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Cervical cancer: Epidemiology, risk factors and screening
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Abstract

Cervical cancer is one of the leading causes of cancer death among females worldwide and its behavior
epidemiologically likes a venereal disease of low infectiousness. Early age at first intercourse and multiple sexual
partners have been shown to exert strong effects on risk. The wide differences in the incidence among different
countries also influenced by the introduction of screening. Although the general picture remains one of decreasing
incidence and mortality, there are signs of an increasing cervical cancer risk probably due to changes in sexual
behavior. Smoking and human papillomavirus (HPV) 16/18 are currently important issues in a concept of
multifactorial, stepwise carcinogenesis at the cervix uteri. Therefore, society-based preventive and control
measures, screening activities and HPV vaccination are recommended. Cervical cancer screening methods have
evolved from cell morphology observation to molecular testing. High-risk HPV genotyping and liquid-based
cytology are common methods which have been widely recommended and used worldwide. In future, accurate,
cheap, fast and easy-to-use methods would be more popular. Artificial intelligence also shows to be promising in
cervical cancer screening by integrating image recognition with big data technology. Meanwhile, China has
achieved numerous breakthroughs in cervical cancer prevention and control which could be a great demonstration
for other developing and resource-limited areas. In conclusion, although cervical cancer threatens female health, it
could be the first cancer that would be eliminated by human beings with comprehensive preventive and control

strategy.
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Introduction

Cervical cancer is the second common female malignant
tumor globally which seriously threatens female’s health.
Persistent infection of high-risk human papillomavirus
(HPV) has been clarified to be the necessary cause of
cervical cancer (1,2). The clear etiology accelerated the
establishment and implementation of comprehensive
prevention and control system of cervical cancer. In May
2018, the World Health Organization (WHO) issued a call
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for the elimination of cervical cancer globally, and more
than 70 countries and international academic societies
acted positively immediately (3-6). Thereafter, in
November 17, 2020, WHO released the global strategy to
accelerate the elimination of cervical cancer as a public
health problem to light the road of cervical cancer
prevention and control in future which mean that 194
countries promise together to eliminate cervical cancer for
the first time (7). At this milestone time point, we reviewed
the update progress of cervical cancer prevention and
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control in epidemiology, risk factors and screening, in
order to pave the way of cervical cancer elimination.

Epidemiology for cervical cancer

Cervical cancer is one of the leading causes of cancer death
among women (8). Over the past 30 years, the increasing
proportion of young women affected by cervical cancer has
ranged from 10% to 40% (9). According to the WHO and
International Agency for Research on Cancer (IARC)
estimates, the year 2008 saw 529,000 new cases of cervical
cancer globally. In developing countries, the number of
new cases of cervical cancer was 452,000 and ranked second
among malignancies in female patients (10). Conversely,
the number of new cases of cervical cancer was 77,000 in
developed countries and ranked tenth among female
malignancies.

In 2018 worldwide with an estimated 570,000 cases and
311,000 deaths, cervical cancer ranks as the fourth most
frequently diagnosed cancer and the fourth leading cause of
cancer death in women (11). However, approximately 85%
of the worldwide deaths from cervical cancer occur in
underdeveloped or developing countries, and the death rate
is 18 times higher in low-income and middle-income
countries compared with wealthier countries (12). Cervical
cancer ranks second in incidence and mortality behind
breast cancer in lower Human Development Index (HDI)
settings; however, it is the most commonly diagnosed
cancer in 28 countries and the leading cause of cancer
death in 42 countries, the vast majority of which are in
Sub-Saharan Africa and South Eastern Asia (13). The
highest regional incidence and mortality rates are seen in
Africa (14). In relative terms, the rates are 7-10 times lower
in North America, Australia/New Zealand, and Western
Asia (Saudi Arabia and Iraq) (15).

In China, cervical cancer is the second largest female
malignant tumor (11). According to the data from National
Cancer Center in 2015, there were 98,900 new cases and
30,500 deaths of cervical cancer (16). In the past 20 years,
the incidence and mortality of cervical cancer have been
increasing gradually in China (17).

Between 2004 and 2007, the Chinese scientific research
team, cooperated with WHO/IARC and the Cleveland
Medical Center in the United States in 8 rural and urban
areas (Xiangyuan county of Shanxi Province, Yangcheng
county of Shanxi Province, Xinmi county of Henan
Province, Hotan Prefecture of Xinjiang Uygur
Autonomous Region, Shanghai City, Beijing City,
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Shenzhen City of Guangdong Province, and Shenyang City
of Liaoning Province), carried out a population-based
multicenter HPV type distribution study among females
aged 15-59 years old, clarifying the dominant HPV types
of rural and urban populations in China, as well as female
HPYV infection status and age distribution (18). Studies
have confirmed that persistent infection of high-risk HPV
is closely related to the occurrence of cervical cancer.
There are 14 types of high-risk HPV, namely HPV16, 18,
31,33, 35, 39, 45, 51, 52, 56, 58, 59, 68 and 73. A multi-
center cross-sectional survey study showed that the
infection rate of high-risk HPV in China is about 14.3%,
and the dominant types are HPV16 (2.9%), HPVS52
(1.7%), HPV58 (1.5%), HPV33 (1%) and HPV18 (0.8%),
and showed double peaks during adolescence and
perimenopause (19). Globally, HPV16 has the highest
infection rate, HPV18 is the second most common type,
while HPV 33 is common in Asia, and HPV52 and HPV58
have relatively low infection rates. This shows that
compared with the global HPV epidemiology, HPV
epidemiology in China has both similarities and
differences.

Subsequently, the Chinese scientific research team
conducted a cross-sectional multi-center cervical cancer
and precancerous HPV genotyping study based on 19
hospitals in 7 geographic regions (Northeast China, North
China, Northwest China, Central China, East China,
Southwest, and South China). Through the pathological
laboratory procedures of strict quality control, it was found
that the dominant HPV types in cervical cancer tissue were
HPV16, 18, 31, 52 and 58, respectively, and that HPV16
and 18 were the most carcinogenic, which could cause
more than 84.5% of cervical cancer (20). The above
research on HPV dominant types from different
perspectives provides solid scientific evidence and support
for the future research and application of preventive HPV
vaccine and in vitro diagnostic technology, epidemiological
research and health economics research in the Chinese
population.

Risk factors for cervical cancer

A number of risk factors for cervical cancer are linked to
exposure to the HPV (21,22). Invasive cancer development
process could prolong up to 20 years from the precursor
lesion caused by sexually transmitted HPV (23). However,
there are also other numerous risk factors (such as
reproductive and sexual factors, behavioral factors, etc) for
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cervical cancers which include sexual intercourse at a young
age (<16 years old), multiple sexual partners, smoking, high
parity and low socio-economic level (24,25).

Sexually transmitted infections (STI)

HPV

The primary cause of pre-cancerous and cancerous cervical
lesions is infection with a high-risk or oncogenic HPV
types. Most cases of cervical cancer occur as a result of
infection with HPV16 and 18. High-risk types, especially
HPV16, are found to be highly prevalent in human
populations (22). The infection is usually transmitted by
sexual contact, causing squamous intraepithelial lesions.
Most lesions disappear after 6-12 months due to
immunological intervention. However, a small percentage
of these lesions remain and can cause cancer.

The results of a meta-analysis showed that the highest
prevalence of HPV occurs at the age of 25 years, which
could be related to changes in sexual behavior (26). In a
meta-analysis study, the bimodal distribution of cervical
cancer in some regions has been studied. In this
distribution, immediately after sexual intercourse, an
outbreak of HPV can be observed, which is followed by a
plateau at adult age; the second peak again is observed after
45 years old (27). Permanent infection with one of the
high-risk types of HPV over time leads to the development
of cervical intraepithelial neoplasia (CIN). The major
mechanisms through which HPV contributes to carcino-
genesis involve the activity of two viral oncoproteins, E6
and E7, which interfere with major tumor suppressor
genes, P53 and retinoblastoma. In addition, E6 and E7 are
associated with changes in host DNA and virus DNA
methylation. Interactions of E6 and E7 with cellular
proteins and DNA methylation modifications are
associated with changes in key cellular pathways that
regulate genetic integrity, cell adhesion, immune response,
apoptosis, and cellular control (28).

Human immunodeficiency virus (HIV)

The risk of developing infection from high-risk HPV types
is higher in women with HIV (29). The results of the
studies on the relationship between HIV and cervical
cancer suggested a higher rate of persistent HPV infection
with multiple oncogene viruses, more abnormal
Papanicolau (Pap) smears, and higher incidence of CIN
and invasive cervix carcinoma among people with HIV
(23). Women infected with HIV are at increased risk of

HPV infection at an early age (13—18 years) and are at high
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risk of cervical cancer. Compared with non-infected
women, HIV positive patients with cervical cancer are
diagnosed at an earlier age (1549 years old) (30).

Reproductive and sexual factors

Sexual partners

Factors relating to sexual behavior have also been linked to
cervical cancer. One study found that an increased risk of
cervical cancer is observed in people with multiple sexual
partners (31). Moreover, many studies have also suggested
that women with multiple sexual partners are at high risk
for HPV acquisition and cervical cancer (32,33). From the
meta-analysis, a significant increased risk of cervical
diseases was observed in individuals with multiple sexual
partners compared to individuals with few partners, both in
non-malignant cervical disease and in cervical cancer (34).
The association remained exist even after controlling for
the status of HPV infection, which is a major cause of
cervical cancer. Also, early age at first intercourse is a risk
factor for cervical cancer (35).

Oral contraceptive (OC) pills

OC pills are known to be a risk factor for cervical cancer.
In an international collaborative epidemiological study of
cervical cancer, the relative risk in current users increased
with an increase in the duration of OC use. It has been
reported that the use of OC for 5 years or more can double
the risk of cancer (36). And in a multi-center case-control
study, among women who tested positive for HPV DNA,
the risk of cervical cancer increased by 3 times if they have
used OC pills for 5 years or more (37). In addition, a recent
systematic review & meta-analysis also suggested that OC
pills use had a definite associated risk for developing
cervical cancer especially for adenocarcinoma. This study
concluded that use of OC pills is an independent risk factor
in causing cervical cancer (38).

Cervical cancer screening

With the background of cervical cancer elimination
worldwide, cervical cancer screening plays an increased role
in the comprehensive prevention and control besides HPV
vaccination, especially those methods that demonstrated
excellent clinical performance.

Overview of cervical cancer screening methods

The screening methods for cervical cancer are mainly as
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following: traditional Pap smear, visual inspection with
acetic acid & Lugol’s iodine (VIA/VILI), liquid-based
cytology (LBC) and HPV testing. The disease burden of
cervical cancer has been significantly reduced in developed
countries by Pap smear, mainly in the United States, since
1950s. However, the accuracy of traditional Pap smear
could be easily affected by following factors: the level of
cytological room, professional technicians, sampling
method, slide quality, dyeing skills, and cytological
personnel experience. In developed countries with high
standard experimental conditions and technical level, the
sensitivity of cytology is as high as 80%—90%, in contrast,
in resource-limited regions, it could be as low as
30%—40%. To overcome the limitations of traditional Pap
smear in cervical cancer screening, LBC was developed and
approved by Food and Drug Administration (FDA) in 1996
for clinical-use purpose. Compared with the traditional Pap
smear, the sensitivity of LBC was significantly improved.
Meanwhile, organized and practicable LBC screening
program has also been established in developed countries
which could ensure cervical cancer screening strategy is
carried out continuously and effectively.

Cervical cancer screening has been facilitated since the
cause clarified. HPV-based testing is a pivotal part for
cervical cancer screening besides cytology-based tests.

The detection of high-risk HPV in cervical lesion
biopsies and exfoliated cells has evolved from restriction
endonuclease cleavage patterns and hybridization
techniques to polymerase chain reaction (PCR)-based
system (39) and most recently next-generation sequencing
(NGS) assays (40). Currently, HPV genotyping is primarily
based on the detection of individual types by various
methods that utilizing the highly conserved L/ gene and
PCR-based methods. These PCR methods employed
consensus primers that could target and amplify different
sized fragments such as 455 bp with the MY09/11 I PGMY
system (41), 150 bp with the GP5+/6+ system (42), or <100
bp with SPF10 (43). And another point that is worth noting
is that all these techniques remained the most validated
methodology to identify and characterize clinically relevant
HPV (44-46).

Additionally, the type-specific probes are always to be
used to achieve HPV genotyping, besides DNA sequencing
(46,47). Other types of assays may be type-specific with
immediate discrimination and quantitation of specific HPV
types in an “onetube” assay. These methods employ real-
time (RT)-PCR techniques, coupled with beta-globin

detection for internal quality control utilizing specialized
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detection systems (48).

Cervical cancer malignant pathways are tightly
correlated to the viral E6 and E7 oncoprotein activities
which could also contribute to the accumulation of cellular
genomic mutations and viral integration (47). Therefore,
identification of HPV E6/E7 mRNA has been shown to be
promising in cervical cancer screening. And most of the
assays utilized reverse transcriptase PCR or nucleic acid
sequence-based amplification to identify E6/E7 genome
fragments (49).

Recently, the correlation between increased HPV CpG
site methylation levels and high-grade cervical lesions has
also been demonstrated in numerous studies and has
facilitated the development of quantitative assays targeted
CpG methylation (50,51).- Studies indicate that NGS assays
can provide single-molecule CpG methylation levels to
help unravel the mechanism of methylation in cervical
cancer development (39,50).

The application of HPV detection has accelerated the
transition of cervical cancer screening from morphology to
molecular biology. HPV testing was initially used as a
triage method for the reflex triage of population with
atypical squamous cells of undetermined significance (ASC-
US). In 2014, FDA approved HPV detection for the use in
cervical screening. Thereafter, HPV detection plays an
increasingly important role in the practice of cervical
cancer screening. At present, more than 425 HPV testing
has been developed worldwide, of which more than 150 is
from China. To restrict and standardize HPV testing
market, China released guidelines for the clinical
performance evaluation for HPV testing against clinical
endpoints in 2015. In other countries, it is also necessary to
set similar regulations in consideration that 59.7% of HPV
tests on the global market without a single peer-reviewed
publication (49). To improve the coverage of cervical
cancer screening, HPV testing that is rapid, simple,
inexpensive could be more popular and can further
promote the application in practice. In 2008, careHPV was
developed in China, which demonstrated excellent
performance in screening, although it was easy to use,
cheap, fast and friendly to the laboratory requirements
(52,53). In 2018, the careHPV achieved the pre-
qualification certification issued by WHO, which was
expected to benefit more people in developing countries
and resource-poor areas such as Africa and Southeast Asia
(54). In addition, the cost-effective reflex triage, referral of
women, and management strategies appropriate to various
resource level areas were also in evaluation (55-58).
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In recent years, with the rapid development of science
and technology, the application of artificial intelligence (AI)
based products is booming. In cervical cancer prevention
and control, Al also showed to be promising in cytology-
based screening and colposcopy examination based on the
image pattern recognition (59,60). These Al-based
technology or system can intelligently identify lesions and
assist medical staff in clinical examination and diagnosis
which could alleviate difficulties in diagnosis in primary
clinics.

Screening practice in China

In China, cervical cancer screening started since 1990s,
although late compared with Western countries, China still
achieved great breakthroughs. Common screening methods
were introduced into China for the first time after clinical
performance evaluation in high-risk areas which included
HPV DNA detection (Hybrid Capture II, HC2), LBC and
visual inspection with VIA/VILI (61-63). At the same time,
these studies also further made it clear that “one or more
HPV tests in a lifetime for cervical cancer screening could
be feasible in developing countries” which had important
impact on the clinical practice of cervical cancer screening
in China and even in the world.

In July 2019, the State Council issued the “Healthy
China Action (2019-2030)” plan, emphasizing the need to
move forward the diagnosis and treatment and optimize the
allocation of medical resources, from the treatment-
centered to the health-centered, and to improve health
level of the whole people. The program also clearly points
out that cervical cancer screening coverage rate needs to
reach more than 80% by 2030 (64), indicating the
importance and severity of cervical cancer prevention and
control.

Finally, the achievements of scientific research should be
able to be developed into products and applied in practice.
Based on the experience and study findings, two “National
Demonstration Base for Early Diagnosis and Treatment of
Cervical Cancer” were set up in Shenzhen Maternal and
Child Health Hospital (City type) and Xiangyuan Maternal
and Child Health Hospital (Rural type) in Shanxi Province
in February 2005 (65). Thereafter, National Health and
Family Planning Commission of China and China Women’
s Federation launched cervical cancer and breast cancer
screening program for women aged 35-64 years old in
rural areas in 2009 (66), which was also one of the major
public health service projects in China organized by
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national government. Different screening and management
strategies have been set up for various resource-level
regions. Up to 2017, the project has offered cervical cancer
screening for 73.99 million women. Currently, the project
has covered 1,501 counties (67). Meanwhile, China has
developed effective cervical cancer prevention and control
network which covered screening, diagnosis to treatment,
follow-up and rehabilitation step by integrating
government support and leadership, multi-sectors’
cooperation, professional personnel support and whole
society participation. In 2017, Chinese Preventive
Medicine Association released the “Guideline for
Comprehensive Prevention and Control of Cervical
Cancer” to further promote the standardized and
development of cervical cancer prevention and control in
China (68).

The priority of public health measures for cancer
prevention and control reflects the government and society’
s attention to public’s health, especially in resource-limited
areas, and also reflects the civilization and progress of a
country and society.

A large number of studies around the world have
confirmed that cervical cancer could be prevented and
controlled well by screening and early treatment. And it has
been widely recognized if only considering the effect of
cancer screening. However, the screening methods or
solutions with the best effect may be not the best one. In
the case of limited health resources, it is necessary to
analyze and compare the input and output of different
programs from the perspective of health economics which
included how to scientifically determine the initial age of
screening and time interval, select appropriate screening
programs according to local health resources, and focus on
cancer intervention in order to maximize the use of limited
health resources. And then, we could determine the
screening solution that not only has a good effect of disease
prevention and control, but also is in line with the principle
of cost-effectiveness.

Conclusions

The disease burden of cervical cancer has decreased
significantly in developed countries and regions in last
decades, however it is still serious in less developed
countries and regions, and effective preventive measures in
these areas still face serious challenges. At present, there
are various available prevention and control measures that
are cost-effective and scientific evidence-based to meet the
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needs of areas with different economic levels. It is
gratifying to note that the globe has achieved a strategic
consensus on the elimination of cervical cancer and also has
developed and released the global strategy to accelerate the
elimination of cervical cancer. Although the global
elimination of cervical cancer has a long way to go, it is
believed that through large-scale continuous promotion
and widely use of existing effective prevention and control
measures, cervical cancer will become the first cancer
eliminated by human beings.

Acknowledgements

This study was supported by grants from the Chinese
Academy of Medical Sciences Innovation Fund for Medical
Sciences (No. 2017-12M-B&R-03 and No. 2016-12M-1-
019).

Footnote

Conflicts of Interest: The authors have no conflicts of
interest to declare.

References

1. zur Hausen H. Papillomaviruses in anogenital cancer
as a model to understand the role of viruses in human
cancers. Cancer Res 1989;49:4677-81.

2. Walboomers JM, Jacobs MV, Manos MM, et al.
Human papillomavirus is a necessary cause of invasive
cervical cancer worldwide. J Pathol 1999;189:12-9.

3. A call to action to eliminate cervical cancer globally.
Awvailable online: https://www.uicc.org/news/a%C2 %
AQcall-action-eliminate-cervical-cancer-globally

4.  Garland SM, Giuliano A, Brotherton J, et al. IPVS
statement moving towards elimination of cervical
cancer as a public health problem. Papillomavirus Res
2018;5:87-8.

5. WHO Director-General calls for all countries to take
action to help end the suffering caused by cervical
cancer. Available online: https://www.paho.org/hg/index.
php?option=com_content&viewarticle&id14358:who-
director-general-calls-for-all-countries-to-take-
action-to-help-end-the-suffering-caused-by-cervical-
cancer&Itemid40591&langen

6. Herrero R. Elimination of cervical cancer in Latin
America. Salud Publica Mex (in Spanish) 2018;60:621-3.

© Chinese Journal of Cancer Research. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

WWW.cjcren.org

725

A cervical cancer-free future: First-ever global
commitment to eliminate a cancer. Available online:
https://www.paho.org/en/news/17-11-2020-cervical-
cancer-free-future-first-ever-global-commitment-
eliminate-cancer

Mattiuzzi C, Lippi G. Cancer statistics: a comparison
between World Health Organization (WHO) and
Global Burden of Disease (GBD). Eur ] Public Health
2020;30:1026-7.

Song B, Ding C, Chen W, et al. Incidence and
mortality of cervical cancer in China, 2013. Chin ]
Cancer Res 2017;29:471-6.

Ferlay J, Shin HR, Bray F, et al. Estimates of
worldwide burden of cancer in 2008: GLOBOCAN
2008. IntJ Cancer 2010;127:2893-917.

Bray F, Ferlay J, Soerjomataram I, et al. Global cancer
statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 2018;68:394-424.
Prabhu M, Eckert LO. Development of World
Health Organization (WHO) recommendations for
appropriate clinical trial endpoints for next-
generation Human Papillomavirus (HPV) vaccines.
Papillomavirus Res 2016;2:185-9.

Ferlay J, Colombet M, Soerjomataram I. Global and
Regional Estimates of the Incidence and Mortality for
38 Cancers: GLOBOCAN 2018. Lyon: International
Agency for Research on Cancer/World Health
Organization, 2018.

Olorunfemi G, Ndlovu N, Masukume G, et al.
Temporal trends in the epidemiology of cervical
cancer in South Africa (1994-2012). Int ] Cancer 2018;
143:2238-49.

Small W Jr., Bacon MA, Bajaj A, et al Cervical cancer:
A global health crisis. Cancer 2017;123:2404-12.
Chen W, Zheng R, Baade PD, et al. Cancer statistics
in China, 2015. CA Cancer J Clin 2016;66:115-32.
Lei T, Mao WM, Lei TH, et al. Incidence and
mortality trend of cervical cancer in 11 cancer
registries of China. Chin J Cancer Res 2011;23:10-4.
Zhao FH, Lewkowitz AK, Hu SY, et al. Prevalence of
human papillomavirus and cervical intraepithelial
neoplasia in China: a pooled analysis of 17 population-
based studies. Int ] Cancer 2012;131:2929-38.

Wu EQ, Liu B, Cui JF, et al. Prevalence of type-

specific human papillomavirus and pap results in

Chin J Cancer Res 2020;32(6):720-728


https://www.uicc.org/news/a%C2%A0call-action-eliminate-cervical-cancer-globally
https://www.uicc.org/news/a%C2%A0call-action-eliminate-cervical-cancer-globally
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer
https://www.uicc.org/news/a%C2%A0call-action-eliminate-cervical-cancer-globally
https://www.uicc.org/news/a%C2%A0call-action-eliminate-cervical-cancer-globally
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/hq/index.php?option=com_content&view=article&id=14358:who-director-general-calls-for-all-countries-to-take-action-to-help-end-the-suffering-caused-by-cervical-cancer&Itemid=40591&lang=en
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer
https://www.paho.org/en/news/17-11-2020-cervical-cancer-free-future-first-ever-global-commitment-eliminate-cancer

726

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Chinese women: a multi-center, population-based
cross-sectional study. Cancer Causes Control 2013;
24:795-803.

Chen W, Zhang X, Molijn A, et al. Human
papillomavirus type-distribution in cervical cancer in
China: the importance of HPV 16 and 18. Cancer
Causes Control 2009;20:1705-13.

Wang Z, Wang J, Fan J, et al. Risk factors for cervical
intraepithelial neoplasia and cervical cancer in
Chinese women: large study in Jiexiu, Shanxi
Province, China. J Cancer 2017;8:924-32.

Cohen PA, Jhingran A, Oaknin A, et al. Cervical
cancer. Lancet 2019;393:169-82.

Yuan Y, Cai X, Shen F, et al. HPV post-infection
microenvironment and cervical cancer. Cancer Lett
2021;497:243-54.

Ghebre RG, Grover S, Xu MJ, et al. Cervical cancer
control in HIV-infected women: Past, present and
future. Gynecol Oncol Rep 2017;21:101-8.

Roura E, Castellsagué X, Pawlita M, et al. Smoking as
a major risk factor for cervical cancer and pre-cancer:
results from the EPIC cohort. Int J Cancer 2014;
135:453-66.

Crosbie EJ, Einstein MH, Franceschi S, et al. Human
papillomavirus and cervical cancer. Lancet 2013;
382:889-99.

Bruni L, Diaz M, Castellsagué X, et al. Cervical
human papillomavirus prevalence in 5 continents:
meta-analysis of 1 million women with normal
cytological findings. J Infect Dis 2010;202:1789-99.
Mittal S, Banks L. Molecular mechanisms underlying
human papillomavirus E6 and E7 oncoprotein-
induced cell transformation. Mutat Res Rev Mutat
Res 2017;772:23-35.

Stelzle D, Tanaka LF, Lee KK, et al. Estimates of the
global burden of cervical cancer associated with HIV.
Lancet Glob Health 2020:S2214-109X(20)30459-9.
Adler DH, Wallace M, Bennie T, et al. Cervical
dysplasia and high-risk human papillomavirus
infections among HIV-infected and HIV-uninfected
adolescent females in South Africa. Infect Dis Obstet
Gynecol 2014;2014:498048.

Cooper D, Hoffman M, Carrara H, et al.
Determinants of sexual activity and its relation to
cervical cancer risk among South African women.

BMC Public Health 2007;7:341.

© Chinese Journal of Cancer Research. All rights reserved.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

WWW.cjcren.org

Zhang et al. Epidemiology and screening of cervical cancer

Remschmidt C, Kaufmann AM, Hagemann I, et al.
Risk factors for cervical human papillomavirus
infection and high-grade intraepithelial lesion in
women aged 20 to 31 years in Germany. Int J
Gynecol Cancer 2013;23:519-26.

Clements AE, Raker CA, Cooper AS, et al. Prevalence
and patient characteristics associated with CIN 3 in
adolescents. Am J Obstet Gynecol 2011;204:128.e1-7.
Liu ZC, Liu WD, Liu YH, et al. Multiple sexual
partners as a potential independent risk factor for
cervical cancer: a meta-analysis of epidemiological
studies. Asian Pac J Cancer Prev 2015;16:3893-900.
Louie KS, de Sanjose S, Diaz M, et al. Early age at
first sexual intercourse and early pregnancy are risk
factors for cervical cancer in developing countries. Br
J Cancer 2009;100:1191-7.

International Collaboration of Epidemiological
Studies of Cervical Cancer, Appleby P, Beral V, et al.
Cervical cancer and hormonal contraceptives:
collaborative reanalysis of individual data for 16,573
women with cervical cancer and 35,509 women
without cervical cancer from 24 epidemiological
studies. Lancet 2007;370:1609-21.

Muifioz N, Franceschi S, Bosetti C, et al. Role of
parity and human papillomavirus in cervical cancer:
the JARC multicentric case-control study. Lancet
2002;359:1093-101.

Asthana S, Busa V, Labani S. Oral contraceptives use
and risk of cervical cancer-A systematic review &
meta-analysis. Eur ] Obstet Gynecol Reprod Biol
2020;247:163-75.

Harari A, Chen Z, Burk RD. Human papillomavirus
genomics: past, present and future. Curr Probl
Dermatol 2014;45:1-18.

Conway C, Chalkley R, High A, et al. Next-
generation sequencing for simultaneous
determination of human papillomavirus load, subtype,
and associated genomic copy number changes in
tumors. ] Mol Diagn 2012;14:104-11.

Resnick RM, Cornelissen M'T, Wright DK, et al.
Detection and typing of human papillomavirus in
archival cervical cancer specimens by DNA
amplification with consensus primers. ] Natl Cancer
Inst 1990;82:1477-84.

de Roda Husman AM, Walboomers JM, van den
Brule AJ, et al. The use of general primers GP5 and

Chin J Cancer Res 2020;32(6):720-728



Chinese Journal of Cancer Research, Vol 32, No 6 December 2020

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

GP6 elongated at their 3’ ends with adjacent highly
conserved sequences improves human papillomavirus
detection by PCR. J Gen Virol 1995;76:1057-62.
Castle PE, Porras C, Quint WG, et al. Comparison of
two PCR-based human papillomavirus genotyping
methods. ] Clin Microbiol 2008;46:3437-45.

Arbyn M, Verdoodt F, Snijders PJ, et al. Accuracy of
human papillomavirus testing on self-collected versus
clinician-collected samples: a meta-analysis. Lancet
Oncol 2014;15:172-83.

Snijders PJ, van den Brule AJ, Schrijnemakers HF,
et al. The use of general primers in the polymerase
chain reaction permits the detection of a broad
spectrum of human papillomavirus genotypes. ] Gen
Virol 1990;71:173-81.

Qu W, Jiang G, Cruz Y, et al. PCR detection of
human papillomavirus: comparison between MY09/
MY11 and GP5+/GP6+ primer systems. ] Clin
Microbiol 1997;35:1304-10.

Tjalma WA, Depuydt CE. Cervical cancer screening:
which HPV test should be used -- L1 or E6/E7? Eur J
Obstet Gynecol Reprod Biol 2013;170:45-6.

Kerr DA, Sweeney B, Arpin RN 3rd, et al. Automated
extraction of formalin-fixed, paraffin-embedded tissue
for high-risk human papillomavirus testing of head
and neck squamous cell carcinomas using the Roche
Cobas 4800 System. Arch Pathol Lab Med 2016;
140:844-8.

Poljak M, Ostrbenk Valenéak A, Gimpelj Domjani¢
G, et al. Commercially available molecular tests for
human papillomaviruses: a global overview. Clin
Microbiol Infect 2020;26:1144-50.

Clarke MA, Wentzensen N, Mirabello L, et al.
Human papillomavirus DNA methylation as a
potential biomarker for cervical cancer. Cancer
Epidemiol Biomarkers Prev 2012;21:2125-37.

Gu YY, Zhou GN, Wang Q, et al. Evaluation of a
methylation classifier for predicting pre-cancer lesion
among women with abnormal results between
HPV16/18 and cytology. Clin Epigenetics 2020;
12:57.

Qiao YL, Sellors JW, Eder PS, et al. A new HPV-
DNA test for cervical-cancer screening in developing
regions: a cross-sectional study of clinical accuracy in
rural China. Lancet Oncol 2008;9:929-36.

Arbyn M, Walker A, Meijer CJ. HPV-based cervical-

© Chinese Journal of Cancer Research. All rights reserved.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

WWW.cjcren.org

727

cancer screening in China. Lancet Oncol 2010;11:1112-3.
QIAGEN’s careHPV™ Test wins WHO prequalifica-
tion status for cervical cancer screening. Available
online: https://corporate.qiagen.com/newsroom/
press-releases/2018/20180801_who_carehpv/
Zaragoza OP, Deas ], Gémez-Cer6n G, et al. HPV-
based screening, triage, treatment, and followup
strategies in the management of cervical intra-
epithelial neoplasia. Obstet Gynecol Int 2013;
2013:912780.

Zhao FH, Jeronimo J, Qiao YL, et al. An evaluation
of novel, lower-cost molecular screening tests for
human papillomavirus in rural China. Cancer Prev
Res 2013;6:938-48.

Zhao FH, Lewkowitz AK, Chen F, et al. Pooled
analysis of a self-sampling HPV DNA test as a
cervical cancer primary screening method. J Natl
Cancer Inst 2012;104:178-88.

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

Bao H, Sun X, Zhang Y, et al. The artificial
intelligence-assisted cytology diagnostic system in
large-scale cervical cancer screening: A population-
based cohort study of 0.7 million women. Cancer
Med 2020;9:6896-906.

Bao H, Bi H, Zhang X, et al. Artificial intelligence-
assisted cytology for detection of cervical intra-
epithelial neoplasia or invasive cancer: A multicenter,
clinical-based, observational study. Gynecol Oncol
2020;159:171-8.

Belinson J, Qiao Y, Pretorius R, et al. Shanxi Province
cervical cancer screening study II: self-sampling for
high-risk human papillomavirus compared to direct
sampling for human papillomavirus and liquid based
cervical cytology. Int ] Gynecol Cancer 2003;13:819-26.
Pan QJ, Hu SY, Zhang X, et al. Pooled analysis of the
performance of liquid-based cytology in population-
based cervical cancer screening studies in China.
Cancer Cytopathol 2013;121:473-82.

Zhao FH, Lin M]J, Chen F, et al. Performance of
high-risk human papillomavirus DNA testing as a
primary screen for cervical cancer: a pooled analysis of
individual patient data from 17 population-based
studies from China. Lancet Oncol 2010;11:1160-71.
Healthy China Action Plan (2019-2030). Available
online: http://en.nhc.gov.cn/HealthyChinaAction

Chin J Cancer Res 2020;32(6):720-728


https://corporate.qiagen.com/newsroom/press-releases/2018/20180801_who_carehpv/
https://corporate.qiagen.com/newsroom/press-releases/2018/20180801_who_carehpv/
http://en.nhc.gov.cn/HealthyChinaActionPlan.html
https://corporate.qiagen.com/newsroom/press-releases/2018/20180801_who_carehpv/
https://corporate.qiagen.com/newsroom/press-releases/2018/20180801_who_carehpv/
http://en.nhc.gov.cn/HealthyChinaActionPlan.html

728
Plan.html

65. Wen C. China’s plans to curb cervical cancer. Lancet
Oncol 2005;6:139-41.

66. The management protocol for cervical and breast
cancer screening project for rural women residents.
Available online: http://www.nhc.gov.cn/fys/s3581/
200906/cd3c33a7ad624a50b8100b262041dabe.shtml

67. National Health Commission of the People’s

©

Cite this article as: Zhang S, Xu H, Zhang L, Qiao Y.
Cervical cancer: Epidemiology, risk factors and screening.
Chin J Cancer Res 2020;32(6):720-728. doi:10.21147/j.issn.
1000-9604.2020.06.05

Chinese Journal of Cancer Research. All rights reserved.

68.

WWW.cjcren.org

Zhang et al. Epidemiology and screening of cervical cancer

Republic of China. The update of cervical and breast
cancer screening project for rural women residents.
Available online: http://www.nhc.gov.cr/jkfpwlz/gzdtlur/
201902/6a19776dd4374223a07dfe9t76ed5157.shtml
Wang L, Zhao G. Expert panel interpretation:
Comprehensive prevention and control guidelines for
cervical cancer in China. Zhongguo Fu You Jian Kang
Yan Jiu (in Chinese) 2018;29:1-3.

Chin J Cancer Res 2020;32(6):720-728


http://en.nhc.gov.cn/HealthyChinaActionPlan.html
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml
http://en.nhc.gov.cn/HealthyChinaActionPlan.html
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://en.nhc.gov.cn/HealthyChinaActionPlan.html
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://www.nhc.gov.cn/fys/s3581/200906/cd3c33a7ad624a50b8100b262041dabe.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml
http://www.nhc.gov.cn/jkfpwlz/gzdt1ur/201902/6a19776dd4374223a07dfe9f76ed5157.shtml

