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Introduction
Cervical cancer ranks fourth among malignancies in female pa-
tients worldwide. It starts in the lower part of the uterus and occurs 
on the surface of the cervix. The main causative agents of cervical 
cancer are human papillomaviruses (HPVs) that invade stratified 
epithelia.1 For many cases, the transiently viral infection can be 
self-cleared by the human immune system within 6–18 months.1,2 
HPV persistent infection usually takes years or even decades after 
primary infection, resulting in premalignant diseases or cervical 
malignancy.3 The cancer development is divided into three stages: 
normal, cervical squamous intraepithelial lesion (SIL, also called 
cervical intraepithelial lesion [CIN]), and cervical cancer.3

There are no specific effective treatments for cervical cancer 
except surgical approaches, given that the pathogenesis of cervi-
cal cancer and HPV replication is still poorly understood. Some 
treatments have currently been applied, which can control disease 
progression or prolong survival time to various extents.4 Other 
options to reduce morbidity and mortality include prevention and 
screening, the two most effective interventions, namely the pri-
mary (HPV vaccine) and secondary (screening) approaches.5 Vac-
cines have been developed recently to block the infection of differ-

ent HPV types.6 On the other side, the implementation of cervical 
cancer screening is particularly important, allowing women to be 
aware of their self-status and to be appropriately treated as early 
as possible to stop the transition to cervical cancer. This mini-re-
view aims to summarize the current knowledge of cervical cancer 
screening and prevention. Before describing it, we will introduce 
the concept of cervical cancer and its related HPV replication, fol-
lowed by the details of the screening and prevention in the next 
sections.

The overview of cervical cancer

The epidemiology of cervical cancer
Cervical cancer ranks fourth, after breast, colorectal, and lung can-
cers, among malignancies in female patients worldwide. Interna-
tional Agency for Research on Cancer reported 604,000 new cases 
and 342,000 deaths related to cervical cancer globally in 2020. 
Its morbidity and mortality rates account for 6.6% and 7.7%, re-
spectively, among all cancers.7 According to the World Health Or-
ganization (WHO), cervical cancer will cause more than 443,000 
global deaths annually by 2030.

The mortality rates of cervical cancer vary based on popula-
tion locations and economic conditions. Approximately 85% of 
the deaths occur in underdeveloped or developing countries.8 For 
instance, the data of Global Cancer Statistics of 2020 showed that 
cervical cancer has extremely high mortality in some underdevel-
oped areas such as sub-Saharan Africa, Melanesia, South America, 
and some parts of Southeast Asia, as well as most parts of Africa. In 
contrast, 7 to 10 times lower morbidity and mortality are observed 
in developed areas like North America, Australia, and others.7,9

The majority of deaths from cervical cancer occur among the 
population of older ages. This can be explained by the fact that 
HPV infection and primary cervical precancerous lesions are often 
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asymptomatic in patients for the first few years and will progress 
to cancer much later.10,11 Globally, the average age for the diagno-
sis is 53 years, while the average decreased age is 59 years.12 For 
example, the mean diagnosis age in Singapore was 68 in 2018, and 
the average age of death was 76 in Martinique in the same year.13 
70% of deaths occurred in women older than 50 years in South 
Africa during 2004–2012, with around 25% of diagnosed patients 
aged between 40 to 49.14 The median diagnosis age in the USA was 
47 years in 2003.15 The reason for the age differences among many 
areas might come from the low economic levels, the poor living 
conditions, and the insufficient medical service in these undevel-
oped regions. In addition, those local people lack the awareness of 
seeking medical attention, even if diagnosed with the disease.

The characteristics of cervical cancer
Compared to other women-susceptible cancers, cervical cancer 
has unique characteristics. Firstly, progression to cervical cancer 
can be triggered by many risk factors, including HPV infection, 
immunodeficiencies,16 sexual and reproductive factors, long-term 
oral contraceptive use,17 smoking, and chlamydia trachomatis in-
fection.18,19 Among them, the HPV persistent infection is consid-
ered the primary causing factor,20 which is associated with a histo-
ry of sexually-transmitted infection, HPV-related vulvar or vaginal 
disorders, and multiple sexual partners.14,21 Approximately 85% 
to 90% of HPV infections can be cleared spontaneously over sev-
eral months by the human immune system, and only 10% to 15% 
persist.22 Of these, only 0.3%–1.2% of initial infections will even-
tually progress from high SIL to invasive cervical cancer.16 The 
high-risk HPV (hr-HPV) subtypes are responsible for almost all 
cases of cervical cancer. The majority of HPV infections display 
no signs of cervical cancer in patients for the first few years. Once 
patients present with the symptoms, most of them are diagnosed at 
the advanced stages of cancer.

Secondly, cervical cancer experiences progressive development 
from normal epithelium lesions to premalignant squamous intraep-
ithelial lesions (SIL), including low-grade SIL (LSIL) and high-
grade SIL (HSIL). LSIL (also referred to as CIN1) is categorized 
as mild dysplasia, while high SIL (also referred to as CIN2/3) is a 
dysplastic lesion.23,24 During this process, HPVs rapidly replicate 
themselves in either episomal or integrated forms. It remains un-
known what determines whether an HPV infection will naturally 
regress to normalcy or progress to high-grade lesions (HSIL or 
cervical cancer).25

The treatment of cervical cancer
People often show no symptoms in the early stages and will not 
seek medical attention until they become severe to interfere with 
their daily activities. Most LSILs eliminate on their own. HSILs 
require immediate treatments, depending on the location of the le-
sions. The current treatments include hysterectomy, radiotherapy, 
chemotherapy, or a combination. Radical hysterectomy is the pri-
mary method, and excisional therapy with cervical conization or 
LEEP is the gold standard for treating HSIL. Chemotherapy and 
radiotherapy are considered adjunctive approaches.

Chemotherapy is applied as a less damaging treatment for pa-
tients independently or in combination with surgical and radia-
tion therapies. Many agents, such as cidofovir (acrylic nucleoside 
phosphonate derivative), podophyllin (cytotoxin inducing mitotic 
arrest), vidarabine (DNA polymerase inhibitor) and interferons, 
impart antiviral and immunomodulatory functions to treat cervi-
cal cancer. Other drugs like cisplatin, 5-fluorouracil, carboplatin, 
paclitaxel, and topotecan are used to treat advanced and recurrent 

cervical lesions. The exact drug names are listed in Table 1.26–34 
Among them, cisplatin is the most effective, inducing oxidative 
stress and apoptosis in cancer cells.35

Those classical treatments come with various side effects. First-
ly, surgeries cause additional damage to nearby tissues and blood 
vessels. Certain complications, such as post-operative hemorrhage, 
blood aggregation, and post-operative infection, may arise during 
and/or after hysterectomy in vivo.36 Secondly, radiotherapy can not 
avoid killing a significant number of normal cells. Finally, chemo-
therapy may cause the human body to develop drug resistance.

Those treatments cannot satisfy all patients with various condi-
tions. For example, conservative treatment is urgently needed for 
pregnant women to reduce the damage to the fetus and mother. 
On the other hand, female hormonal variation must be considered 
during novel treatment development because the variation may 
promote viral reactivation during pregnancy to accelerate the pro-
gression of cervical cancer. Neoadjuvant Chemotherapy37 has been 
reported to control the tumor and delay delivery until fetal maturity 
without serious adverse events on the mother and fetus. It is also 
usually applied to other cervical cancer patients before radical sur-
gical resections. Brachytherapy38 has fewer side effects than tradi-
tional radiotherapy and shortens the overall treatment time, which 
may also benefit pregnant patients. In addition, cervical conization 
is a good choice that does not harm the fetus, the mother, or even 
the conception process.39 To develop more effective treatments, it 
is crucial to better understand the pathogenesis of cervical cancer 
and the mechanisms of how HPVs infect the host cells and accom-
plish their replication.

The relationship between HPV and cervical cancer
HPVs are small, non-enveloped double-strand DNA viruses. Over 
400 isolates have been reported in the papillomaviridae family, and 
over 200 have been identified to infect humans.40 HPVs contain 
episomal DNA genomes of approximately 8 kb, encased in non-
enveloped icosahedral capsids of about 55 nm in diameter. The 
HPV genome can be divided into three major regions: an early 
region (E), a late region (L), and a long control region (or upstream 
regulatory region).41 The early region encodes at least seven viral 
proteins with different regulatory functions (E1, E2, E4, E5, E6, 
E7, and E8), while the late region mainly encodes two viral struc-
tural proteins, L1 and L2.40 In addition, the upstream regulatory 
region contains the viral cis-acting regulatory sequences that regu-
late viral replication, transcription and post-transcriptional control 
via the late regulatory element.41

HPV subtypes
According to the association with cervical cancer, HPVs are de-
fined as low-risk and high-risk groups. Low-risk HPV types are 
often associated with anogenital warts, cutaneous lesions, benign 
mucosal lesions, and recurrent respiratory papillomatosis.42 High-
risk HPV types are responsible for over 99.7 % of cervical cancer 
cases.43,44 There are 15 hr-HPVs: HPV16, 18, 31, 33, 35, 39, 45, 
51, 52, 56, 58, 59, 68, 73, and 82. Among these, HPV16 is the 
most prevalent subtype globally, followed by HPV18.45 These two 
subtypes account for 55% and 15 % of the total cervical cancer 
cases, respectively.43

HPV can also be classified into five evolutionary HPV geno-
type groups (α, β, γ, µ, and ν),46 based on the sequencing similarity 
of the viral genomes. Of these, the α-HPVs, as the largest group, 
contain 64 subtypes (including 15 hr-HPVs mentioned above) that 
mainly infect mucosal epithelia. The second group, β-HPVs, main-
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ly infect cutaneous epithelia and are associated with non-melano-
ma squamous cell carcinomas.47,48 Other three groups often cause 
only benign diseases.43

The function of viral proteins
During the HPV life cycle, the viral proteins play multiple function-
al roles. The early proteins regulate the host cellular environment 
and viral genome replication. Viral proteins E1, E2, E6, and E7 are 
best studied. For example, E1, in tandem with E2, regulates the 
immediate-early viral transcription. Expression of E2 regulates the 
viral early promoter activities to direct expression of E6 and E7, en-
suring the continued survival of HPV-infected cells. The repression 
of the p97 promoter activities by E2 leads to the low expression of 
the viral proteins in infected basal cells to escape the immune sur-
veillance.43,49,50 The E6 and E7 oncoproteins can act individually 
or co-operatively to delay terminal differentiation and to prevent 
cell cycle exit, providing a suitable environment for further genome 
amplification.51,52 Capable of modulating the immune response to 
the viral infection, E6 is required for episomal genome maintenance 
and inhibition of host cell apoptosis via the degradation of p53. The 
degradation of pRb by E7 results in unscheduled entry into the S 
phase of the cell cycle to promote cell transformation eventually.53

Capsid proteins L1 and L2 are responsible for viral genome pro-
tection and the entry of HPVs to the host epithelial cells. The L1 
protein can bind to heparin sulfate proteoglycans on the surface 
of basal keratinocytes. The minor capsid protein L2 contributes 
to the interaction of virions with the secondary receptors after the 
primary attachment of virions.43,54–57 L2 is also important for the 
nuclear transport of the viral genome to initiate viral replication.58

HPV life cycle
It is well known that HPVs specifically infect the settled parts of 
the human body. They exclusively replicate in keratinocytes within 
squamous epithelia of the cutaneous or mucosal surfaces.59 HPVs 
enter into the basal layer cells of the epithelium through micro-
abrasions or the single-layered squamous cellular junction to per-
sist their infection.60,61 Once the persistent infection is established, 
the genome is thought to be replicated around 50–100 copies per 
cell, using host replication machinery.57 As the infected basal cell 
divides, one daughter cell remains in the basal layer, while the 
other migrates to the upper suprabasal layers as it undergoes ter-
minal differentiation. Upon differentiation, the genome levels rap-
idly increase to around thousand copies per cell in a process called 
amplification. This amplification is strictly associated with epithe-
lial differentiation, followed by virion production. The production 
requires the expression of the viral L1, L2, and E1∧E4 proteins. 
The new virions are assembled in the nucleus and released in the 
uppermost layers of the epithelium.

Cervical cancer screening
Because HPV infection and cervical precancerous lesions are often 
asymptomatic at early stages of cancer formation, it is necessary to 
develop effective screening and prevention strategies against cer-
vical cancer. The effective HPV vaccine prevention and screening 
measures allow cervical cancer to be treatable by surgical resec-
tion and concurrent chemoradiation. However, public awareness 
of these measures still needs to be emphasized. We will next intro-
duce the current knowledge of cervical cancer screening.

Screening methods
With the development of screening techniques (Fig. 1), the asymp-

tomatic disease has gradually become foreseeable at its early stag-
es. Currently, the common screening methods include cytological 
examination, HPV detection, ultrasound examination, magnetic 
resonance examination, etc. Regarding the appropriate age of 
screening, the US Preventive Services Task Force suggests that 
women aged 21 to 29 years should be screened every three years 
with cytology alone and that women aged 30 to 65 years opt for cy-
tology alone every three years, hr-HPV testing every five years, or 
both tests (co-testing) every five years. It is unnecessary to screen 
women older than 65 who have had adequate prior screening and 
women younger than 21 years who have done at least one-time 
screening before.62 Importantly, an HPV-positive screening result 
requires patients for additional tests such as referral to colposcopy 
or testing repeats. In contrast, an HPV-negative result allows a safe 
extension of the screening interval, clearly demonstrated in a 14-
year follow-up study of a population-based randomized cohort in 
the Netherlands.63 In this study, cervical cancer incidences among 
HPV-negative women at different intervals are not significantly 
different.64 Therefore, the recommended screening interval for 
HPV-negative women in Europe can be extended up to 10 years 
depending on age and screening history.

Cytological examination
Cervical cytology is the simplest and most effective examination 
method for early diagnosis of cervical cancer. Pap smear (also 
called Pap test) was developed to detect cervical epithelial cell 
lesions 50 years ago. This technique plays an important role in 
diagnosing malignant tumors and precancerous lesions. Although 
its clinical application reduces the mortality of cervical cancer pa-
tients, Pap smear has a high false negative rate. In addition, Pap 
smear samples are usually blurry due to the influence of various 
factors, leading to unpredictable detection errors.

Thin prep cytologic test (TCT) is a liquid-based thin layer de-
tection system to make cytological classification diagnoses. TCT 
is an advanced cytologic test with a lower false negative rate for 
cervical cancer and precancerous lesions than Pap smear. Another 
advantage of TCT is its’ higher detection rate with a clearer back-
ground after the removal of blood, mucus, and inflammatory cells 
in the specimen. The detection rate of cervical cancer cells by TCT 
is 100%, and TCT can also find some precancerous lesions. This 
breakthrough identifies those patients with carcinogenesis at much 
earlier stages and helps the patients get earlier and more effective 
treatments. The shortcoming of TCT is that the accuracy of the 
screening is determined by the subjective consciousness of the pa-
thologists. Alternatively, the molecular test of HPV DNA has been 
gradually appreciated as a more objective and sensitive tool than 
the cytological test.

hr-HPV detection
In recent years, HPV detection has become the necessary screening 
method for cervical cancer. As mentioned above, cervical cytology 
mainly identifies precancerous lesions or cervical cancer. As an ad-
junct measure to cervical cytology, HPV testing identifies women 
with cervical diseases and those at risk of developing cervical can-
cer later.65 Meanwhile, HPV detection provides detailed informa-
tion on HPV genotyping, which helps clinicians understand the 
related pathology and possibly provides more precise treatments.

Various detection kits have been applied to identify hr-HPVs, 
most of which are based on nucleic acid amplification. Since 2001, 
five of them have been approved by the US Food and Drug Ad-
ministration (FDA), including the Hybrid Capture 2 (HC-2) HPV 
DNA test, Cervista HPV HR test, Cobas 4800 HPV test, Aptima 
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HPV assay, and BD Onclarity HPV assay. Among these, HC-2 
technology is a non-radioactive HPV-DNA detection method to 
determine HPV DNAs at molecular biology levels. Cervista HPV 
HR test, approved in 2009 by the FDA for combined examination 
with TCT specimens, targets specific nucleic acid sequences of L1, 
E6, and E7 genes.66 The test covers 14 hr-HPV types but cannot 
distinguish any in between.

To improve operational convenience, the Cobas and Aptima 
HPV tests were approved in 2011 by FDA for use with thin prep 
specimens, compared to the two methods described above. The 
Cobas is a qualitative test that amplifies L1 DNA of 14 hr-HPV 
types by PCR and nucleic acid hybridization. The test specifically 
identifies HPV16 and 18 without needing a separate examination. 
This test stayed on the historical stage shortly,67 likely because 
it had not been adequately validated in HPV-vaccinated women. 
The Aptima HPV test is designed for qualitatively detecting E6/
E7 viral mRNAs of 14 hr-HPV types without genotyping test in-

cluded.67 The rationale behind this is that the existence of the E6/
E7 mRNAs is considered not stable for transient infection but for 
persistent infection. To distinguish hr-HPV subtypes better, The 
BD Onclarity HPV Assay was approved by FDA in early 2018. 
The fully automated assay utilizes real-time PCR and nucleic acid 
hybridization to detect DNAs of 14 hr-HPV types, with extended 
genotyping for HPV16,18, 31, 45, 51, and 52.67

Additionally, serological and medical imaging examinations 
have gradually been applied to screen cervical cancer. These tech-
niques, such as ultrasound and magnetic resonance imaging, are 
designed according to different physical principles to improve the 
resolution of the diagnosis, which greatly improves the efficiency 
and accuracy of cervical cancer screening. High-risk HPV tests 
are more sensitive and reproducible than others.68 Recently, HPV 
testing has been an alternative to cytology in some European coun-
tries. WHO has also issued recommendations for the gradual intro-
duction of HPV testing technology into low- and middle-income 

Fig. 1. This figure shows the milestone events in HPV screening and prevention. These events include identifying cervical cancer and its major causing 
agents and the progressive establishment in the screening and vaccine approaches.
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countries. In 2020, the results of a clinical study of cervical cancer 
screening based on the large-scale population in China showed69 
that the use of high-risk HPV screening technology had a better 
screening effect, which provides sufficient scientific evidence for 
the final elimination of cervical cancer in China.

The prevention of cervical cancer
Hippocrates said, “Prevention is better than cure,” which is particu-
larly true for cervical cancer.70 Three prophylactic HPV vaccines 
were approved in the 2000s (Fig. 1), capable of preventing infection 
with multiple HPV types known to cause cervical cancer. These 
are the bivalent vaccine Cervarix, the quadrivalent vaccine Gar-
dasil, and the 9-valent vaccine Gardasil9. Cervarix targets high-risk 
HPV16/18 that are responsible for 70% of cervical cancer cases, 
Gardasil prevents infection of HPV16/18/6/11, and Gardasil9 cov-
ers HPV31, 33, 45, 52, and 58 in addition. The guidelines for HPV 
vaccination are slightly different for eligibility in different coun-
tries. The WHO suggests that the most optimal vaccination popula-
tion is girls aged 9 to 13 without sexual experience. The American 
Cancer Society recommends that the best age to receive the vac-
cine is 11 to 12 years. In China, HPV vaccines are available for 
females aged 9 to 45. While the vaccinated girls reach their screen-
ing ages, the current prevention and screening guideline is not fully 
programmed yet to direct them differently from those who have 
not been vaccinated. For these vaccinated women, a model-based 
analysis study suggested that the screening could be later and less 
frequently combined with primary HPV testing rather than cytol-
ogy.71 Another Italian study reported that the screening should start 
at 30 with an HPV test and have longer intervals of rescreening, 
which still needed further research to be determined.72

The global incidence of cervical lesions is significantly reduced 
because of the application of these vaccines. The prophylactic 
HPV vaccines have achieved great success, and approximately 
95% of vaccinated individuals are prevented from persistent in-
fections or precancerous lesions. A National HPV Vaccination 
Programme for preventing HPV infection and associated diseases 
has been funded and implemented in Australia since 2007, using 
the quadrivalent HPV vaccine. Initially, this program was only for 
girls but extended to boys in 2013.73 Consequently, Australia has 
the highest vaccine uptake rates worldwide. However, male vacci-
nation is not drawn attention in other countries. For example, HPV 
vaccination among men was not recommended in the United States 
until 2011. Every year in the U.S., 15,793 men are diagnosed with 
HPV-related cancers.74

Despite the obvious achievements, the prophylactic vaccines 
still face challenges in that those licensed vaccines lack the abilities 
to help those who are already HPV-infected and on the way into 
the associated tumors.74,75 Thus, new therapeutic HPV vaccines 
have been developed and tested at experimental research or clini-
cal trial stages. The new testing vaccine family mainly includes 
DNA vaccines, RNA replicant vaccines, peptide vaccines, vector 
vaccines, etc. These vaccines aim to generate cell-mediated immu-
nity against transformed cells rather than neutralizing antibodies. 
However, no vaccine has yet been licensed for therapeutic use.76

Methods

Search strategy
All full-text articles describing the screening and prevention of 
cervical cancer were searched using Medline or PubMed with 

English-language restriction and a time restriction within Septem-
ber 2022. The following keywords were used in our searches, such 
as “cervical cancer,” “HPV vaccine,” “screening,” “prevention,” 
and “therapy.” Furthermore, the reference lists of each article were 
manually searched to prevent the omission of any pertinent study.

Perspective
Each year, more than half a million women are diagnosed with 
cervical cancer, resulting in over 300,000 deaths worldwide. The 
screening and prevention of cervical cancer are indispensable to 
reduce this incidence. This review introduces the characteristics 
of cervical cancer and summarizes the current knowledge of the 
screening and prevention of cervical cancer. Though several gen-
erations of screening and vaccines have been developed over dec-
ades, which greatly decrease the morbidity and mortality of cervi-
cal cancer, the desire to improve these measures still exists.

In May 2018, the WHO Director-General called for actions to 
eliminate cervical cancer by scaling up prevention, screening, and 
treatment interventions with the help of global citizens. The WHO 
for the Elimination of Cervical Cancer a Public Health Problem 
provided a strategy: an increase of population with HPV vaccina-
tion to 90%, twice-lifetime cervical screening to 70%, and treat-
ment of pre-invasive lesions and invasive cancer to 90% (also 
known as the 90-70-90 targets). This elimination goal could be 
realized with the joint efforts of society, including individuals, 
families, communities, civil society, and government agencies at 
all levels.13

The current vaccines only cover part of hr-HPVs and low-risk 
HPVs, while there are more than 200 subtypes. The threat of many 
of these HPV subtypes is underestimated and not covered by the 
vaccines due to the lack of knowledge regarding the relationship 
between other diseases rather than cervical cancer and those virus-
es. Thus, the next-generation vaccines are expected to cover more 
subtypes of high-risk and low-risk HPVs. Research on new pro-
phylactic vaccines has never been stopped, and many efforts have 
been made to explore new expression systems such as E. coli, cost 
reduction of vaccines, and the development of L2 vaccines with 
broad-spectrum protection for simplicity and efficiency. Those 
next-generation vaccines are aimed to remove many limitations 
of the current vaccines, which is a major step in the fight against 
cervical cancer.

Although the current HPV vaccines are available for females 
aged 9 to 45, vaccination is not strongly recommended for those 
older than 26 or younger than 9. This age limitation is still a big is-
sue indicating that the vaccine has certain impacts on our immune 
system. Thus, a better and safer vaccine should be developed for 
kids younger than nine without increasing costs. HPV vaccination 
rates remain low in many low-income countries, mainly because 
the local people can not afford the cost of the current prophylactic 
HPV vaccines. How to greatly reduce the economic burden still 
severely dampen the spread out of the vaccination in those under-
developed or developing areas.

One disadvantage of the licensed HPV vaccines is that they can-
not help those persistently infected people. Therapeutic HPV vac-
cines are urgently expected for the infected population to terminate 
the development of cervical cancer. The current therapeutic vaccines 
in trials lack the capabilities to generate enough anti-tumor activities 
via boosting T cell response. This restriction mainly comes from the 
immunosuppressive properties of the tumor microenvironment. To 
address this question, more ecosystemic studies are needed to inves-
tigate the tumor microenvironment of cervical cancer.
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Early screening is required to prevent cervical cancer since it 
takes decades for a viral infection to develop into a lesion or can-
cer. The cytology approach can only detect the changes until the 
lesion or cancer occurs. The responsibility then falls on the HPV 
detection kits that cannot tell us the time. A better understanding 
of cervical cancer development and its related pathogenesis is re-
quired to address this issue. More detailed work and efforts should 
be followed by the scientists and clinicians of public health to bet-
ter estimate the screening starting time statistically. The combi-
nation of multi-screening methods should be the key to reducing 
underdiagnosis or misdiagnosis of cervical cancer and its precan-
cerous lesions.

The HPV detection kits can not distinguish the transient infec-
tion from the persistent infection, which may yield false positive 
results for the patients. In addition to L1, most current kits target 
E6 or E7 oncogenes expressed in transient and persistent infec-
tions. It might be feasible to include E1∧E4 or E2∧E8, which are 
late genes expressed in differentiated upper epithelial and often 
seen during the persistent infection.

Historically, recurrent cervical cancer has been treated with 
platinum-based chemotherapy.77 Given that chemotherapy often 
causes drug resistance, patients with locally advanced and meta-
static cervical cancer have a poor prognosis. As an upgrade, im-
munotherapy appears in the history stage. One example is the 
pembrolizumab (anti-PD1 antibody) treatment. Programmed death 
ligand 1 (PD-L1) is an essential immune checkpoint protein that 
binds to programmed cell death 1 (PD-1) on T-lymphocytes,78 re-
sulting in inhibition of T cells response and tumor immunosup-
pression. The US FDA approved this treatment for recurrent or 
metastatic cervical cancer in June 2018.79 One great advantage of 
this treatment is its non-toxic properties for cervical cancer pa-
tients. Other targets similar to PD-L1 should be further explored. 
Overall, with the development of novel approaches to prevention, 
screening, and treatments, we are positive to eliminate cervical 
cancer within a few decades and apply the knowledge to other 
HPV-related diseases.

Conclusions
With the development of cervical cancer screening and prevention, 
the morbidity and mortality of cervical cancer have declined in 
recent years. Primary HPV detection is becoming more popular, 
replacing other screening methods in developed and developing 
countries. In the meantime, applying the prophylactic vaccines 
greatly reduces cervical cancer occurrence and certain types of 
HPV infection. However, the prophylactic vaccines do not affect 
patients infected with HPV. The therapeutic

HPV vaccines are expected to meet the requirement. More ef-
forts should be focused on molecular mechanisms underlying how 
HPV triggers cervical cancer information. In summary, the com-
bination of next-generation screening and prevention approaches 
will contribute to the goal of “the global elimination of cervical 
cancer.”

Acknowledgments
We are grateful to the members from Hong lab for their help in 
manuscript configuration, drafting, and proofreading.

Funding
None.

Conflict of interest
The authors declare no conflicts of interest.

Author contributions
Contributed to study concept and design (SYH), acquisition of 
the resources (ML, ZLY, LJ, and ZYC), drafting of the manuscript 
(ML and ZLY), critical revision of the manuscript (ML and ZLY), 
and supervision (SYH).

References
[1]	 Laudadio J. Human papillomavirus detection: testing methodolo-

gies and their clinical utility in cervical cancer screening. Adv Anat 
Pathol 2013;20(3):158–167. doi:10.1097/PAP.0b013e31828d1893, 
PMID:23574772.

[2]	 Rodríguez AC, Schiffman M, Herrero R, Wacholder S, Hildesheim A, 
Castle PE, et al. Rapid clearance of human papillomavirus and impli-
cations for clinical focus on persistent infections. J Natl Cancer Inst 
2008;100(7):513–517. doi:10.1093/jnci/djn044, PMID:18364507.

[3]	 Liu G, Sharma M, Tan N, Barnabas RV. HIV-positive women have 
higher risk of human papilloma virus infection, precancerous le-
sions, and cervical cancer. AIDS 2018;32(6):795–808. doi:10.1097/
QAD.0000000000001765, PMID:29369827.

[4]	 Hu Z, Ma D. The precision prevention and therapy of HPV-related 
cervical cancer: new concepts and clinical implications. Cancer Med 
2018;7(10):5217–5236. doi:10.1002/cam4.1501, PMID:30589505.

[5]	 Elfström KM, Arnheim-Dahlström L, von Karsa L, Dillner J. Cervi-
cal cancer screening in Europe: Quality assurance and organisation 
of programmes. Eur J Cancer 2015;51(8):950–968. doi:10.1016/j.
ejca.2015.03.008, PMID:25817010.

[6]	 Markowitz LE, Dunne EF, Saraiya M, Chesson HW, Curtis CR, Gee J, 
et al. Human papillomavirus vaccination: recommendations of the 
Advisory Committee on Immunization Practices (ACIP). MMWR 
Recomm Rep 2014;63(RR-05):1–30. PMID:25167164.

[7]	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 
A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Inci-
dence and Mortality Worldwide for 36 Cancers in 185 Countries. CA 
Cancer J Clin 2021;71(3):209–249. doi:10.3322/caac.21660, PMID: 
33538338.

[8]	 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, PMID:33446995.

[9]	 Maree JE, Kampinda-Banda M. Knowledge and Practices of Cervi-
cal Cancer and Its Prevention Among Malawian Women. J Cancer 
Educ 2020;35(1):86–92. doi:10.1007/s13187-018-1443-4, PMID:304 
15315.

[10]	 Manikandan S, Behera S, Naidu NM, Angamuthu V, Mohammed OFB, 
Debata A. Knowledge and Awareness Toward Cervical Cancer Screen-
ing and Prevention Among the Professional College Female Students. 
J Pharm Bioallied Sci 2019;11(Suppl 2):S314–S320. doi:10.4103/
JPBS.JPBS_21_19, PMID:31198361.

[11]	 Stanley M. Pathology and epidemiology of HPV infection in fe-
males. Gynecol Oncol 2010;117(2 Suppl):S5–10. doi:10.1016/j.ygy-
no.2010.01.024, PMID:20304221.

[12]	 Buskwofie A, David-West G, Clare CA. A Review of Cervical Cancer: 
Incidence and Disparities. J Natl Med Assoc 2020;112(2):229–232. 
doi:10.1016/j.jnma.2020.03.002, PMID:32278478.

[13]	 Arbyn M, Weiderpass E, Bruni L, de Sanjosé S, Saraiya M, Ferlay J, et 
al. Estimates of incidence and mortality of cervical cancer in 2018: 
a worldwide analysis. Lancet Glob Health 2020;8(2):e191–e203. 
doi:10.1016/S2214-109X(19)30482-6, PMID:31812369.

[14]	 Cohen PA, Jhingran A, Oaknin A, Denny L. Cervical cancer. Lancet 
2019;393(10167):169–182. doi:10.1016/S0140-6736(18)32470-X, 
PMID:30638582.

[15]	 Levinson K, Beavis AL, Purdy C, Rositch AF, Viswanathan A, Wolf-
son AH, et al. Corrigendum to “Beyond Sedlis-A novel histology-
specific nomogram for predicting cervical cancer recurrence risk: 

https://doi.org/10.14218/CSP.2022.00009
https://doi.org/10.1097/PAP.0b013e31828d1893
http://www.ncbi.nlm.nih.gov/pubmed/23574772
https://doi.org/10.1093/jnci/djn044
http://www.ncbi.nlm.nih.gov/pubmed/18364507
https://doi.org/10.1097/QAD.0000000000001765
https://doi.org/10.1097/QAD.0000000000001765
http://www.ncbi.nlm.nih.gov/pubmed/29369827
https://doi.org/10.1002/cam4.1501
http://www.ncbi.nlm.nih.gov/pubmed/30589505
https://doi.org/10.1016/j.ejca.2015.03.008
https://doi.org/10.1016/j.ejca.2015.03.008
http://www.ncbi.nlm.nih.gov/pubmed/25817010
http://www.ncbi.nlm.nih.gov/pubmed/25167164
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.21147/j.issn.1000-9604.2020.06.05
http://www.ncbi.nlm.nih.gov/pubmed/33446995
https://doi.org/10.1007/s13187-018-1443-4
http://www.ncbi.nlm.nih.gov/pubmed/30415315
http://www.ncbi.nlm.nih.gov/pubmed/30415315
https://doi.org/10.4103/JPBS.JPBS_21_19
https://doi.org/10.4103/JPBS.JPBS_21_19
http://www.ncbi.nlm.nih.gov/pubmed/31198361
https://doi.org/10.1016/j.ygyno.2010.01.024
https://doi.org/10.1016/j.ygyno.2010.01.024
http://www.ncbi.nlm.nih.gov/pubmed/20304221
https://doi.org/10.1016/j.jnma.2020.03.002
http://www.ncbi.nlm.nih.gov/pubmed/32278478
https://doi.org/10.1016/S2214-109X(19)30482-6
http://www.ncbi.nlm.nih.gov/pubmed/31812369
https://doi.org/10.1016/S0140-6736(18)32470-X
http://www.ncbi.nlm.nih.gov/pubmed/30638582


DOI: 10.14218/CSP.2022.00009  |  Volume 00 Issue 00, Month Year8

Li M. et al: Cervical cancer screening and preventionCancer Screen Prev

An NRG/GOG ancillary analysis” [Gynecologic Oncology 162 (2021) 
532-538]. Gynecol Oncol 2021;163(3):616–617. doi:10.1016/j.ygy-
no.2021.09.017, PMID:34654574.

[16]	 Cubie HA, Seagar AL, Beattie GJ, Monaghan S, Williams AR. A lon-
gitudinal study of HPV detection and cervical pathology in HIV in-
fected women. Sex Transm Infect 2000;76(4):257–261. doi:10.1136/
sti.76.4.257, PMID:11026879.

[17]	 Adam E, Berkova Z, Daxnerova Z, Icenogle J, Reeves WC, Kaufman RH. 
Papillomavirus detection: demographic and behavioral characteris-
tics influencing the identification of cervical disease. Am J Obstet Gy-
necol 2000;182(2):257–264. doi:10.1016/s0002-9378(00)70208-0, 
PMID:10694321.

[18]	 Appleby P, Beral V, Berrington de González A, Colin D, Franceschi S, 
Goodill A, et al. Carcinoma of the cervix and tobacco smoking: collab-
orative reanalysis of individual data on 13,541 women with carcino-
ma of the cervix and 23,017 women without carcinoma of the cervix 
from 23 epidemiological studies. Int J Cancer 2006;118(6):1481–
1495. doi:10.1002/ijc.21493, PMID:16206285.

[19]	 Crosbie EJ, Einstein MH, Franceschi S, Kitchener HC. Human papil-
lomavirus and cervical cancer. Lancet 2013;382(9895):889–899. 
doi:10.1016/S0140-6736(13)60022-7, PMID:23618600.

[20]	 Grulich AE, van Leeuwen MT, Falster MO, Vajdic CM. Incidence of 
cancers in people with HIV/AIDS compared with immunosuppressed 
transplant recipients: a meta-analysis. Lancet 2007;370(9581):59–
67. doi:10.1016/S0140-6736(07)61050-2, PMID:17617273.

[21]	 Sultana F, English DR, Simpson JA, Brotherton JM, Drennan K, Mullins 
R, et al. Rationale and design of the iPap trial: a randomized con-
trolled trial of home-based HPV self-sampling for improving partici-
pation in cervical screening by never- and under-screened women in 
Australia. BMC Cancer 2014;14:207. doi:10.1186/1471-2407-14-207, 
PMID:24646201.

[22]	 Yuan Y, Cai X, Shen F, Ma F. HPV post-infection microenvironment 
and cervical cancer. Cancer Lett 2021;497:243–254. doi:10.1016/j.
canlet.2020.10.034, PMID:33122098.

[23]	 Ismail SM, Colclough AB, Dinnen JS, Eakins D, Evans DM, Gradwell E, 
et al. Observer variation in histopathological diagnosis and grading 
of cervical intraepithelial neoplasia. BMJ 1989;298(6675):707–710. 
doi:10.1136/bmj.298.6675.707, PMID:2496816.

[24]	 Keers G, Yamada K, Pickles K, Bell K, Black K, Bateson D, et al. Un-
derstanding women’s choices for management of cervical intraepi-
thelial neoplasia 2 (CIN2): Qualitative analysis of a randomised ex-
perimental study. Aust N Z J Obstet Gynaecol 2022;62(1):125–132. 
doi:10.1111/ajo.13440, PMID:34625954.

[25]	 Long T, Long L, Chen Y, Li Y, Tuo Y, Hu Y, et al. Severe cervical in-
flammation and high-grade squamous intraepithelial lesions: a 
cross-sectional study. Arch Gynecol Obstet 2021;303(2):547–556. 
doi:10.1007/s00404-020-05804-y, PMID:32980959.

[26]	 Ghosh S. Cisplatin: The first metal based anticancer drug. Bioorg 
Chem 2019;88:102925. doi:10.1016/j.bioorg.2019.102925, PMID: 
31003078.

[27]	 Go RS, Adjei AA. Review of the comparative pharmacology and clini-
cal activity of cisplatin and carboplatin. J Clin Oncol 1999;17(1):409–
422. doi:10.1200/JCO.1999.17.1.409, PMID:10458260.

[28]	 Marupudi NI, Han JE, Li KW, Renard VM, Tyler BM, Brem H. Paclitaxel: 
a review of adverse toxicities and novel delivery strategies. Expert 
Opin Drug Saf 2007;6(5):609–621. doi:10.1517/14740338.6.5.609, 
PMID:17877447.

[29]	 Wigmore PM, Mustafa S, El-Beltagy M, Lyons L, Umka J, Bennett G. Ef-
fects of 5-FU. Adv Exp Med Biol 2010;678:157–164. doi:10.1007/978-
1-4419-6306-2_20, PMID:20738018.

[30]	 Ackermann S, Beckmann MW, Thiel F, Bogenrieder T. Topotecan 
in cervical cancer. Int J Gynecol Cancer 2007;17(6):1215–1223. 
doi:10.1111/j.1525-1438.2007.01003.x, PMID:17997795.

[31]	 Emancipator K. Keytruda and PD-L1: a Real-World Example of 
Co-development of a Drug with a Predictive Biomarker. AAPS J 
2020;23(1):5. doi:10.1208/s12248-020-00525-1, PMID:33222057.

[32]	 Trimble CL, Morrow MP, Kraynyak KA, Shen X, Dallas M, Yan J, et al. 
Safety, efficacy, and immunogenicity of VGX-3100, a therapeutic 
synthetic DNA vaccine targeting human papillomavirus 16 and 18 
E6 and E7 proteins for cervical intraepithelial neoplasia 2/3: a ran-

domised, double-blind, placebo-controlled phase 2b trial. Lancet 
2015;386(10008):2078–2088. doi:10.1016/S0140-6736(15)00239-1, 
PMID:26386540.

[33]	 Mukherji SK. Bevacizumab (Avastin). AJNR Am J Neuroradiol 
2010;31(2):235–236. doi:10.3174/ajnr.A1987, PMID:20037132.

[34]	 Coleman RL, Lorusso D, Gennigens C, González-Martín A, Randall 
L, Cibula D, et al. Efficacy and safety of tisotumab vedotin in previ-
ously treated recurrent or metastatic cervical cancer (innovaTV 204/
GOG-3023/ENGOT-cx6): a multicentre, open-label, single-arm, phase 
2 study. Lancet Oncol 2021;22(5):609–619. doi:10.1016/S1470-
2045(21)00056-5, PMID:33845034.

[35]	 Ghosh S, Jayaram P, Kabekkodu SP, Satyamoorthy K. Targeted drug de-
livery in cervical cancer: Current perspectives. Eur J Pharmacol 2022; 
917:174751. doi:10.1016/j.ejphar.2022.174751, PMID:35021110.

[36]	 Marth C, Landoni F, Mahner S, McCormack M, Gonzalez-Martin A, 
Colombo N, ESMO Guidelines Committee. Cervical cancer: ESMO 
Clinical Practice Guidelines for diagnosis, treatment and follow-
up. Ann Oncol 2017;28(suppl_4):iv72–iv83. doi:10.1093/annonc/
mdx220, PMID:28881916.

[37]	 Beckmann MW, Stuebs FA, Vordermark D, Koch MC, Horn LC, Fehm 
T. The Diagnosis, Treatment, and Aftercare of Cervical Carcinoma. 
Dtsch Arztebl Int 2021;118(47):806–812. doi:10.3238/arztebl.
m2021.0352, PMID:34755595.

[38]	 Eifel PJ. Concurrent chemotherapy and radiation therapy as the stand-
ard of care for cervical cancer. Nat Clin Pract Oncol 2006;3(5):248–
255. doi:10.1038/ncponc0486, PMID:16683003.

[39]	 Perrone AM, Bovicelli A, D’Andrilli G, Borghese G, Giordano A, De 
Iaco P. Cervical cancer in pregnancy: Analysis of the literature and 
innovative approaches. J Cell Physiol 2019;234(9):14975–14990. 
doi:10.1002/jcp.28340, PMID:30790275.

[40]	 Van Doorslaer K, Li Z, Xirasagar S, Maes P, Kaminsky D, Liou D, et al. 
The Papillomavirus Episteme: a major update to the papillomavirus 
sequence database. Nucleic Acids Res 2017;45(D1):D499–D506. 
doi:10.1093/nar/gkw879, PMID:28053164.

[41]	 Zheng ZM, Baker CC. Papillomavirus genome structure, expression, 
and post-transcriptional regulation. Front Biosci 2006;11:2286–
2302. doi:10.2741/1971, PMID:16720315.

[42]	 Dunne EF, Park IU. HPV and HPV-associated diseases. Infect Dis 
Clin North Am 2013;27(4):765–778. doi:10.1016/j.idc.2013.09.001, 
PMID:24275269.

[43]	 Graham SV. The human papillomavirus replication cycle, and 
its links to cancer progression: a comprehensive review. Clin Sci 
(Lond) 2017;131(17):2201–2221. doi:10.1042/CS20160786, PMID: 
28798073.

[44]	 Hong SY. DNA damage response is hijacked by human papillomavirus-
es to complete their life cycle. J Zhejiang Univ Sci B 2017;18(3):215–
232. doi:10.1631/jzus.B1600306, PMID:28271657.

[45]	 Smith L, Angarone MP. Sexually Transmitted Infections. Urol Clin North 
Am 2015;42(4):507–518. doi:10.1016/j.ucl.2015.06.004, PMID:264 
75947.

[46]	 Moody C. Mechanisms by which HPV Induces a Replication Com-
petent Environment in Differentiating Keratinocytes. Viruses 
2017;9(9):261. doi:10.3390/v9090261, PMID:28925973.

[47]	 Van Doorslaer K. Evolution of the papillomaviridae. Virology 2013; 
445(1-2):11–20. doi:10.1016/j.virol.2013.05.012, PMID:23769415.

[48]	 Tommasino M. The biology of beta human papillomaviruses. Virus 
Res 2017;231:128–138. doi:10.1016/j.virusres.2016.11.013, PMID: 
27856220.

[49]	 Smith JA, White EA, Sowa ME, Powell ML, Ottinger M, Harper JW, et 
al. Genome-wide siRNA screen identifies SMCX, EP400, and Brd4 as 
E2-dependent regulators of human papillomavirus oncogene expres-
sion. Proc Natl Acad Sci U S A 2010;107(8):3752–3757. doi:10.1073/
pnas.0914818107, PMID:20133580.

[50]	 Wu SY, Lee AY, Hou SY, Kemper JK, Erdjument-Bromage H, Tempst P, 
et al. Brd4 links chromatin targeting to HPV transcriptional silenc-
ing. Genes Dev 2006;20(17):2383–2396. doi:10.1101/gad.1448206, 
PMID:16921027.

[51]	 Wang HK, Duffy AA, Broker TR, Chow LT. Robust production and 
passaging of infectious HPV in squamous epithelium of primary hu-
man keratinocytes. Genes Dev 2009;23(2):181–194. doi:10.1101/

https://doi.org/10.14218/CSP.2022.00009
https://doi.org/10.1016/j.ygyno.2021.09.017
https://doi.org/10.1016/j.ygyno.2021.09.017
http://www.ncbi.nlm.nih.gov/pubmed/34654574
https://doi.org/10.1136/sti.76.4.257
https://doi.org/10.1136/sti.76.4.257
http://www.ncbi.nlm.nih.gov/pubmed/11026879
https://doi.org/10.1016/s0002-9378(00)70208-0
http://www.ncbi.nlm.nih.gov/pubmed/10694321
https://doi.org/10.1002/ijc.21493
http://www.ncbi.nlm.nih.gov/pubmed/16206285
https://doi.org/10.1016/S0140-6736(13)60022-7
http://www.ncbi.nlm.nih.gov/pubmed/23618600
https://doi.org/10.1016/S0140-6736(07)61050-2
http://www.ncbi.nlm.nih.gov/pubmed/17617273
https://doi.org/10.1186/1471-2407-14-207
http://www.ncbi.nlm.nih.gov/pubmed/24646201
https://doi.org/10.1016/j.canlet.2020.10.034
https://doi.org/10.1016/j.canlet.2020.10.034
http://www.ncbi.nlm.nih.gov/pubmed/33122098
https://doi.org/10.1136/bmj.298.6675.707
http://www.ncbi.nlm.nih.gov/pubmed/2496816
https://doi.org/10.1111/ajo.13440
http://www.ncbi.nlm.nih.gov/pubmed/34625954
https://doi.org/10.1007/s00404-020-05804-y
http://www.ncbi.nlm.nih.gov/pubmed/32980959
https://doi.org/10.1016/j.bioorg.2019.102925
http://www.ncbi.nlm.nih.gov/pubmed/31003078
https://doi.org/10.1200/JCO.1999.17.1.409
http://www.ncbi.nlm.nih.gov/pubmed/10458260
https://doi.org/10.1517/14740338.6.5.609
http://www.ncbi.nlm.nih.gov/pubmed/17877447
https://doi.org/10.1007/978-1-4419-6306-2_20
https://doi.org/10.1007/978-1-4419-6306-2_20
http://www.ncbi.nlm.nih.gov/pubmed/20738018
https://doi.org/10.1111/j.1525-1438.2007.01003.x
http://www.ncbi.nlm.nih.gov/pubmed/17997795
https://doi.org/10.1208/s12248-020-00525-1
http://www.ncbi.nlm.nih.gov/pubmed/33222057
https://doi.org/10.1016/S0140-6736(15)00239-1
http://www.ncbi.nlm.nih.gov/pubmed/26386540
https://doi.org/10.3174/ajnr.A1987
http://www.ncbi.nlm.nih.gov/pubmed/20037132
https://doi.org/10.1016/S1470-2045(21)00056-5
https://doi.org/10.1016/S1470-2045(21)00056-5
http://www.ncbi.nlm.nih.gov/pubmed/33845034
https://doi.org/10.1016/j.ejphar.2022.174751
http://www.ncbi.nlm.nih.gov/pubmed/35021110
https://doi.org/10.1093/annonc/mdx220
https://doi.org/10.1093/annonc/mdx220
http://www.ncbi.nlm.nih.gov/pubmed/28881916
https://doi.org/10.3238/arztebl.m2021.0352
https://doi.org/10.3238/arztebl.m2021.0352
http://www.ncbi.nlm.nih.gov/pubmed/34755595
https://doi.org/10.1038/ncponc0486
http://www.ncbi.nlm.nih.gov/pubmed/16683003
https://doi.org/10.1002/jcp.28340
http://www.ncbi.nlm.nih.gov/pubmed/30790275
https://doi.org/10.1093/nar/gkw879
http://www.ncbi.nlm.nih.gov/pubmed/28053164
https://doi.org/10.2741/1971
http://www.ncbi.nlm.nih.gov/pubmed/16720315
https://doi.org/10.1016/j.idc.2013.09.001
http://www.ncbi.nlm.nih.gov/pubmed/24275269
https://doi.org/10.1042/CS20160786
http://www.ncbi.nlm.nih.gov/pubmed/28798073
https://doi.org/10.1631/jzus.B1600306
http://www.ncbi.nlm.nih.gov/pubmed/28271657
https://doi.org/10.1016/j.ucl.2015.06.004
http://www.ncbi.nlm.nih.gov/pubmed/26475947
http://www.ncbi.nlm.nih.gov/pubmed/26475947
https://doi.org/10.3390/v9090261
http://www.ncbi.nlm.nih.gov/pubmed/28925973
https://doi.org/10.1016/j.virol.2013.05.012
http://www.ncbi.nlm.nih.gov/pubmed/23769415
https://doi.org/10.1016/j.virusres.2016.11.013
http://www.ncbi.nlm.nih.gov/pubmed/27856220
https://doi.org/10.1073/pnas.0914818107
https://doi.org/10.1073/pnas.0914818107
http://www.ncbi.nlm.nih.gov/pubmed/20133580
https://doi.org/10.1101/gad.1448206
http://www.ncbi.nlm.nih.gov/pubmed/16921027
https://doi.org/10.1101/gad.1735109


DOI: 10.14218/CSP.2022.00009  |  Volume 00 Issue 00, Month Year 9

Li M. et al: Cervical cancer screening and prevention Cancer Screen Prev

gad.1735109, PMID:19131434.
[52]	 Banerjee NS, Wang HK, Broker TR, Chow LT. Human papillomavirus 

(HPV) E7 induces prolonged G2 following S phase reentry in differen-
tiated human keratinocytes. J Biol Chem 2011;286(17):15473–15482. 
doi:10.1074/jbc.M110.197574, PMID:21321122.

[53]	 Balasubramaniam SD, Balakrishnan V, Oon CE, Kaur G. Key Mo-
lecular Events in Cervical Cancer Development. Medicina (Kaunas) 
2019;55(7):384. doi:10.3390/medicina55070384, PMID:31319555.

[54]	 Giroglou T, Florin L, Schäfer F, Streeck RE, Sapp M. Human papillomavirus 
infection requires cell surface heparan sulfate. J Virol 2001;75(3):1565–
1570. doi:10.1128/JVI.75.3.1565-1570.2001, PMID:11152531.

[55]	 Aksoy P, Gottschalk EY, Meneses PI. HPV entry into cells. Mutat Res 
Rev Mutat Res 2017;772:13–22. doi:10.1016/j.mrrev.2016.09.004, 
PMID:28528686.

[56]	 Raff AB, Woodham AW, Raff LM, Skeate JG, Yan L, Da Silva DM, et al. 
The evolving field of human papillomavirus receptor research: a review 
of binding and entry. J Virol 2013;87(11):6062–6072. doi:10.1128/
JVI.00330-13, PMID:23536685.

[57]	 Scarth JA, Patterson MR, Morgan EL, Macdonald A. The human papil-
lomavirus oncoproteins: a review of the host pathways targeted on the 
road to transformation. J Gen Virol 2021;102(3):001540. doi:10.1099/
jgv.0.001540, PMID:33427604.

[58]	 Chai Z, Yang Y, Gu Z, Cai X, Ye W, Kong L, et al. Recombinant Viral Capsid 
Protein L2 (rVL2) of HPV 16 Suppresses Cell Proliferation and Glucose 
Metabolism via ITGB7/C/EBPβ Signaling Pathway in Cervical Cancer 
Cell Lines. Onco Targets Ther 2019;12:10415–10425. doi:10.2147/OTT.
S228631, PMID:31819523.

[59]	 Burley M, Roberts S, Parish JL. Epigenetic regulation of human pap-
illomavirus transcription in the productive virus life cycle. Semin Im-
munopathol 2020;42(2):159–171. doi:10.1007/s00281-019-00773-0, 
PMID:31919577.

[60]	 Doorbar J, Egawa N, Griffin H, Kranjec C, Murakami I. Human papil-
lomavirus molecular biology and disease association. Rev Med Virol 
2015;25(Suppl 1):2–23. doi:10.1002/rmv.1822, PMID:25752814.

[61]	 Herfs M, Yamamoto Y, Laury A, Wang X, Nucci MR, McLaughlin-Drubin 
ME, et al. A discrete population of squamocolumnar junction cells 
implicated in the pathogenesis of cervical cancer. Proc Natl Acad Sci 
U S A 2012;109(26):10516–10521. doi:10.1073/pnas.1202684109, 
PMID:22689991.

[62]	 Curry SJ, Krist AH, Owens DK, Barry MJ, Caughey AB, Davidson KW, et al. 
Screening for Cervical Cancer: US Preventive Services Task Force Rec-
ommendation Statement. JAMA 2018;320(7):674–686. doi:10.1001/
jama.2018.10897, PMID:30140884.

[63]	 Koliopoulos G, Nyaga VN, Santesso N, Bryant A, Martin-Hirsch PP, 
Mustafa RA, et al. Cytology versus HPV testing for cervical cancer 
screening in the general population. Cochrane Database Syst Rev 
2017;8(8):CD008587. doi:10.1002/14651858.CD008587.pub2, PMID: 
28796882.

[64]	 Malagón T, Kulasingam S, Mayrand MH, Ogilvie G, Smith L, Bouchard C, 
et al. Age at last screening and remaining lifetime risk of cervical cancer 
in older, unvaccinated, HPV-negative women: a modelling study. Lancet 
Oncol 2018;19(12):1569–1578. doi:10.1016/S1470-2045(18)30536-9, 
PMID:30392810.

[65]	 Wright TC Jr, Stoler MH, Ranger-Moore J, Fang Q, Volkir P, Safaeian 
M, et al. Clinical validation of p16/Ki-67 dual-stained cytology triage 
of HPV-positive women: Results from the IMPACT trial. Int J Cancer 

2022;150(3):461–471. doi:10.1002/ijc.33812, PMID:34536311.
[66]	 Wright TC Jr, Denny L, Kuhn L, Pollack A, Lorincz A. HPV DNA testing 

of self-collected vaginal samples compared with cytologic screen-
ing to detect cervical cancer. JAMA 2000;283(1):81–86. doi:10.1001/
jama.283.1.81, PMID:10632284.

[67]	 Salazar KL, Duhon DJ, Olsen R, Thrall M. A review of the FDA-ap-
proved molecular testing platforms for human papillomavirus. J Am 
Soc Cytopathol 2019;8(5):284–292. doi:10.1016/j.jasc.2019.06.001, 
PMID:31320315.

[68]	 Khan MJ, Castle PE, Lorincz AT, Wacholder S, Sherman M, Scott 
DR, et al. The elevated 10-year risk of cervical precancer and can-
cer in women with human papillomavirus (HPV) type 16 or 18 and 
the possible utility of type-specific HPV testing in clinical practice. 
J Natl Cancer Inst 2005;97(14):1072–1079. doi:10.1093/jnci/dji187, 
PMID:16030305.

[69]	 Klionsky DJ, Abdel-Aziz AK, Abdelfatah S, Abdellatif M, Abdoli A, Abel S, 
et al. Guidelines for the use and interpretation of assays for monitoring 
autophagy (4th edition). Autophagy 2021;17(1):1–382. doi:10.1080/1
5548627.2020.1797280, PMID:33634751.

[70]	 Liontos M, Kyriazoglou A, Dimitriadis I, Dimopoulos MA, Bamias A. 
Systemic therapy in cervical cancer: 30 years in review. Crit Rev On-
col Hematol 2019;137:9–17. doi:10.1016/j.critrevonc.2019.02.009, 
PMID:31014518.

[71]	 Kim JJ, Burger EA, Sy S, Campos NG. Optimal Cervical Cancer Screening 
in Women Vaccinated Against Human Papillomavirus. J Natl Cancer Inst 
2017;109(2):djw216. doi:10.1093/jnci/djw216, PMID:27754955.

[72]	 Giorgi Rossi P, Carozzi F, Federici A, Ronco G, Zappa M, Franceschi S, 
et al. Cervical cancer screening in women vaccinated against human 
papillomavirus infection: Recommendations from a consensus confer-
ence. Prev Med 2017;98:21–30. doi:10.1016/j.ypmed.2016.11.020, 
PMID:27894910.

[73]	 Patel C, Brotherton JM, Pillsbury A, Jayasinghe S, Donovan B, Macartney 
K, et al. The impact of 10 years of human papillomavirus (HPV) vaccina-
tion in Australia: what additional disease burden will a nonavalent vac-
cine prevent? Euro Surveill 2018;23(41):1700737. doi:10.2807/1560-
7917.ES.2018.23.41.1700737, PMID:30326995.

[74]	 Fuller KM, Hinyard L. Factors Associated with HPV Vaccination in Young 
Males. J Community Health 2017;42(6):1127–1132. doi:10.1007/
s10900-017-0361-4, PMID:28432549.

[75]	 Wang R, Pan W, Jin L, Huang W, Li Y, Wu D, et al. Human papillomavirus 
vaccine against cervical cancer: Opportunity and challenge. Cancer Lett 
2020;471:88–102. doi:10.1016/j.canlet.2019.11.039, PMID:31812696.

[76]	 Yang A, Farmer E, Wu TC, Hung CF. Perspectives for therapeutic HPV 
vaccine development. J Biomed Sci 2016;23(1):75. doi:10.1186/
s12929-016-0293-9, PMID:27809842.

[77]	 Zhu F, Wang Y, Xu Z, Qu H, Zhang H, Niu L, et al. Novel adeno-asso-
ciated virus-based genetic vaccines encoding hepatitis C virus E2 
glycoprotein elicit humoral immune responses in mice. Mol Med 
Rep 2019;19(2):1016–1023. doi:10.3892/mmr.2018.9739, PMID:305 
69131.

[78]	 Dermani FK, Samadi P, Rahmani G, Kohlan AK, Najafi R. PD-1/PD-L1 
immune checkpoint: Potential target for cancer therapy. J Cell Physiol 
2019;234(2):1313–1325. doi:10.1002/jcp.27172, PMID:30191996.

[79]	 Mittica G, Genta S, Aglietta M, Valabrega G. Immune Checkpoint Inhibi-
tors: A New Opportunity in the Treatment of Ovarian Cancer? Int J Mol 
Sci 2016;17(7):1169. doi:10.3390/ijms17071169, PMID:27447625.

https://doi.org/10.14218/CSP.2022.00009
https://doi.org/10.1101/gad.1735109
http://www.ncbi.nlm.nih.gov/pubmed/19131434
https://doi.org/10.1074/jbc.M110.197574
http://www.ncbi.nlm.nih.gov/pubmed/21321122
https://doi.org/10.3390/medicina55070384
http://www.ncbi.nlm.nih.gov/pubmed/31319555
https://doi.org/10.1128/JVI.75.3.1565-1570.2001
http://www.ncbi.nlm.nih.gov/pubmed/11152531
https://doi.org/10.1016/j.mrrev.2016.09.004
http://www.ncbi.nlm.nih.gov/pubmed/28528686
https://doi.org/10.1128/JVI.00330-13
https://doi.org/10.1128/JVI.00330-13
http://www.ncbi.nlm.nih.gov/pubmed/23536685
https://doi.org/10.1099/jgv.0.001540
https://doi.org/10.1099/jgv.0.001540
http://www.ncbi.nlm.nih.gov/pubmed/33427604
https://doi.org/10.2147/OTT.S228631
https://doi.org/10.2147/OTT.S228631
http://www.ncbi.nlm.nih.gov/pubmed/31819523
https://doi.org/10.1007/s00281-019-00773-0
http://www.ncbi.nlm.nih.gov/pubmed/31919577
https://doi.org/10.1002/rmv.1822
http://www.ncbi.nlm.nih.gov/pubmed/25752814
https://doi.org/10.1073/pnas.1202684109
http://www.ncbi.nlm.nih.gov/pubmed/22689991
https://doi.org/10.1001/jama.2018.10897
https://doi.org/10.1001/jama.2018.10897
http://www.ncbi.nlm.nih.gov/pubmed/30140884
https://doi.org/10.1002/14651858.CD008587.pub2
http://www.ncbi.nlm.nih.gov/pubmed/28796882
https://doi.org/10.1016/S1470-2045(18)30536-9
http://www.ncbi.nlm.nih.gov/pubmed/30392810
https://doi.org/10.1002/ijc.33812
http://www.ncbi.nlm.nih.gov/pubmed/34536311
https://doi.org/10.1001/jama.283.1.81
https://doi.org/10.1001/jama.283.1.81
http://www.ncbi.nlm.nih.gov/pubmed/10632284
https://doi.org/10.1016/j.jasc.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31320315
https://doi.org/10.1093/jnci/dji187
http://www.ncbi.nlm.nih.gov/pubmed/16030305
https://doi.org/10.1080/15548627.2020.1797280
https://doi.org/10.1080/15548627.2020.1797280
http://www.ncbi.nlm.nih.gov/pubmed/33634751
https://doi.org/10.1016/j.critrevonc.2019.02.009
http://www.ncbi.nlm.nih.gov/pubmed/31014518
https://doi.org/10.1093/jnci/djw216
http://www.ncbi.nlm.nih.gov/pubmed/27754955
https://doi.org/10.1016/j.ypmed.2016.11.020
http://www.ncbi.nlm.nih.gov/pubmed/27894910
https://doi.org/10.2807/1560-7917.ES.2018.23.41.1700737
https://doi.org/10.2807/1560-7917.ES.2018.23.41.1700737
http://www.ncbi.nlm.nih.gov/pubmed/30326995
https://doi.org/10.1007/s10900-017-0361-4
https://doi.org/10.1007/s10900-017-0361-4
http://www.ncbi.nlm.nih.gov/pubmed/28432549
https://doi.org/10.1016/j.canlet.2019.11.039
http://www.ncbi.nlm.nih.gov/pubmed/31812696
https://doi.org/10.1186/s12929-016-0293-9
https://doi.org/10.1186/s12929-016-0293-9
http://www.ncbi.nlm.nih.gov/pubmed/27809842
https://doi.org/10.3892/mmr.2018.9739
http://www.ncbi.nlm.nih.gov/pubmed/30569131
http://www.ncbi.nlm.nih.gov/pubmed/30569131
https://doi.org/10.1002/jcp.27172
http://www.ncbi.nlm.nih.gov/pubmed/30191996
https://doi.org/10.3390/ijms17071169
http://www.ncbi.nlm.nih.gov/pubmed/27447625

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿The overview of cervical cancer﻿

	﻿﻿The epidemiology of cervical cancer﻿

	﻿﻿﻿The characteristics of cervical cancer﻿

	﻿﻿﻿The treatment of cervical cancer﻿


	﻿﻿﻿﻿The relationship between HPV and cervical cancer﻿

	﻿﻿HPV subtypes﻿

	﻿﻿﻿The function of viral proteins﻿

	﻿﻿﻿HPV life cycle﻿


	﻿﻿﻿﻿Cervical cancer screening﻿

	﻿﻿Screening methods﻿


	﻿﻿﻿﻿﻿The prevention of cervical cancer﻿

	﻿﻿﻿Methods﻿

	﻿﻿Search strategy﻿


	﻿﻿﻿﻿Perspective﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


