T— 61070661 2dVV
«(188°0— 01
VN VN 9 L9SE'T-) TOIT'1— 6102-210T 9 VN VN 9
«(£1€6'0— 01
+(8€88°'T— 01 8L5°T—) STETT—  610T-010T S «(L199°1 01 $888°0) YL T  TI0T-LOOT S 1€8€° 1) SLST'T— 6102-1102 S
S(TEYT T— 01
(€9v¥'T 01 €189°C—) ¥OST'0—  010Z-L00T ¥ 9196°¢—) €60%'C— L00T-+00T ¥ «(9YTL'T 01 TT0E°0) €010°'T 110Z2-L00T v
«(LTV9°0— 01 +(8299°'1— 01
(699 T— 03 TTHL'9—) 16€TH—  LOOT-+00T € 9188'T—) T¥9T 1— ¥002-000T € 6L0tv—) TSY0'€— L00T-+00T €
«(SET9'T 01 $S0E°0) £L56°0 ¥007-8661 4 (SL9T°T 012021 T-) 99900  000T-L661 4 o(TP1°0— 01 91€9°0—) TL8E0—  +00T-L66T 4
«(T6ST¥— 01 (TIPS T— 01 «(S¥88'T— 01
¥66'v—) €LT9v— 8661-0661 1 L9LT—) 8095 T— L661-0661 1 LS9E°T-) ¥STI T~ L661-0661 1 01
(ID %S6) DAV porrdg juawgas (ID %S6) DdV porradg juowdag (ID %S6) DdV poriadg juowdes  S[qerieA
Irewd IAleN S9X3Ss yjog
(ponunuod) | zATIVL

Cancer Reports, 2025

8 of 12



Both Male Female

100 1004 100 1
=)
o
g 75 754 754
b= —e— Overall
= — LOC
3
= —— NPC
2 50 50 50+
% —— OPC
4
£ 2 251 254 - TC
(o]
=

0 0 04 ﬁ
20 40 60 80 20 40 60 80 20 40 60 80

Age
FIGURE1 |

Longitudinal age curves of HNC mortality in China. Data provided for both sexes, male, and female. Fitted longitudinal age-specific

rates of HNC mortality (per 100000). Error bars represent the 95% CIs for the longitudinal age curve values.
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FIGURE 2 | Period rate ratio (RR) of HNC mortality in China. Data provided for both sexes, male, and female. The RR of each period compared

with the reference period (Years 2000-2005) adjusted for age and nonlinear cohort effects. Error bars represent the 95% CIs for the period RR.

between 1905 and 1935, peaking at 1.06 (95% CI: 1.02, 1.11) in
1935, then slowly declining to the lowest point of 0.41 (95% CI:
0.27, 0.62) in 1995. In contrast, the cohort effect in females, al-
though starting from a higher initial point, displayed a clear
overall downward trend, decreasing from 2.33 (95% CI: 1.88,
2.88)in 1905 to 0.12 (95% CI: 0.06, 0.23) in 1995. When analyzed
by different anatomical sites, the most significant decline was
observed in NPC, which decreased from 3.14 (95% CI: 2.56, 3.85)
in 1905 to 0.19 (95% CI: 0.13, 0.28) in 1995. The trends for OPC,
LC, and TC were not markedly different from the overall trend.
However, LOC showed a notable upward trend from 1905 to
1965, reaching a peak of 1.13 (95% CI: 1.07, 1.19) in 1965, before
slowly declining to the lowest point of 0.85 (95% CI: 0.53, 1.36)
in 1995.

4 | Discussion
This study found a significant decline in HNC mortality rates in

China from 1990 to 2019, with an AAPC of —1.21%. The decline
was more pronounced in females (—3.34% per year) compared to

males (—1.37%). Among specific cancer types, NPC, OPC, LC,
and TC showed decreasing trends, whereas LOC exhibited an
increasing trend. JPR analysis revealed a brief upward trend
between 2007 and 2011, followed by a return to decline. These
findings emphasize the importance of continued efforts in HNC
prevention and treatment, particularly for females and the in-
creasing LOC trend.

The incidence and mortality rates of cancer worldwide are rap-
idly increasing, largely due to factors such as population aging
and growth, changes in the prevalence and distribution of major
cancer risk factors, and socioeconomic development [6]. As
a major type of cancer, the incidence of HNC has been rising
over recent decades [2]. Global demographic and epidemiolog-
ical trends indicate that the incidence of HNC will continue
to rise in the coming decades [6]. The Global Cancer Report
(GLOBOCAN 2020) revealed that in 2020, HNC ranked eighth
in global incidence and twelfth in mortality [6]. The findings of
this study show that in 2019, the global ASMR for HNC was 6.74
per 100000, with the ASMR for males at 10.18 per 100000 and
for females at 3.67 per 100000. In China, the ASMR for HNC was
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4.27 per 100000, with males at 6.98 per 100000 and females at
1.96 per 100000, which is still at a relatively high level globally,
indicating that the mortality burden of HNC in China remains
severe. Moreover, the study found that although the ASMR for
HNC in China generally showed a downward trend from 1990
to 2019, some anatomical subtypes (such as LOC) are still on
the rise. Therefore, understanding the mortality trends of HNC
and their anatomical subtypes is of great practical significance
for reducing the disease burden of HNC and controlling their
progression in China.

As the population ages, the risk of mortality from HNC in China
gradually increases. This may be associated with the reduced
treatment tolerance, multiple comorbidities, altered pharmaco-
kinetics and pharmacodynamics [27, 28], as well as the intensi-
fication of population aging in China. Data from the National
Bureau of Statistics indicates that since 1978, the number and
proportion of the elderly population aged 65 and above in China
have been continuously increasing. From 2001 to 2018, the an-
nual growth rate of the elderly population aged 65 and above
was 3.28%, significantly higher than the total population's an-
nual growth rate of 0.66% [29]. The acceleration of population
aging leads to an increased risk of mortality and disease burden
from HNC.

The less pronounced decline in mortality among males com-
pared to females in China may suggest differences in exposure
to risk factors, access to healthcare, or biological factors that
warrant further investigation. It is known that lifestyle factors
such as smoking and alcohol consumption, which are more prev-
alent among males, are significant risk factors for HNC [30-32].
Meanwhile, the lower female HNC risk may, in part, be ex-
plained by endogenous and exogenous estrogen exposures [33].

When considering individual anatomical sites, the downward
trend in NPC, OPC, and LC mortality rates is consistent with
the overall tendency. This could be attributed to targeted public
health interventions and advances in treatment specific to these
cancers. For instance, the implementation of NPC screening
programs in high-incidence areas and the introduction of HPV
vaccination, which is associated with a subset of OPC, may have

contributed to these trends [34-36]. In contrast, the interim in-
crease in mortality rates for LOC and TC before returning to a
downward trend in the 2010-2015 period could reflect changes
in environmental factors, healthcare policies, or diagnostic
practices over time. The increase might also be due to the lag ef-
fect of exposure to risk factors (such as betel chewing [37, 38]) or
variations in the adoption of improved clinical guidelines across
different regions of China [39].

This study provides valuable insights into the long-term mor-
tality trends of HNC in China, utilizing nearly 30years of data
from the GBD 2019 database. One of the key strengths of this
study is its comprehensive approach, combining JPR and age-
period-cohort effect analysis to reveal the temporal dynamics
of HNC mortality, as well as the differences across sex and an-
atomical subtypes. The novelty of this study lies in its focus on
both the overall trend and the specific anatomical subtypes of
HNC, offering a more detailed understanding of the disease bur-
den in China.

The methodology employed in this study aligns with recent re-
search [40], which similarly utilized JPR and age-period-cohort
analysis to assess cancer mortality trends. This approach is well-
suited for analyzing complex temporal trends and providing a
nuanced understanding of changes in disease burden across
different time periods and demographic groups. By incorporat-
ing both JPR and age—period—cohort effects, our study builds on
these established methods while offering more granular insights
into HNC trends in China, particularly with respect to gender
and specific cancer subtypes.

Despite these strengths, the study has several limitations. First,
it is an observational, cross-sectional analysis that does not di-
rectly investigate the underlying causes of the observed trends,
such as changes in risk factors, healthcare access, or clinical
practices. Additionally, the use of the GBD database, while
valuable for providing large-scale population-level data, has
some inherent limitations. The mortality rate coding for HNC
in the GBD database includes some ICD-10 codes that represent
benign diseases. Given that benign diseases should not be the
direct cause of death, this study leans toward the possibility
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that they may have been misclassified, as a previous publication
mentioned [41]. Furthermore, the lack of distinction between
urban and rural mortality data within China may obscure re-
gional differences that could be important for more targeted
public health interventions. Future studies would benefit from
more granular, region-specific data and a deeper investigation
into the factors influencing HNC mortality trends in different
demographic groups.

5 | Conclusion

In summary, from 1990 to 2019, the ASMR for HNC in China
generally showed a downward trend, with the risk of death in-
creasing with age and over time, and those born earlier facing a
greater risk of death. The increasingly prominent issue of popu-
lation aging in China may further exacerbate the disease burden
of HNC in the future. Therefore, further efforts should be made
to strengthen early diagnosis and treatment, find more effective
treatment methods for HNC, and reduce the disease burden.
Enhancing the collection and organization of cancer registry
data for HNC in China, especially for a comprehensive under-
standing of different anatomical subtypes of HNC, is of great
significance for further reducing the disease burden of HNC
in China.
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