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ABSTRACT
◥

Background: Information on temporal trends of cancer attrib-
utable to human papillomavirus (HPV) in China is limited.

Methods: Cancer incidence and mortality during 2007 to 2015
were extracted from the Chinese Cancer Registry Annual Report
and the national population from the National Bureau of Statistics.
HPV-attributable cancer burden and the average annual percentage
change during 2007 to 2015 were estimated and cancer burden
during 2016 to 2030 was projected.

Results: HPV-attributable cancer cases have increased by 3.8%
[95% confidence interval (CI), 2.9%–4.8%] annually from 85,125 to
113,558 and age-standardized incidence rate (ASIR) rose by 3.0%
(95% CI, 2.5%–3.5%) from 4.67 to 5.83 per 100,000 persons during
2007 to 2015. Cervical, female anal, and vulva cancer cases have
increased by 3.8% (95% CI, 2.8%–4.7%), 6.5% (95% CI, 1.2%–
12.2%), and 3.7% (95% CI, 1.6%–5.8%) per year. Male anal and

oropharyngeal cancer cases have elevated by 7.5% (95% CI, 2.8%–
12.5%) and 4.4% (95% CI, 2.4%–6.3%) annually. The increases of
cervical and anal cancer were most rapid among those aged 50 and
older. HPV-attributable cancer deaths andmortality rate have risen
by 4.7% (95% CI, 2.9%–6.7%) and 3.3% (95% CI, 0.9%–5.8%)
respectively. HPV-attributable cancer cases and ASIR are projected
to reach 214,077 and 9.35 of 100,000 persons by 2030 respectively,
with 87.7% being cervical cancer, and anal cancer cases are expected
to triple.

Conclusions: HPV-attributable cancer burden has largely
increased in the past and will keep rising for the next decade.
Cervical cancer control should be the priority and anal cancer
prevention should be addressed.

Impact: This study supplies fundamental evidence for policy-
making on HPV-attributable cancer control.

Introduction
Persistent infection with oncogenic human papillomavirus (HPV)

is not only responsible for cervical cancer but also related to cancer of
the anus, vulva, vagina, penis, oral cavity, oropharynx, and larynx (1).
It is estimated that 690,000 cancer cases worldwide per year are
attributable to HPV, with 570,000 cervical cancer and 12,000 non-
cervical cancer cases (2). The cervical cancer burden has largely
declined in some high-income countries due tomass HPV vaccination
and organized screening programs. However, it remains a high burden
in low- and middle-income countries contributing to 80% of new
cancer cases worldwide (3). Consistent increases of HPV-attributable
non-cervical cancers have been identified during the past years in some

countries (4–8). Particularly,male oropharyngeal cancer has surpassed
cervical cancer to lead the HPV-attributable cancer burden in the
United States (9).

World Health Organization (WHO) has initiated the call for
eliminating cervical cancer in 2018 by integrating HPV vaccine,
screening, and treatment (10). However, the prevention of non-
cervical cancer mainly depends on the prophylactic HPV vaccine
since no feasible screening methods are available at present. The
HPV vaccine has been demonstrated to have an excellent protec-
tive effect against HPV infection and/or lesions for non-cervical
cancers (11–13). With the introduction of the HPV vaccine into
the National Immunization Program (NIP) in more than 110
countries (14), the HPV vaccine is expected to largely benefit
HPV-attributable cancer prevention shortly. In response to
WHO’s call on cervical cancer elimination, China has determined
to fully support the global strategy of accelerating cervical cancer
elimination and to explore the optimal pathway to promote HPV
vaccination and extend cervical screening coverage in China.
However, the HPV vaccine has not been incorporated into Chinese
NIP and the coverage of vaccination for adolescent girls is poor (15)
and the screening coverage remains low in China (16). Thus, it
remains a challenge for HPV-attributable cancer prevention in
China.

Understanding the cancer burden attributable to HPV in China will
lay solid foundations for cost-effectiveness evaluation of HPV vacci-
nation programs and pave the way for establishing evidence-based
policy and applicable recommendations for cancer control. However,
only limited evidence on the changing patterns of HPV-attributable
cancer in China (17, 18) is available at present and there is a lack of
specified estimation in subgroup populations. Therefore, we con-
ducted this study to estimate the temporal trends of HPV-
attributable cancer burden during 2007 to 2015 by cancer site, sex,
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age, and geographic area and to predict the cancer cases and incidence
attributable to HPV infection from 2016 to 2030.

Materials and Methods
HPV-attributable cancers are defined as cancers of cervix uteri

(C53), anus (C21), vulva (C51), vagina (C52), penis (C60), oropharynx
(C01, 09–10), oral cavity (C02-06), larynx (C32), according to the
findings from International Agency for Research on Cancer (IARC)
Monographs (19).

Data source
Age-specific rates of cancer cases and deaths during 2007–2015were

obtained from the Chinese Cancer Registry Annual Report (2010–
2018) published by the National Central Cancer Registry of China
(NCCR). The NCCR of China was founded in 2002, acting as the
national bureau for the management of cancer registration (20). In
2015, 501 cancer registries in China submitted cancer registry data.
After quality control, data from 388 cancer registries that covered 321
million persons (163 male and 158 female) were evaluated (21),
accounting for about 24% of the national population. Age-specific
population size from 2007 to 2015 was estimated using the data
released by the National Bureau of Statistics of China.

Statistical analysis

1) HPV-associated cancer cases and deaths were calculated by
multiplying age-specific rates with the estimated population size.

2) Cancers attributable to HPV were calculated by multiplying site-,
sex-, area-, and age-specific HPV-associated cancer burden with
corresponding population attributable fractions (PAF). PAFs
calculations had been described in the reference (22). Briefly,
high-riskHPVprevalence with the relative risk for cervical cancer
was obtained from large-scale pooled analyses or high-quality
meta-analyses of studies in China. For non-cervical cancer, the
information was extracted from pooled or meta-analyses
conducted in Asia or worldwide. In general, PAFs for HPV-
attributable cancers were considered consistent across age groups,
except for vulva cancer, whose PAF varied by age (48% for those
younger than 55 years old, 28% for 55–64, and 15% for 65 and
older; ref. 23).

3) The Segi’s population was applied to calculate the age-
standardized rate.

4) The corresponding estimates of 95% confidence interval (CI) of
the HPV-attributable cancers were calculated.

5) Temporal trends of the HPV-attributable cancer cases, incidence,
deaths, and mortality during 2007 to 2015 were calculated by
JoinPoint Regression Program. The analysis identifies periods
with distinct linear slopes that can be connected by join-points
denoting trend changes and determine the number of join-points
that should be used to best describe trends in the data (24).
Average annual percentage change (AAPC) and the
corresponding 95% CIs were calculated. The cancer cases,
incidence, deaths, andmortality were considered increasing if the
95% CI of AAPC was entirely above zero while decreasing if the
95%CI of AAPCwas below zero, otherwise, they were considered
stable.

6) Cancer cases and incidence were further projected from 2016 to
2030 by grey predictionmodel GM (1,1). Grey GM (1, 1) model is
one of the homogeneous exponential growthmodels based on the
accumulation generation sequence and the least-squares

method (25). It applies the accumulative generation operation
(AGO) to the primary data and proceeds to solve the resulting
differential equation. Then it performs an inverse AGO and
calculates the predicted values of the primary data. Data
management and analysis were conducted on Microsoft Excel
2010, R 3.6.2, and JoinPoint Regression Program 4.7.0.

Data availability statement
The data generated in this study are available upon request from the

corresponding author.

Results
Trends of HPV-attributable cancer cases and incidence

Table 1, Supplementary Figs. S1 to S2, and Supplementary Tables S1
to S12 presented the trends of cancer cases and incidence attributable
to HPV during 2007 to 2015. The total cancer cases have elevated from
85,208 to 113,656 and increased by 3.8% (95% CI, 2.8%–4.7%)
annually. The age-standardized incidence rates have changed from
4.68 to 5.80 per 100,000 persons and increased by 3.0% (95%CI, 2.5%–
3.5%) per year. Female cancer cases have risen from 80,006 to 106,709,
with the AAPC of 3.8% (95% CI, 2.8%–4.8%), and the incidence rates
have grown from 8.76 to 10.99 per 100,000 persons, with the AAPC of
3.2% (95% CI, 2.7%–3.8%). Cervical cancer burden was growing by
3.8% (95%CI, 2.8%–4.7%) for cases and 3.2% (95%CI, 2.8%–3.7%) for
incidence annually and such growths were most significant among
those over 50 years old. Female anal cancer cases have risen by 6.5%
(95% CI, 1.2%–12.2%) per year, with the most rapid increase hap-
pening among those at 50 to 69 years, although the growth for
incidence was insignificant. A rising trend of vulvar cancer was
identified, with the AAPC of 3.7% (95% CI, 1.6%–5.8%) for cases
and of 2.9% (95% CI, 1.1%–4.8%) for incidence, and such increases
were most evident among females over 65 years old. Growing trends
for vaginal and female head-and-neck cancers were insignificant. Male
cancer cases and incidence have increased by 3.7% (95% CI, 2.6%–
4.9%) from 5,202 to 6,947, and by 2.4% (95%CI, 1.2%–3.7%) from 0.60
to 0.70 per 100,000 persons annually. Increasing trends were identified
for male anal cancer as well, with the AAPC of 7.5% (95% CI, 2.8%–
12.5%) for cases and of 6.3% (95% CI, 0.8%–12.1%) for incidence and
both of which have rapidly grown among males over 50 years. Male
oropharyngeal cancer cases and the incidence have increased by 4.4%
(95% CI, 2.4%–6.3%) and 3.1% (95% CI, 1.2%–5.1%) annually and the
elevationwasmost significant among those younger than 70 years. The
climbing trends for penile and male oral cavity cancer and the slight
decreases for male laryngeal cancer were not statistically significant.
Urban and rural shared similar trends on HPV-attributable cancer
cases and incidence, except anal cancer, which was more frequently
happened in rural areas.

Trends of HPV-attributable cancer deaths and mortality
Trends of cancer deaths and mortality attributable to HPV during

2007–2015 were shown in Table 2, Supplementary Figs. S3 to S4, and
Supplementary Tables S1 to S12. Total cancer deaths have climbed
from 25,785 to 36,909 by 4.7% (95% CI, 2.9%–6.7%) per year on
average. The age-standardized mortality rates have changed from 1.42
to 1.83 per 100,000 persons by 3.3% (95% CI, 0.9%–5.8%) annually.
Female cancer deaths have increased from 23,239 to 33,181 (AAPC,
4.6%; 95%CI, 2.4%–6.8%) and themortality have elevated from2.53 to
3.27 per 100,000 persons (AAPC, 3.3%; 95% CI, 0.4%–6.3%). Cervical
cancer deaths and mortality have risen by 4.4% (95% CI, 2.0%–7.0%)
and 3.3% (95%CI, 0.1%–6.5%) per year respectively and such increases
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were most evident among those over 50 years old. Female anal cancer
has largely increased by 13.4% (95% CI, 8.4%–18.6%) for deaths and
11.9% (95% CI, 7.0%–17.1%) for mortality rates annually, particularly
among those aged 65 and older. Vaginal cancer deaths have increased
by 7.2% (95% CI, 2.1%–12.4%) per year and the highest increase was
identified at 70 years and older. The changing patterns were not
statistically significant for vulva cancer and female head-and-neck
cancer, although slight increasing and decreasing trends were iden-
tified for the two cancers respectively. The totalmale cancer deaths and
mortality rates have increased from 2,546 to 3,728 (AAPC, 5.5%; 95%
CI, 1.7%–9.4%) and from 0.30 to 0.37 per 100,000 persons (AAPC,
5.3%; 95% CI, 2.0%–8.6%) respectively. Male anal cancer deaths and
mortality have risen by 16.1% (95% CI, 9.1%–23.7%) and 14.1% (95%
CI, 6.3%–22.5%) per year respectively and such increases were most
significant among those older than 50 years. Male’s Penile and
oropharyngeal cancer deaths and mortality have increased, although
not statistically significant. Similarly, the overall slightly decreasing
trends of other male head-and-neck cancers were insignificant. Urban

and rural were identified with similar trends on HPV-attributable
cancer deaths and mortality.

Projection of HPV-attributable cancer cases and incidence
Figures 1 and 2 and Supplementary Tables S13 and S14 showed the

projection of cancer attributable to HPV from the year 2016 to 2030.
The projected HPV-attributable cancer cases would increase from
117,929 to 214,077, while the age-standardized incidence rates rise
from 6.07 to 9.35 per 100,000 persons. In 2030, 87.7% of HPV-
attributable cancer cases would be cervical cancer (187,656), following
by cancers of anus (14,125), oropharynx (2,860), penis (2,813), vagina
(2,625), larynx (1,378), oral cavity (1,354), and vulva (1,266). Female
cancer cases and incidence would elevate from 110,620 to 198,953 and
from 11.55 to 18.30 per 100,000 persons respectively. Cervical cancer
cases and incidence would increase from 105,894 to 187,656 and from
11.08 to 17.52 per 100,000 persons respectively. Female anal cancers
would almost triple in 2030 compared with that of 2016. Vulva and
vaginal cancers are projected to be 1.5 times higher and nearly doubled

Table 1. Trends analysis of cancer cases and incidence rates attributable to HPV in China, 2007–2015, in total population, females, and
males.

Cancer cases Incidence
Cancer site 2007 2015 AAPC (95% CI) (%) 2007 2015 AAPC (95% CI) (%)

Total 85,208 113,656 3.8 (2.8–4.7)a 4.68 5.80 3.0 (2.5–3.5)a

Females 80,006 106,709 3.8 (2.8–4.8)a 8.76 10.99 3.2 (2.7–3.8)a

Cervix uteri 76,468 102,397 3.8 (2.8–4.7)a 8.37 10.56 3.2 (2.8–3.7)a

Anus 1,159 1,585 6.5 (1.2–12.2)a 0.12 0.15 5.4 (–0.1 to 11.3)
Vulva 525 747 3.7 (1.6–5.8)a 0.06 0.08 2.9 (1.1–4.8)a

Vagina 1,075 1,122 2.8 (–1.7 to 7.4) 0.12 0.11 1.6 (–2.2 to 5.5)
Oropharynx 346 366 1.5 (–2.1 to 5.2) 0.04 0.04 0.6 (–3.0 to 4.3)
Oral cavity 334 372 1.1 (–2.5 to 4.8) 0.04 0.04 0.6 (–2.3 to 3.6)
Larynx 99 120 4.4 (0.6–8.4)a 0.01 0.01 2.7 (–1.8 to 7.4)

Males 5,202 6,947 3.7 (2.6–4.9)a 0.60 0.70 2.4 (1.2–3.7)a

Anus 1,185 2,089 7.5 (2.8–12.5)a 0.13 0.21 6.3 (0.8–12.1)a

Penis 1,785 2,243 2.0 (0–4.1) 0.21 0.23 0.6 (–1.0 to 2.3)
Oropharynx 793 1,112 4.4 (2.4–6.3)a 0.09 0.11 3.1 (1.2–5.1)a

Oral cavity 509 559 1.8 (–0.8 to 4.5) 0.06 0.06 0.8 (–1.8 to 3.4)
Larynx 930 944 0.4 (–1.5 to 2.3) 0.11 0.10 –0.8 (–2.1 to 0.5)

astatistically significant.

Table 2. Trends analysis of cancer deaths andmortality rates attributable to HPV in China, 2007–2015, in total population, females, and
males.

Cancer deaths Mortality
Cancer site 2007 2015 AAPC (95% CI) (%) 2007 2015 AAPC (95% CI) (%)

Total 25,785 36,909 4.7 (2.9–6.7)a 1.42 1.83 3.3 (0.9–5.8)a

Females 23,239 33,181 4.6 (2.4–6.8)a 2.53 3.27 3.3 (0.4–6.3)a

Cervix uteri 21,872 31,125 4.4 (2.0–7.0)a 2.38 3.08 3.3 (0.1–6.5)a

Anus 439 1,061 13.4 (8.4–18.6)a 0.04 0.10 11.9 (7.0–17.1)a

Vulva 202 227 4.6 (–1.3 to 10.8) 0.02 0.02 2.9 (–3.3 to 9.4)
Vagina 288 415 7.2 (2.1–12.4)a 0.04 0.04 4.4 (–1.2 to 10.3)
Oropharynx 205 141 –1.7 (–9.3 to 6.5) 0.02 0.01 –3.2 (–10.4 to 4.6)
Oral cavity 159 140 –2.1 (–7.5 to 3.6) 0.02 0.01 –2.9 (–6.0 to 0.4)
Larynx 74 72 0.2 (–2.7 to 3.1) 0.01 0.01 –2.4 (–6.6 to 1.9)

Males 2,546 3,728 5.5 (1.7–9.4)a 0.30 0.37 5.3 (2.0–8.6)a

Anus 598 1,616 16.1 (9.1–23.7)a 0.07 0.16 14.1 (6.3–22.5)a

Penis 627 719 2.8 (–2.2 to 8.1) 0.07 0.07 1.3 (–3.2 to 6.0)
Oropharynx 481 610 3.0 (–4.3 to 10.9) 0.06 0.06 1.1 (–6.1 to 8.8)
Oral cavity 268 279 0.4 (–1.5 to 2.2) 0.03 0.03 –1.5 (–3.6 to 0.7)
Larynx 572 504 –1.2 (–5.4 to 3.1) 0.07 0.05 –2.2 (–4.7 to 0.4)

astatistically significant.
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respectively, while head-and-neck cancer burdens would remain
stable. Male cancer cases are projected from 7,309 to 15,124 and the
incidence is from 0.74 to 0.99 per 100,000 persons. Male anal cancers
will increase by more than three times in the year 2030 compared with
that of 2016. Oropharyngeal cancers are projected to double in 2030,
while penile, oral cavity, and laryngeal cancer burdens would remain
stable.

Discussion
HPV-attributable cancer burdens have largely increased during

2007 to 2015 in China. Cervical and anal cancers grew most rapidly.
Meanwhile, increasing trends of oropharyngeal and vulva cancers were
identified as well. The cancer burden attributable to HPV is projected
to increase in the next decade, with about 88% of new cases being
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Figure 1.

Projected cancer cases attributable to
HPV infection during 2016–2030, in
total population (A), in females (B), and
in males (C). The figure contains three
panels. The first (A) is a line graph of
different projected HPV-attributable
cancer cases among the total popula-
tion, with the case on the y-axis and
year on the x-axis. The second (B) is
a line graph of different projected
HPV-attributable cancer cases among
females, with the case on the y-axis and
year on the x-axis. The third (C) is a line
graph of different projected HPV-
attributable cancer cases amongmales,
with the case on the y-axis and year on
the x-axis. The legend on the top left
corner displays the line shape and color
of each HPV-attributable cancer and
the legend is commonly applied to all
three panels in this figure. For the three
panels in this figure, the cancer cases
during 2007–2015 is calculated by mul-
tiplying age-specific rates with the esti-
mated population size, while the cancer
cases during 2016–2030 is projected
using grey prediction model GM (1,1).
More details on the data source and
statistical methods of estimation and
prediction can be referred to Materials
and Methods section.
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cervical cancer. The anal cancer burden is expected to be almost tripled
by 2030. Female genital and male oropharyngeal cancer burdens are
expected to keep rising, although the absolute number is relatively
small compared with cervical and anal cancer burdens.

Our study showed that HPV-attributable cancer incidence rates
have increased by 3.2% per year in China, which was close to the
estimation using Cancer Incidence in Five Continents (CI5) data

(AAPC, 3.8%; 95% CI, 2.1%–5.5%; ref. 18). The cancer burden
attributable to HPV was dominated by cervical cancer in the periods
from 2007 to 2030 in China. In the past years, cervical cancer has
increased by 3.8% in cases and 4.4% in deaths and the cancer burden is
expected to keep rising in the next decade. However, a declining
cervical cancer burden has been observed in the past fewdecades due to
organized screening and HPV vaccination in some high-income
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Figure 2.

Projected cancer incidence rates attrib-
utable to HPV infection during 2016–
2030, in total population (A), in females
(B), and in males (C). The figure contains
three panels. The first (A) is a line graph
of different projected HPV-attributable
cancer incidence rates among the total
population,with the incidence rate on the
y-axis and year on the x-axis. The second
(B) is a line graph of different projected
HPV-attributable cancer incidence rates
among females, with the incidence rate
on the y-axis and year on the x-axis. The
third (C) is a line graph of different pro-
jected HPV-attributable cancer incidence
rates among males, with the incidence
rate on the y-axis and year on the x-axis.
The legend on the top left corner displays
the line shape and color of each HPV-
attributable cancer and the legend is
commonly applied to all three panels in
this figure. For the three panels in this
figure, the cancer incidence rates during
2007–2015 is compounded by the esti-
mated cases and total population, while
the cancer incidence rates during 2016–
2030 is projected using grey prediction
model GM (1,1). More details on the data
source and statistical methods of estima-
tion and prediction can be referred to
Materials and Methods section.
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countries (9, 26). The intensively increasing cervical cancer burden in
China has highlighted the urgency of effective implementation of
comprehensive control strategies, involving HPV vaccination, screen-
ing, and treatment. However, the HPV vaccination rate among girls
aged 9 to 14 can be almost ignored (15) and the cervical screening rate
is only 26.7% among women aged 35 to 64 (27) in China. China is still
far away from the WHO’s 2030 target of HPV vaccination for 90% of
girls less than 15 years, cervical cancer screening for 70% of women
aged 35 to 45, and treatment for 90% of women who have been
diagnosed with cervical precancer/cancer.

For HPV-attributable non-cervical cancers, anal cancer has borne
the highest burden with consistent increasing trends since 2007 and is
expected to triple in 2030 in China if no feasible prevention strategies
are applied. Similar to the situation in the US, anal cancer cases have
increased by 6.5% and 7.5% annually among females and males
respectively and the growth was most evident among those over
50 years old (9). Although anal screening by HPV testing or cytology
is recommended among high-risk populations including people living
with human immunodeficiency virus, men who have sex with men,
and women with cervical lesions (28), there is still a lack of evidence-
based and formative screening guidelines. Therefore, effective anal
cancer prevention mainly depends on nationwide HPV vaccination at
present, which further demonstrates the necessity of including HPV
vaccination into NIP to benefit particularly the high-risk individuals.
Notably, cervical and anal HPV infections or lesions have been
considered highly correlated (29), and thus promoting HPV-based
cervical cancer screening would benefit anal cancer prevention
potentially.

Growing trends on the burden of rare cancers such as oropharyn-
geal, vulva, and vaginal cancer have been observed during 2007 to 2030
in China. Similarly, increasing oropharyngeal cancer burden has been
identified in some high-income countries (18, 26). In the US, male
oropharyngeal cancer has surpassed cervical cancer and become the
highest burden of HPV-attributable cancers in recent years (9). The
increase of oropharyngeal cancer burden in high-income countries
was reported to be associated with higher oral HPV infection, which
resulted from increasing oral sex behaviors in recently born
cohorts (30, 31). The increasing trends of the vulva and vaginal cancer
identified in some countries are likely to link with the generational
changes in sexual behavior, such as the earlier age at sexual debut, and
increasing transmission of HPV among cohorts born 1940 to 1950 and
thereafter (32). With the aging population and changing sexual
behavior in China, attention should be paid to HPV-attributable
head-and-neck cancer and genital cancer prevention in the near future.
Given the fact that no feasible screeningmethods are available for these
cancers at present, HPV vaccination would be the best way to prevent
them. Thus, additional public health benefits are expected to be earned
from the nationwideHPV vaccination program under the background
of cervical cancer elimination.

This study estimated the temporal trends of HPV-attributable
cancer burden in the past decade based on the NCCR data and
further projected the cancer burden in the next decade in China.
The NCCR data is one of the important sources for the CI5
databases and the data from 36 cancer registries has been selected
into the latest volume of CI5 (Volume XI, covering registrations
2007–12) according to the strict quality selection process (33). With
the expansion of the number of cancer registry sites and improve-
ment of data quality, cancer registration data is considered to be
representative of the national cancer burden in China and plays an
increasingly critical role in cancer prevention and control (33). Our
study provides a comprehensive national profile on the past and

future burden of HPV-attributable cancer at a population level and
supplies fundamental data and scientific evidence for policymaking
on cancer control and prevention.

However, there are several limitations in this study, which may
negatively impact the precision of estimation of the actual cancer
burden and the predicted burden attributable to HPV in China.
First, our results were estimated by international PAFs for non-
cervical cancers. Therefore, the burden of oropharyngeal cancer
may have been underestimated because the Chines PAF is closer to
that of in high-income Asian countries, which is higher than the
international level (34). Second, our study adopted consistent PAFs
across all calendar years, and thus potential biases may exist when
estimating the cancer burden that is not predominantly HPV-
associated. For example, oral cavity and laryngeal cancers are more
commonly caused by smoking and alcohol use than HPV infection.
Third, the projected cancer burden in this study is based on a
statistical projection model and no potential advances in the
prevention, diagnosis, or therapy that may dramatically impact
future incidence rates were taken into account.

In conclusion, the HPV-attributable cancer burden has increased
since 2007 and is predicted to keep rising in the near future in China.
Cervical cancer dominates the HPV-attributable cancers and has
consistently risen from 2007 to 2030. Next to cervical cancer, the anal
cancer burden has rapidly increased in the past decade and will keep
growing in the next decade. Comprehensive cervical cancer control
integrating HPV vaccination, cervical screening, and treatment for
precancer/cancer should be prioritized in China. Meanwhile, HPV
vaccination and anal cancer screening for high-risk populations are
highly recommended. Further evaluation for HPV-attributable cancer
burden with Chinese-specified PAFs and a scenario-based forecast
model considering the possible changes are expected to provide amore
precise and tailored HPV-attributable cancer burden estimation in
China.

Authors’ Disclosures
No disclosures were reported.

Authors’ Contributions
R. Duan: Conceptualization, resources, data curation, software, formal analysis,

visualization,methodology, writing–original draft, writing–review and editing.K.Xu:
Data curation, software, formal analysis, visualization, methodology, writing–original
draft. L. Huang: Data curation, formal analysis, investigation, visualization, meth-
odology, writing–original draft, writing–review and editing. M. Yuan: Formal anal-
ysis, investigation, visualization, writing–original draft. H. Wang: Formal analysis,
methodology, writing–original draft. Y. Qiao: Conceptualization, resources, valida-
tion, investigation. F. Zhao: Conceptualization, resources, data curation, formal
analysis, supervision, funding acquisition, validation, investigation, visualization,
methodology, project administration, writing–review and editing.

Acknowledgments
We thank M. Chen from North China University of Science and Technology and

W.L. Chang from Sichuan University for data collection. This study was financially
supported by the National Natural Science Foundation of China [81761128006], the
Chinese Academy ofMedical Sciences Initiative for Innovative Medicine [2016-I2M-
1-019], and a Merck grant (# 59476). However, no employee of Merck Co. has ever
participated.

The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.

Received October 7, 2021; revised December 20, 2021; accepted March 8, 2022;
published first March 10, 2022.

HPV-Attributable Cancer Burden in China

AACRJournals.org Cancer Epidemiol Biomarkers Prev; 31(5) May 2022 1135

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/31/5/1130/3119516/1130.pdf by guest on 19 M

ay 2023



References
1. IARC. IARC monographs on the evaluation of carcinogenic risks to humans.

Lyon, France: International Agency for Research on Cancer; 2012. p. 499.
2. de Martel C, Georges D, Bray F, Ferlay J, Clifford GM. Global burden of cancer

attributable to infections in 2018: a worldwide incidence analysis. Lancet Glob
Health 2020;8:e180–90.

3. ArbynM,Weiderpass E, Bruni L, de Sanjos�e S, SaraiyaM, Ferlay J, et al. Estimates
of incidence and mortality of cervical cancer in 2018: a worldwide analysis.
Lancet Glob Health 2020;8:e191–203.

4. Schache AG, Powell NG, Cuschieri KS, Robinson M, Leary S, Mehanna H, et al.
HPV-related oropharynx cancer in the United Kingdom: an evolution in the
understanding of disease etiology. Cancer Res 2016;76:6598–606.

5. Morbini P, Alberizzi P, Ferrario G, Capello G, De Silvestri A, Pedrazzoli P, et al.
The evolving landscape of human papillomavirus–related oropharyngeal
squamous cell carcinoma at a single institution in Northern Italy. Acta
Otorhinolaryngol Ital 2019;39:9–17.

6. Islami F, Ferlay J, Lortet-Tieulent J, Bray F, Jemal A. International trends in anal
cancer incidence rates. Int J Epidemiol 2017;46:924–38.

7. Hansen BT, Orumaa M, Lie AK, Brennhovd B, Nygard M. Trends in incidence,
mortality, and survival of penile squamous cell carcinoma inNorway 1956–2015.
Int J Cancer 2018;142:1586–93.

8. Shack L, Lau HY, Huang L, Doll C, Hao D. Trends in the incidence of human
papillomavirus–related non-cervical and cervical cancers in Alberta, Canada: a
population-based study. CMAJ Open 2014;2:E127–32.

9. Van Dyne EA, Henley SJ, Saraiya M, Thomas CC, Markowitz LE, Benard VB.
Trends in human papillomavirus-associated cancers - United States, 1999–2015.
MMWR Morb Mortal Wkly Rep 2018;67:918–24.

10. WHO. WHO Director-General calls for all countries to take action to help
end the suffering caused by cervical cancer. 2018 Apr 10. Available from:
<https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-
cancer/en/.>.

11. Kjaer SK, Sigurdsson K, Iversen OE, Hernandez-Avila M,Wheeler CM, Perez G,
et al. A pooled analysis of continued prophylactic efficacy of quadrivalent human
papillomavirus (Types 6/11/16/18) vaccine against high-grade cervical and
external genital lesions. Cancer Prev Res 2009;2:868–78.

12. Palefsky JM, Giuliano AR, Goldstone S, Moreira ED Jr, Aranda C, Jessen H, et al.
HPV vaccine against anal HPV infection and anal intraepithelial neoplasia.
N Engl J Med 2011;365:1576–85.

13. Dillner J, Kjaer SK,Wheeler CM, SigurdssonK, IversenOE,Hernandez-AvilaM,
et al. Four year efficacy of prophylactic human papillomavirus quadrivalent
vaccine against low grade cervical, vulvar, and vaginal intraepithelial neoplasia
and anogenital warts: randomized controlled trial. BMJ 2010;341:c3493.

14. Gallagher KE, LaMontagne DS, Watson-Jones D. Status of HPV vaccine
introduction and barriers to country uptake. Vaccine 2018;36:4761–7.

15. Zhao F, Qiao Y. Cervical cancer prevention in China: a key to cancer control.
Lancet 2019;393:969–70.

16. BaoH, Zhang L,Wang L, ZhangM, Zhao Z, Fang L, et al. Significant variations in
the cervical cancer screening rate in China by individual-level and geographic
measures of socioeconomic status: a multilevel model analysis of a nationally
representative survey dataset. Cancer Med 2018;7:2089–100.

17. Lu Y, Li P, Luo G, Liu D, Zou H. Cancer attributable to human papillomavirus
infection in China: burden and trends. Cancer 2020;126:3719–32.

18. Wu J, Xiao F, Zheng Y, Lin Y, Wang HL. Worldwide trend in human
papillomavirus–attributable cancer incidence rates between 1990 and 2012 and
Bayesian projection to 2030. Cancer 2021;127:3172–82.

19. IARC. Biological agents. Volume 100 B. A review of human carcinogens.
IARC Monogr Eval Carcinog Risks Hum 2012;100:1–441.

20. ChenW, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin 2016;66:115–32.

21. NCC. China Cancer Registry Annual Report 2018. People’s Medical Publishing
House; 2019.

22. Chen W, Xia C, Zheng R, Zhou M, Lin C, Zeng H, et al. Disparities by province,
age, and sex in site-specific cancer burden attributable to 23 potentially mod-
ifiable risk factors in China: a comparative risk assessment. Lancet Glob Health
2019;7:e257–69.

23. Plummer M, de Martel C, Vignat J, Ferlay J, Bray F, Franceschi S. Global burden
of cancers attributable to infections in 2012: a synthetic analysis. Lancet Glob
Health 2016;4:e609–16.

24. Kim HJ, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint
regression with applications to cancer rates. Stat Med 2000;19:335–51.

25. Deng JL. Control problems of grey systems. Syst Control Lett 1982;1:288–94.
26. Hansen BT, Campbell S, NygardM. Long-term incidence trends of HPV-related

cancers, and cases preventable by HPV vaccination: a registry-based study in
Norway. BMJ Open 2018;8:e019005.

27. Bao HL, Wang LH, Wang LM, Fang LW, Zhang M, Zhao ZP, et al. Study on the
coverage of cervical and breast cancer screening amongwomen aged 35–69 years
and related impact of socioeconomic factors in China, 2013. Zhonghua Liu Xing
Bing Xue Za Zhi 2018;39:208–12.

28. Chiao EY, Lensing SY, Wiley DJ, Deshmukh AA, Lee J, Darragh TM, et al.
Screening strategies for the detection of anal high-grade squamous intraepithelial
lesions in women living with HIV. AIDS 2020;34:2249–58.

29. Lin C, Slama J, Gonzalez P, Goodman MT, Xia N, Kreimer AR, et al. Cervical
determinants of anal HPV infection and high-grade anal lesions in women: a
collaborative pooled analysis. Lancet Infect Dis 2019;19:880–91.

30. Hong AM, Grulich AE, Jones D, Lee CS, Garland SM, Dobbins TA, et al.
Squamous cell carcinoma of the oropharynx in Australian males induced by
human papillomavirus vaccine targets. Vaccine 2010;28:3269–72.

31. Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E, et al.
Human papillomavirus and rising oropharyngeal cancer incidence in the United
States. J Clin Oncol 2011;29:4294–301.

32. Bray F, Laversanne M, Weiderpass E, Arbyn M. Geographic and temporal
variations in the incidence of vulvar and vaginal cancers. Int J Cancer 2020;147:
2764–71.

33. Wei W, Zeng H, Zheng R, Zhang S, An L, Chen R, et al. Cancer registration
in China and its role in cancer prevention and control. Lancet Oncol 2020;21:
e342–9.

34. de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide burden of
cancer attributable to HPV by site, country, and HPV type. Int J Cancer
2017;141:664–70.

Cancer Epidemiol Biomarkers Prev; 31(5) May 2022 CANCER EPIDEMIOLOGY, BIOMARKERS & PREVENTION1136

Duan et al.

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/31/5/1130/3119516/1130.pdf by guest on 19 M

ay 2023

https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-cancer/en/
https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-cancer/en/
https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-cancer/en/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice


