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Abstract: One of the most significant breakthroughs in cancer research has been the iden-
tification of persistent infection with certain human papillomaviruses (HPV) genotypes
as the cause of cervical cancer. Since then, a range of diagnostic and therapeutic meth-
ods has been developed based on this discovery. This article aims to describe the latest
updates in the biology, prevention, and treatment of HPV-related cervical cancer. The
current state of knowledge regarding vaccinations, diagnostic tests, and cervical cancer
therapies is presented. The latest WHO guidelines on vaccinations are presented, as well as
announcements of upcoming changes. The final part of the article summarizes promising
new diagnostic and treatment methods, as well as perspectives and the latest research
findings on self-administered diagnostic tests, the use of therapeutic vaccines, and circu-
lating cell-free DNA in diagnosis. Despite the significant progress made in recent years,
the strategy based on vaccination and testing remains the cornerstone in the fight against
HPV-related cervical cancer.
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systemic therapy

1. Introduction

Papillomaviruses are small, double-stranded DNA viruses that specifically infect
squamous epithelia or cells capable of squamous maturation. These viruses are strictly
species-specific, meaning that human papillomaviruses (HPVs) exclusively infect humans.
They exhibit remarkable tissue tropism, completing their infectious cycle only in fully
differentiated squamous epithelium. Over the past 25 years, one of the most significant
breakthroughs in cancer research has been the identification of persistent infection with cer-
tain HPV genotypes as the cause of cervical cancer. Comprehensive virological, molecular,
clinical, and epidemiological studies have provided definitive evidence that cervical cancer
results from prolonged, unresolved infection by specific HPV genotypes. Consequently, it
is now understood that cervical cancer is the outcome of a viral infection. This recognition
highlights vaccination as a vital strategy for the primary prevention of cancers and other
diseases associated with HPV. Considering the findings of the research conducted in recent
years, HPV infection may be a contributing factor in the development of many other types
of cancer. The aim of this paper is to discuss the current state of knowledge about the HPV
virus, present the latest discoveries in this field, and explore potential future possibilities
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related to diagnosis and treatment. PubMed and Google Scholar databases were used to
collect data for this review using the following phrases: HPV epidemiology, HPV classifica-
tion, HPV cycle, HPV pathogenesis, HPV screening, colposcopy, microbiota dysbiosis and
HPV, HPV vaccine, HPV infection, HPV related cancers, cervical cancer screening, cervical
cancer treatment, advanced cervical cancer, and HPV E6 E7.

2. Epidemiology

Chesson et al. estimated the lifetime probability of human papillomavirus (HPV)
infection in the United States before it was introduced to HPV vaccination. The analysis
revealed that over 80% of men and women would have HPV by age 45. Among individuals
with at least one opposite-sex partner, 85% of women and 91% of men were projected to con-
tract HPV during their lifetime [1]. The metanalysis from 2010, encompassing 194 studies,
including about one million women tested for cervical HPV infection, showed that the most
common types are HPV16, 18, 52, 31, 58, 39, 51, and 56, but the prevalence differs among
the regions. Sub-Saharan Africa had the highest prevalence (24.0%), especially Eastern
Africa (33.6%). The infection is more prevalent in poor nations than in industrialized ones,
according to the geographic distribution. However, regardless of development level, West
Asia (1.7%) exhibits the lowest prevalence, whereas Eastern Europe (21.4%) exhibits high
prevalence [2]. North America has the lowest genotypic diversity, while Asia displays
the highest [3]. Moreover, the latest meta-analysis showed that genital HPV infection
prevalence is high in men over the age of 15. Globally, nearly one in three men are infected
with HPV of any type, and approximately one in five men carry one or more high-risk (HR)
HPV types [4].

3. Classification of HPV Viruses

The classification of the HPV viruses is based on differences in DNA sequence. There
are five genera of HPV: alpha, beta, gamma, mu, and nu, which are divided into HR-HPV
and low-risk HPV (LR-HPV) subtypes [5]. Currently, there are at least 448 types of HPV,
15 of which have been classified as carcinogenic: HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58,59, 68, 73, and 82 [6,7]. Types 26, 53, and 66 are considered potentially carcinogenic [7].
HPV16 and HPV18 exhibit the highest oncogenic potential; nevertheless, regional genetic
diversity influences their pathogenicity [8]. Based on comparisons of the HPV16 long
control region (LCR) sequences, we can distinguish five groups: European (E), Asian (As),
Asian-American (AA), African 1 (Af-1), and African 2 (Af-2) [3].

4. Risk Factors

While barrier contraception methods, e.g. condoms, are successful in minimizing the
transmission of numerous sexually transmitted infections, they are not entirely effective
against HPV, as the virus can also be transferred via skin-to-skin contact or by contact
between infected fingers and genitalia [9]. In addition, C. trachomatis may increase the risk
of HPV infection and promote virus persistence [10,11]. Other risk factors include gender,
young age, and the number of sexual partners [9,12]. Intercourse with a new sexual partner
carries an increased risk of viral infection and, potentially, cancer development [13,14].

Women are more susceptible to infection with the HPV. The frequency of HPV detec-
tion occurs in two peaks. The most infected are girls in puberty and women under 20 years
of age. Detection of HPV, especially LR-HPV, also concerns elderly women over 55 years
of age, which may be related to the persistence or reactivation of a previously acquired
infection, rather than new or recent infections [15,16]. An increasing number of full-term
pregnancies is associated with a higher risk of invasive cervical carcinoma and chronic



Curr. Oncol. 2025, 32,122

30f22

HPYV infection. This association may be due to pregnancy-induced immunosuppression,
which may favor the HPV infection or enhance its carcinogenic potential [17,18].

Children may become infected with HPV through contact between a parent’s wart,
present on the hand, and the child’s skin while changing a diaper or cleaning the anogenital
area [19,20]. There is also a risk of infection with the virus in the perinatal period, because
the same type of HPV has been detected in both mothers and newborns [21]. If the mother
has a genital HPV infection, the fetus can contract the virus through micro-tears in the fetal
membranes or the placenta [19]. Since HPVs do not induce viraemia, it is unlikely that the
virus is spread through breast milk [22].

New studies show that tobacco smoking promotes the progression of HR-HPV-
induced lesions to precancerous and squamous cell carcinomas of the head and neck,
cervix, anus, and penis [23-25]. Compounds present in cigarette smoke, of which at least 60
are oncogenic in humans, may contribute to increased expression of the virus in cells [26].
Whether oral hormonal contraception increases the progression of HPV infection remains
controversial, and further analysis is therefore necessary [27]. The latest studies exhibit
that certain conditions, such as diabetes, prediabetes, and immunosuppression, predispose
individuals to HPV infection [25,28]. The persistence of the HPV, especially high-risk
types, may be also seen in people with defective immune responses, such as those who
are HIV-positive [29,30]. Additionally, HPV is a contributing factor in the pathogenesis of
vaginal intraepithelial neoplasia in diethylstilbestrol (DES)-exposed patients [31].

5. Pathogenesis and Symptoms of Infection

Undifferentiated basal epithelial cells are infected by the HPV. Nevertheless, access
to the lowest cell layer is restricted by the remaining epithelial layers made by fully
differentiated cells [32]. The infection occurs through microinjuries that expose deeper
layers of the epithelium, allowing the binding of the virion L1 protein to heparin sulfate
proteoglycans. In the next step, the capsid changes conformation by cyclophilin B and loses
affinity for the primary receptor [33,34]. The N-terminus of the L2 protein is exposed, prone
to furin-related proteases. Endosomal escape and infection both require protein cleavage,
so lack of interaction with furin prevents escape from the endocytic compartment [35-37].

After many hours of asynchronous internalization of the capsid with the plasma
membrane, endocytosis occurs, which is dependent on actin instead of clathrins, lipid
rafts, dynamin, or caveolin [31,32]. Virions are transported in endosomes with an acidic
environment, where they undergo subsequent structural changes. The L1 protein is directed
to lysosomes for degradation, whereas the L2 protein enables the escape of the genome /L2
complex to late endosomal compartments by binding to nexin 17, a sorting protein [32,38].
Moreover, the C-terminus of the L2 protein enables the association with microtubule
dynein, which allows the transport of the complex to the nucleus (Figure 1) [39]. Initially,
transcription of the E1 and E2 proteins occurs. During the S phase of virus genetic material
replication, the E2 protein stabilizes its interaction with DNA, while the E1 acts as an ATP-
dependent DNA helicase [40—-42]. The HPV virus does not have the remaining enzymes
necessary for replication, so it uses the host’s enzymes for this purpose. The E6 and
E7 proteins can alter the cellular environment in terminally differentiated or growth-
arrested cells, which leads to viral genome amplification [32]. As a result of degradation of
the pRb protein, the E2F protein is continuously active and binds to DNA transcription
factors, leading to the expression of cyclins and other proteins of the cycle. Finally, the
virus is assembled in terminally differentiated keratinocytes, where access to oxygen is
possible. Disulfide bridges are formed between the L1 proteins, ensuring condensation and
stabilization of the capsid [43]. The exit from the cell is mediated by the E4 protein, which
binds to cytokeratin filaments [44,45].
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Figure 1. Pathogenesis of HPV infection. Abbreviations: HSPG-heparin sulfate proteoglycans.
Original work based on [46]. The graphic shows the process of Human Papillomavirus (HPV)
infection in epithelial cells. The virus enters the deepest layer of the epithelium as a result of tissue
damage, which allows it to interact with the cells of the basal layer of the epidermis. In the next
steps (shown in the diagram), HPV binds to heparan sulfate proteoglycan (HSPG) on the cell surface
(1), which induces conformational changes of the capsid and exposure of the N-terminus of the L2
protein (2). This is followed by cleavage of L2 by furin (3) and actin-dependent endocytosis of the
virus (4). After internalization, the capsid including L1 protein are degraded (5), and the L2-genome
complex is transported to the cell nucleus with help of the dynein complex (6). In the final phase of
the replication cycle, the virus is assembled in terminally differentiated keratinocytes and released
into the environment.

Symptoms of primary infection are not noticeable early, as most HPV infections are
transient. They resolve after 12-18 months in the case of high-risk HPV infections or after
4-9 months in the case of low-risk HPV infections [47]. The cervicovaginal microbiome
(CVM) plays a significant role in the elimination of the virus and the risk of cervical
intraepithelial neoplasia 2 or higher (CIN 2/CIN 2+) [48]. A dominance in Lactobacillus
spp. in CVM is associated with protective role against HPV and decreased risk of HR-HPV-
induced CIN lesions [49,50]. In addition, a decreased population of some bacteria leads
to an increased number of bacteria associated with the persistence of HR-HPV infections
and precancerous lesions, such as Gardnerella spp. (Gardnerella vaginalis), Mobiluncus spp.,
Prevotella spp., Sneathia amnii, Porphyromonas spp., Peptostreptococcus spp., and Atopobium
vaginae [51]. The findings highlight a significant interplay between vaginal microbiota and
HPYV, suggesting that microbial dysbiosis could serve as a diagnostic marker or therapeutic
target. Monitoring the presence of Gardnerella spp. in CMV may allow predicting viral
persistence and future cancer risk due to its immunosuppressive properties [3,48]. Specific
Gardnerella spp. produce sialidase (neuraminidase), encoded by nanH2 and nanH3 genes,
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which degrade protective vaginal mucosa, detach epithelial cells, and promote biofilm
formation [52]. In Novak et al. study women who continue to have cervical HPV16
infection after a year or bacterial vaginosis have higher baseline levels of the nanH3
gene [52]. Furthermore, the amount of Lactobacillus spp. may become the prognostic tool of
HPV elimination. However, larger prospective studies are needed to validate findings, and
applications of innovative microbiome modulation strategies [48,49,51].

The most important symptoms that may indicate an HPV infection include skin warts,
condyloma acuminata, and recurrent respiratory papillomatosis. Cutaneous warts most
often caused by beta and gamma HPV (HPV4, HPV65) are often found in children and
young adults, and the peak detection rate reaches 10-14 years of age [3,53]. They are more
often observed in males or immunocompromised individuals. Infection most often occurs
through skin-to-skin contact. Most of the lesions regress spontaneously within 2 years.
In immunocompromised individuals, the risk of developing squamous cell carcinoma
is higher [53,54]. HPV6 and 11 are responsible for 90% of condyloma acuminata cases
in the anogenital region, on the tongue or lips [55]. The time between the infection and
the development of lesions is 11-12 months in men and 5-6 months in women [56]. The
possible reason for the duration differences between the development of lesions after HPV
infection are immune response, and also anatomical and biological differences, although
more focus should be paid to specify the significant ones. Monsonego et al. showed
that sex steroid hormones, especially progesterone, may act indirectly on HPV-infected
epithelial cells and be implicated as co-factors in HPV-related cervical neoplasia [57].
Ogawa et al. showed that the estrogen/G protein-coupled receptor 30 (GPR30) signaling
is involved in proliferation of adenocarcinoma and normal endocervical columnar cells.
Additionally, estrogen induced genomic instability, by increasing the number of DNA
double strand breaks, leading to carcinogenesis of cervical adenocarcinoma [58]. The
lesions appear as flat or small nodules. On moist mucosal surfaces, they may manifest
as white or pink, soft growths, while keratinized lesions are characteristic of epithelia
with a thick stratum corneum [59]. As a result of HPV16 or HPV18 infection, they may be
classified as Bowenoid papulosis, showing condylomatous features with intraepithelial
neoplasia. If there is a risk of transformation into cancer, it is possible to remove them during
surgery [60].

Recurrent respiratory papillomatosis (RRP) is a benign condition that can develop after
an HPV6 or HPV11 infection. It affects the larynx, trachea, pharynx, nasopharynx, nose,
oral cavity, and lung parenchyma. It manifests itself with hoarseness, but there is a risk
of blocking the airways by the enlargement of the primary cauliflower-like lesion [53,61].
The progressive dysphonia is also an initial symptom in adults [62]. There is a distinction
between JoRRP (Juvenile-onset RRP), which is most often acquired perinatally, and AoRRP
(Adult-onset RRP), which is associated with oral sex. The first one is very common in
Sub-Saharan Africa, while the second one in Europe and South America [53].

6. HPV-Related Cancers: Pathogenesis and Epidemiology

The most significant role in the pathogenesis of neoplastic changes resulting from HPV
infections is played by the proteins E5, E6, and E7. The E5 protein, present in all types of HR-
HPYV, except for Betapapillomaviruses, promotes cancer progression by binding to platelet
growth factor receptors (PDGFR) and epidermal growth factor receptors (EGFR) [63]. The
E6 protein plays a key role in inhibiting the regulation of the cell cycle, as it inactivates the
p53 protein. By stimulating the Wnt/ 3-catenin and Notch pathways, it disrupts normal cell
signaling. It also promotes cell immortality by activating telomerase. The E7 protein inhibits
the action of pRb, p107, p130. As a result, the E2F factor is activated, which promotes the
transition from G1 to S phase (Figure 2) [63,64]. Moreover, in oncogenic HPV types, it binds
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to the non-receptor protein tyrosine phosphatase PTPN14, leading to its degradation, which
results in inhibition of keratinocyte differentiation and their immortality [65]. Both proteins
may activate the PI3K/AKT/mTOR and JAK/STAT signaling pathways, which play a
role in the pathogenesis of cancer. In particular, JAK/STAT plays an important role in the
development of cervical cancer [9,66,67]. These proteins also participate in the inhibition of
the immune response. The E5 protein suppresses interferon (IFN) signaling pathway and
retains MHC-I molecules in the ER and Golgi Apparatus. The E6 protein has the ability
to reduce antigen presentation through a transporter associated with antigen processing
complex (TAP) interference. In turn, E7 increases the population of Treg lymphocytes,
thereby reducing cytotoxic T, and inhibits pyroptosis. Moreover, both proteins cause
up-regulation of immune checkpoint molecules such as PD-L1 [68].
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Figure 2. Pathogenesis of HPV-related cervical cancer. Abbreviations: CIN—cervical intraepithelial
neoplasia. The graphic shows the mechanism leading from human papillomavirus (HPV) infection to
the progression to cervical cancer. After infection of the epithelium, the virus can persist as a chronic
infection, leading to pre-cancerous changes (CIN—cervical intraepithelial neoplasia) and then cervical
cancer. The oncogenic mechanism of HPV proteins E6 and E7 is shown in the upper right corner.
The E6 protein inhibits the action of the tumor suppressor p53 and activates telomerase, supporting
uncontrolled cell proliferation. Additionally, it stimulates the Wnt/beta-catenin pathway and the
Notch pathway, disrupting cell signaling. On the other hand, E7 deactivates proteins regulating
the cell cycle (pRB, p107, p130). Deactivation of pRB protein leads to continuous activation of E2F,
dysregulation of the cell cycle promoting the transition from G1 to S phase, and uncontrolled division
of epithelial cells. Moreover, the graphic shows the impact of vaginal microbiota dysbiosis on HPV
infection. A reduction in the number of protective Lactobacillus spp. and an increase in the population
of Gardnerella vaginalis may promote chronic HPV infection and the progression to cancer. The graphic
also shows the most common oncogenic HPV types associated with cervical cancer: HPV16, HPV18,
HPV31, HPV52, and HPV58.
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The HPV is associated with 4.5% of all cancers, 8.6% of cancers in women, and 0.8%
in men [69]. According to GLOBOCAN data, in 2022, cervical cancer (CC) occurred
at a rate of 19.3 per 100,000 women and was the fourth most common cancer in both
incidence and mortality in women, with an estimated 660,000 new cases and 350,000 deaths
worldwide [6]. The risk of acquiring cervical cancer is 75.4 times higher for women with
chronic HR-HPV infections than for women who are HPV-negative, according to a 16-year
follow-up study [70]. HPV16 is the most common subtype of the virus in CC globally.
The next positions are occupied by HPV18, HPV52, HPV31, and HPV58 [71]. Chronic
HR-HPYV infection causes cervical illness, which in turn causes cervical cancer. Cervical
lesions originate in the transformation zone (TZ), which is situated at the junction between
the ectocervix and the endocervix. Low-grade squamous intraepithelial lesions (LSIL)
are represented by CIN 1 and high-grade squamous intraepithelial lesions (HSIL) are
represented by CIN 2 and CIN 3. The replication activity decreases as the grade of lesion
increases [68].

Cervical cancer is not the only cancer associated with HPV infection. Vulvar cancer
and vaginal cancer are associated with HPV in 70% and 75%, respectively [72]. Moreover,
HPV viruses cause about 26-30% of head and neck cancers, where the incidence of HPV-
related oropharyngeal squamous cell carcinoma (OSCCC) is about 30% (data from 2020)
and is constantly increasing, especially in developed countries [73]. In the last two decades
in some European countries, the incidence has increased significantly [30,74]. Women have
a higher incidence of anal cancer and precancerous anal lesions than men, and 90% of
these lesions are related to HPV16, 18, and 33 [72,75]. The incidence is particularly high
in men who have sex with men (MSM), especially those with HIV [76,77]. Penile cancer
is related to HPV in 60% of cases [72]. Moreover, this virus can be detected in 79.8% of
cases of penile intraepithelial neoplasia (PeIN) and 90% of genital warts cases. The most
frequently documented subtype was HPV16 [53]. It has been demonstrated that HR-HPV
found in benign prostatic tissues immortalizes prostate cells, which could be connected
to the gradual transformation of the prostate gland from a benign neoplasm to prostate
cancer [78,79].

7. World Health Organization Guidelines—HPV Vaccine

Currently there are six licensed HPV vaccines (Table 1). In 2020, the World Health
Organization (WHO) updated its position on human papillomavirus (HPV) vaccines,
introducing new recommendations that included the option of a single-dose schedule [80].
This approach, endorsed by the WHO’s independent advisory group SAGE in April
2020 [81], offers efficacy and protection comparable to the traditional two- or three-dose
regimen. The update comes amidst alarming global declines in HPV vaccination rates.
Between 2019 and 2021, the proportion of girls receiving the first dose of the vaccine
dropped from 25% to 15%, leaving an additional 3.5 million girls unvaccinated in 2021
compared to 2019 [82].

Table 1. WHO-licensed HPV vaccines 2024 [83].

Brand Name [83] Valency Target-HPV Types
Cervarix bivalent 16,18
Cecolin bivalent 16,18
Walrinvax bivalent 16,18
Gardasil quadrivalent 16,18
Cervavax quadrivalent 16,18, 6,11

Gardasil9 nonvalent 16, 18, 31, 33, 45,52, 58, 6, 11
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The revised guidelines aim to enhance vaccine accessibility by simplifying vaccination
logistics, reducing the costs and challenges associated with follow-up appointments, and
enabling countries to vaccinate a larger number of girls. The WHO emphasizes the urgent
need to strengthen HPV vaccination programs, implement these updated schedules swiftly,
and reverse recent declines in coverage [82].

In 2022, further evidence confirmed that a single HPV vaccine dose could provide
strong protection against persistent HPV infection [84]. This prompted the WHO to recom-
mend a flexible approach, allowing countries to adopt either a one- or two-dose schedule
for key target groups:

e  Girls aged 9-14 years: one or two doses.
e  Young women aged 15-20 years: one or two doses.
e  Women over 21 years: two doses spaced 6 months apart.

Special guidelines prioritize individuals who are immunocompromised or living with
HIV. These individuals should receive at least two doses and, when feasible, three doses
for optimal protection [85].

The WHO continues to advocate for vaccinating girls aged 9-14 years during early
adolescence, ideally before sexual activity begins. Focusing on girls not only directly
prevents cervical cancer but also offers herd immunity to boys when coverage is high. This
strategy is more cost-effective than vaccinating both sexes, although some regions choose
to include boys in their programs [82].

In low- and middle-income countries (LMICs), school-based vaccination programs
have proven particularly effective, achieving higher coverage rates than healthcare facility-
based efforts. Countries that have achieved widespread HPV vaccination among adolescent
girls have documented significant decreases in HPV prevalence, cervical precancers, and
invasive cervical cancers. These successes underscore the critical role of robust vaccination
programs in combating HPV-related diseases globally [82].

8. World Health Organization—HPV Vaccine News 2024

In October 2024, the World Health Organization (WHO) announced the prequalifi-
cation of Cecolin as the fourth human papillomavirus (HPV) vaccine approved for use
in a single-dose schedule [86]. This decision was supported by new data demonstrating
that Cecolin meets the criteria established in the WHO's 2020 guidelines for alternative,
off-label single-dose HPV vaccination. This milestone is expected to enhance the global
supply of HPV vaccines, making it possible to vaccinate more girls and reduce the burden
of cervical cancer.

The Cecolin HPV vaccine, a domestic bivalent vaccine targeting HPV types 16 and
18, was introduced in China in 2020 at a lower price than imported alternatives [87].
Clinical trials have demonstrated its safety and immunogenicity, with non-inferiority to
Gardasil in a two-dose schedule [88]. A phase 2 trial of a nonavalent version, Cecolin
9, showed high seroconversion rates and good tolerability in women aged 1845 [89]. A
network meta-analysis comparing HPV vaccines found that Cecolin was most effective
against HPV 18 persistent infection, with 98% efficacy [90]. However, public perception
varies, with women in economically developed areas preferring imported vaccines due to
concerns about effectiveness and quality [87]. Increasing awareness and education about
the domestic vaccine, particularly in underdeveloped areas, could help prevent cervical
cancer and improve vaccine uptake [87].
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In addition, on 2 August 2024, the WHO prequalified a fifth HPV vaccine, Walrinvax,
for global use. This vaccine is approved with a two-dose schedule, further strengthening
the supply of HPV vaccines and expanding access for girls in need of protection. A
study on this bivalent HPV16/18 vaccine demonstrated non-inferior immune responses
in adolescent girls compared to young women, with persistent antibody levels up to
36 months post-vaccination [91]. While Walrinvax is not currently recommended for
single-dose use, additional research may determine its suitability for this approach in
the future.

These developments represent significant progress in efforts to ensure sustainable HPV
vaccine availability worldwide, ultimately supporting expanded vaccination programs to
prevent cervical cancer on a larger scale.

9. The HPV Vaccination Strategy: The Example of Poland

The universal HPV vaccination program in Poland implements the assumptions and
goals of the National Oncology Strategy for 2020-2030. It supplements the free Vaccination
Program for children and adolescents with a new scope of protection against diseases
caused by HPV. The vaccines available under the program are 2-valent Cervarix and
9-valent Gardasil 9. As of 1 September 2024, free-of-charge vaccinations under the universal
HPV vaccination program are available for children from the age of 9 to the age of 14.
Vaccinations are administered in two doses. The interval between these doses in the
program is from 6 to 12 months [92]. Vaccination guidelines are aligned with the WHO
recommendations (Table 2).

Table 2. Vaccination guidelines in Poland, 2024 [93].

Age at the time of . 4-valent vaccine
. 2-valent vaccine .
commencement of vaccination 9-valent vaccine
2-dose regimen 2-dose regimen
second dose 5 to 13 months  second dose 5 to 13 months
after the first dose after the first dose

9-14 years old

if the second dose of vaccine is administered earlier than
5 months after the first dose, administer the third dose

3-dose regimen 3-dose regimen

15 years old and older (0, 1, 6 months) (0, 2, 6 months)

This marks a significant shift from the previous system where HPV vaccines were
recommended but not publicly funded [94]. The first program launched in 2023. Prior to
this program, HPV vaccination rates were low, with only 16% of adolescents reporting being
vaccinated [95]. A study conducted shortly after the program’s launch found that 51.3%
of adults were aware of the free vaccination program, with television being the primary
source of information [96]. The same study revealed that 63.3% of respondents were
willing to vaccinate their children against HPV. Factors associated with higher awareness
and willingness to vaccinate included female gender, higher education, and living in
large cities [96]. These findings highlight the importance of education and accessibility in
improving HPV vaccination rates in Poland.

10. Self-Sampling for HPV Testing

Cervical cancer can also be prevented through screening that detects precancerous
changes in the cervix, allowing for their treatment before they develop into cancer. In
the USA, women’s health professionals usually run a combination of Pap and HPV tests.
But, the new self-collection methods that have been approved can help women collect



Curr. Oncol. 2025, 32,122

10 of 22

their samples by themselves in a range of healthcare settings, which may include pri-
mary care, mobile health clinics, etc. This development offers a great opportunity to
improve access and provide women with a more acceptable option to keep up with regular
screenings [97].

With HPV self-sampling, there is no need for a cervical exam. It collects vagi-
nal material via swabs, tampons, or brushes, which are analyzed for high-risk HPV
strains [98]. Evidence from randomized trials has shown that HPV testing is a more
effective screening method for cervical cancer than cytology [99]. Recent studies in-
dicate that self-collected vaginal samples for high-risk HPV testing are as sensitive as
cytologic examination of clinician-collected cervical samples. The former process is, how-
ever, less specific [98]. Plus, studies from randomized trials conducted internationally
show that sending out self-sampling kits increases participation in screening among
under-screened women as compared to clinician-collected samples [100]. Even so, some
women prefer clinician-collected samples because they are concerned about their abil-
ity to collect a reliable sample on their own [101]. Right now, we need more research
to understand how this affects screening frequency and if it causes any social harm or
adverse outcomes.

11. Screening Tests in the Diagnosis of HPV Infections

Recent studies on HPV screening in Poland reveal important insights into cervical
cancer prevention. Type-specific HPV DNA screening should focus on types 16, 18, and
45[102,103]. A large-scale study using liquid-based cytology, HPV testing, and p16/Ki67
dual-staining demonstrated reporting rates consistent with international standards, indi-
cating the potential effectiveness of private-based screening models [104]. Self-reported
participation in cervical cancer screening has improved significantly, with 86.7% of Polish
women aged >15 years declaring they had undergone a Pap test by 2019. However, dispar-
ities in screening rates persist across age groups, education levels, urbanization, incomes,
and regions, highlighting the need for targeted interventions to address low participation
in specific demographics [105].

The free cytology program in Poland was launched 1 November 2023. It covers women
aged 25 to 64. The main goal is to reduce the number of women who get sick and die from
cervical cancer. A woman can have a cytology if she has not had one in the last three years.
She can also have a test after a year if she has risk factors such as HIV infection or HPV
or is taking immunosuppressive drugs. Woman can have a test under the program free of
charge if they are entitled to healthcare services [106].

12. The Role of Colposcopy in Cervical Cancer Screening—New Polish
Recommendations

Recent studies have examined the role of HPV testing and colposcopy in cervical
cancer screening. HPV testing has shown higher sensitivity than colposcopy in detecting
cervical intraepithelial neoplasia (CIN), while colposcopy demonstrates better specificity.
Combining HPV testing and colposcopy appears to be the most effective method for CIN
detection [107].

The 2020 recommendations of the Polish Society of Gynecologists and Obstetricians,
along with the Polish Society of Colposcopy and Cervical Pathophysiology, present an
updated approach to colposcopic terminology in Poland. These guidelines were devel-
oped based on the 2011 nomenclature created by the International Federation for Cervical
Pathology and Colposcopy (IFCPC) and seek to standardize practices and maximize clarity,
comparability, and global harmonization.
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Colposcopy is an integral part of cervical cancer screening programs worldwide,
having a particular role in the detection of HSIL and cervical cancer. These include the HPV-
dependent model of screening for secondary cervical cancer and terminological advances
from the LAST (Lower Anogenital Squamous Terminology) project.

Notably, the 2020 colposcopy terminology updates suggest the addition of the terms
“adequate” or “inadequate colposcopy,” replacing “satisfactory” or “unsatisfactory col-
poscopy,” which were used previously [108]. This shift highlights the diagnostic utility
of the exam rather than simply the visibility of the structures. Furthermore, additional
diagnostic features have been added to aid in recognizing colposcopic lesions. For ex-
ample, the “sign of the inner border” means a sharp boundary between the narrow
and wide whitening area, whereas the “ridge sign” indicates a transparent, elevated
folding in the transition zone. These updates enhance the prediction and detection
of HSIL.

The guidelines also refine the classification of colposcopic findings. Whether the
examination is adequate will depend on if it allows for diagnostic assessment. It is in-
adequate if it is hindered by factors such as inflammation, bleeding, or scarring. The
squamocolumnar junction (SCJ) is graded as fully visible, partially visible, or not visible.
The scientific name of these cervix regions is the transformation zone, and it is categorized
into three types: Type 1 (entire visible), Type 2 (partially visible but achievable), and Type
3 (not fully visible) [108]. Colposcopic findings that can be normal are mature squamous
epithelium, ectopia, and Nabothian cysts, as well as openings of the glands. Abnormal
findings are categorized as either minor changes consisting of thin acetowhitening and
fine mosaic patterns or major changes consisting of dense acetowhitening, coarse mosaics,
and punctation. Lugol’s iodine staining, previously fitted into the minor finding cate-
gory, has now been categorized as a nonspecific change because of its predictive value
for HSIL.

These recommendations go further to incorporate clinical and legal implications,
highlighting the importance of the standardization of terms in order to achieve accuracy,
ensuring consistency from cytology to histology and colposcopy. It has been brought out
that accurate documentation will reduce medical-legal risks and improve communication
among clinicians [108].

13. Treatment of HPV-Related Cervical Cancer

Depending on the cervical cancer stage at the time of diagnosis, the primary treat-
ment options with curative intent are surgery, chemoradiation, and a combination [109].
The presence of a cancer subtype (Squamous cell carcinoma (SCC), adenocarcinoma (AC),
adenosquamous carcinoma (ASC)) or HPV infection does not exclude any treatment op-
tion [109]. Three groups were distinguished to describe clinical management and will be
used to describe the latest updates in treatment, relating to Féderation Internationale de
Gynécologie et d’Obstétrique (FIGO) staging:

1.  Early-Stage Cervical Cancer (FIGO IA-IIA)

2. Locally Advanced Cervical Cancer (LACC) (FIGO IIB-IVA, extending to the pelvic
side wall or adjacent organs)

3. Recurrent or Metastatic Cervical Cancer (FIGO IVB, any T any N, M+) [109-111].

The summary of treatment information is presented in Table 3.
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Table 3. Treatment of HPV-related cervical cancer updates.
FIGO Stage Guidelines New Options Additional Information References
FIGO TA Trachelectomy [111]
-laparoscopy or
robot-assisted surgery
cannot be regarded as
the preferred treatment
FIGO IB-IIA Radical/simple in comparison with [111-118]
hysterectomy open surgery
-radiotherapy could be
safer than surgery for
postmenopausal
patients
-addition of
Platinum-derived induction -exploration of
chemotherapy and chemotherapy durvalumab use in
FIGO IIB-IVA concomitant external -addition of patients with high [109,112,119-128]
radiation therapy followed pembrolizumab to tumoral PD-L1
by brachytherapy the conventional expression
chemoradiotherapy
-pembrolizumab
. combined with
Palliative
. chemotherapy
chemo/chemoradiotherapy . .
.. (+/—Dbevacizumab) -second-line therapy
(combination of L. . [109,112,115,128—
FIGO IVB . -addition of choice depends on
platinum-based . L 131]
atezolizumab to a tumor characteristics
chemotherapy)
standard

Second-line therapy

bevacizumab plus
platinum regimen

13.1. Early-Stage Cervical Cancer (FIGO IA-1IA)

The treatment of choice in this stage is surgery, most commonly radical hysterectomy
combined with systematic pelvic lymphadenectomy with or without sentinel lymph node
(SLN) [112]. SLN dissection should be considered in FIGO stage I patients with tumors of
<4 cm only in highly specialized centers. It is performed by injecting a tracer directly into
the cervix and using blue dye, technetium radiocolloid, or fluorescent indocyanine green.
Moreover, SLN should be detected on both sides. [111]. Microinvasive cervical cancer
(stage IA1) without lymphovascular space invasion (LVSI) can be treated with preservation
of fertility by conization or simple trachelectomy [111]. In the 2020 update in the clinical
guidelines, ESMO stated the fact that radical hysterectomy performed by laparoscopy
or robot-assisted surgery cannot be regarded as the preferred treatment in comparison
with open surgery [111,113,114]. In the ESGO2023 guidelines, radical hysterectomy in the
form of minimally invasive surgery may be considered only in low-risk tumors (<2 cm
and free margins after conization) and in high-volume centers only with the patient’s
consent [115]. The possibility of ovarian preservation should be considered, especially in
young women with HPV-related cervical cancer, but it is not recommended in cases of HPV-
independent adenocarcinomas [112]. If the ovaries are preserved, opportunistic bilateral
salpingectomy or exclusive radio-chemotherapy should be added to the treatment [115].
When we consider de-escalation from radical to simple hysterectomy in cervical cancer
tumors <2 cm, with the possible benefits and risks, we should point out that recent studies
confirmed that simple hysterectomy is comparable to radical in terms of the 3-year incidence
of pelvic recurrence [116-118]. In contrast to the previously mentioned recommendations,
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the 20-year randomized study showed that there was no advantage to surgery compared
to radiation in treatment for early-stage cervical carcinoma in terms of survival, and the
treatment should be chosen by considering clinical factors such as menopausal status and
comorbidities. Nevertheless, for histological-type adenocarcinoma, surgery was confirmed
as a better choice [132]. Expert opinions suggest that for postmenopausal patients with
comorbidities, radical radiotherapy could be a safer option in cases of FIGO I-1I, but there
is no strong evidence [110].

13.2. Locally Advanced Cervical Cancer—LACC (FIGO IIB-IVA)

For many years, based on randomized phase III trials, the gold standard for
treating LACC was invariably platinum-derived (cisplatin alone [preferred] or cis-
platin/fluorouracil) chemotherapy and concomitant external radiation therapy followed
by brachytherapy [112,119-123].

In the case of a cisplatin-intolerant patient, NCCN guidelines recommend to use
carboplatin; alternatively, capecitabine/mitomycin, gemcitabine, and paclitaxel can be
considered when cisplatin and carboplatin are unavailable [109]. The NCCN empha-
sizes that the cost and toxicity profiles of radiosensitizing agents should be considered
when selecting an appropriate regimen for treatment, especially when these regimens
are being used for extended-field RT where toxicities may be more severe [109]. The
INTERLACE trial (2012-2022)was a multicenter, randomized phase 3 trial conducted at
32 medical centers, including patients with locally advanced cervical cancer (FIGO stage
IB1 disease with nodal involvement, or stage 1B2, IIA, IIB, IIIB, or IVA), to compare stan-
dard cisplatin-based chemoradiotherapy (once-a-week intravenous cisplatin 40 mg/m?
for 5 weeks with 45.0-50.4 Gy external beam radiotherapy delivered in 20-28 fractions
plus brachytherapy to achieve a minimum total 2 Gy equivalent dose of 78-86 Gy) alone
to induction chemotherapy (once-a-week intravenous carboplatin area under the receiver
operator curve 2 and paclitaxel 80 mg/m? for 6 weeks) followed by standard cisplatin-
based chemoradiotherapy [124]. The findings of this study revealed that short-course
induction chemotherapy followed by chemoradiotherapy significantly improved the sur-
vival of patients with LACC, regardless of the response to induction chemotherapy [124].
In contrast to the benefits of induction before chemoradiotherapy, the OUTBACK study
showed that four cycles of adjuvant paclitaxel 155 mg/m? plus carboplatin AUC 5 dosed
3 times a week did not improve 5-year OS compared to chemoradiotherapy alone (72%
vs. 71%, HR = 0.90; 95% CI = 0.70-1.17; p = 0.81) [125]. Another phase 3 study (3 ENGOT-
cx11/GOG-3047 /KEYNOTE-A18 clinical trial) for LACC (FIGO IB2-1IB node-positive and
stage III-IVA any nodal status) treatment assessed the efficacy and safety of adding to the
standard chemoradiotherapy an anti-programmed death-1 (anti-PD-1) immune checkpoint
inhibitor (ICI)—pembrolizumab. This study compared two groups of patients treated with
five cycles of pembrolizumab (200 mg) or placebo every 3 weeks, plus chemoradiotherapy,
followed by 15 cycles of pembrolizumab (400 mg) or placebo every 6 weeks [126]. The
results revealed that the addition of pembrolizumab to the conventional chemoradiother-
apy significantly improved progression-free survival in patients with newly diagnosed,
high-risk, locally advanced cervical cancer [126]. The third interesting recent study for
LACC treatment—the CALLA trial — assessed the efficacy of adding durvalumab, a PD-L1
antibody, with and following chemoradiotherapy [127]. The findings suggest that durval-
umab did not significantly improve progression-free survival in a biomarker unselected,
all-comers population, but the authors suggest its further exploration in patients with
high-tumoral PD-L1 expression [127]. In summary, adding induction chemotherapy (IN-
TERLACE for FIGO stages IB3-IVA, except IIIA and those with nodal disease above the
aortic bifurcation), and, separately, concurrent-maintenance pembrolizumab (KEYNOTE-
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A18 trial in FIGO stages IIIA-IVA), to the standard chemoradiotherapy created two new,
more effective treatment protocols for LACC, from witch INTERLACE has more potential
for worldwide application in LACC than KEYNOTE-A18, because induction chemotherapy
has already demonstrated a 39% relative risk reduction of all-cause mortality compared to
the standard chemoradiotherapy alone [128].

13.3. Recurrent or Metastatic Cervical Cancer (FIGO IVB)

In cases of recurrent or metastatic cervical cancer, the treatment of choice is pallia-
tive chemo- or chemoradiotherapy [109]. According to the NCCN, the preferred first-line
chemotherapy is the combination of platinum-based chemotherapy (cisplatin or carbo-
platin/paclitaxel /bevacizumab), because very often those patients who develop metastasis
have already received concurrent cisplatin/RT and may not respond to single-agent plat-
inum therapy [109].

The NCCN also recommends platinum-containing combination regimens are cis-
platin/paclitaxel (category 1), carboplatin/paclitaxel (category 1), topotecan/paclitaxel /
bevacizumab (category 1), topotecan/paclitaxel, and cisplatin/topotecan as appropriate
alternative options for certain patients [109].

New treatment options are also included in the newest recommendations of many
scientific societies. The KEYNOTE-826 study revealed the efficacy of pembrolizumab
combined with chemotherapy (with or without bevacizumab), with clinically meaningful
improvements in OS, and, therefore, it is now a category 1 preferred treatment for patients
with PD-L1 (CPS >1) tumor expression. [109,112,115,128,129].

Another open-label, randomized trial proposes a new first-line therapy option.
BEATcc (ENGOT-cx10/GEICO 68-C/JGOG1084/GOG-3030) compared the anti-PD-L1,
atezolizumab, paclitaxel-platinum plus bevacizumab regimen and proved that the ad-
dition of atezolizumab to a standard bevacizumab plus platinum regimen significantly
improves progression-free and overall survival [130].

In cases of progression after first-line chemotherapy, unfortunately, progression-free
survival was approximately 3 to 6 months [131].

Second-line therapy for recurrent or metastatic cervical cancer options depend on the
tumors’ characteristics and include:

e chemotherapy (paclitaxel, albumin-bound paclitaxel, docetaxel, fluorouracil, gemc-
itabine, pemetrexed, topotecan, vinorelbine, and irinotecan),

bevacizumab,

pembrolizumab,

tisotumab vedotin-tftv,

cemiplimab,

Nivolumab for PD-L1-positive tumors,

Selpercatinib for RET gene fusion—positive tumors,

TRK inhibitors for NTRK gene fusion—positive tumors (larotrectinib, entrectinib),
Trastuzumab deruxtecan for HER2-positive tumors,

biomarkers with their associated targeted treatments as second-line/subsequent thera-
pies [109].

14. Future Directions

Perspectives for new diagnostic and treatment methods:

14.1. Therapeutic Vaccine

In a different strategy than preventive vaccines, which result in neutralizing antibodies,
therapeutic vaccines aim to generate cell-mediated immunity [133]. The main targets are
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oncoproteins E6 and E7, as they play a crucial role in the development of the malignancies
associated with HPV and are expressed in precancerous and cancerous lesions. There are
various types of vaccines tested in clinical trials with promising results, which are based on

e  Dbacterial vector (L. monocytogenes, L. lactis, L. plantarum, L. casei, Salmonella, Shigella,
and E. coli),

viral vector (adenoviruses, adeno-associated viruses, alphaviruses, and vaccinia virus),
peptide,

protein,

DNA,

RNA replicon,

dendritic cell,

tumor cell [133].

Adoptive T-cell therapy is another strategy that offers more rigorous control over the
magnitude of the targeted response than tumor vaccination, and it showed clinical activity
for LACC in phase-lII-trial patients [134,135].

Moreover, Kim et al. conducted a study on electroporation-enhanced immunization
with a rationally designed HPV DNA vaccine (GX-188E) that targeted HPV antigens to
dendritic cells, eliciting a significant E6/E7-specific IFN-y-producing T-cell response in all
nine cervical intraepithelial neoplasia 3 (CIN3) patients [136].

Another recent study presented the safety and efficacy of a dual-purpose (targeting
active infections as well as established HPV-related malignancies) HPV nanoparticle vaccine
(cPANHPVAX) with eight different HPV L2 peptide epitopes on the E7 oncoantigens from
HPV16 and 18. This new solution can be beneficial for uninfected and infected patients,
acting as both a preventive and curative agent [137].

In conclusion, the combination of HPV therapeutic vaccines with radiotherapy,
chemotherapy, immunomodulators, or immune checkpoint inhibitors creates new im-
provement potential in cervical cancer treatment [135].

14.2. Oncoproteins E6 and E7 Antibodies as Serological Markers

Another method that was assessed in a meta-analysis is HPV16 and HPV18 E6 and
E7 antibodies, and its findings suggest that those markers have high specificity but low
sensitivity to detect cervical cancer or precancerous lesions [138]. A recent meta -analysis
stated in its conclusions that this method is suitable to be used for triaging HPV-positive
women because of its high specificity; nevertheless, oncoprotein-negative women would
not be recommended to undertake routine screening, as they are in need of follow-ups [139].

14.3. Circulating Cell-Free DNA (cfDNA)

A recent study reported on a blood-based test for HPV-specific E7 and L1 genes,
measured in cell-free DNA (cfDNA) extracted from plasma by the use of droplet digital
PCR [140]. This diagnostic method may serve as a tumor marker to guide treatment
and detect early recurrence in cervical cancer, because the statistics showed significant
correlation between high viral load (defined as >20 E7 or L1 copies per 20 uL reaction
volume) and increased risk of recurrence and death at 5 years on univariate analysis but
not multivariate analysis [140]. In addition, another study had results that confirmed a
minimally invasive method of detecting HPV E7 cfDNA as a potential tumor marker, with
great specificity and moderate sensitivity for monitoring cervical cancer [141].

15. Conclusions

Since HPV was identified as the necessary cause of cervical cancer, HPV-based tech-
nologies have become central to innovative strategies for both primary and secondary
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prevention. These advancements include the use of HPV testing in screening programs
and the introduction of HPV vaccines for preadolescent girls and young women. When
implemented broadly and strategically, these protocols have the potential to fulfill Pa-
panicolaou’s vision of eradicating cervical cancer by extending the benefits of prevention
to populations in developing regions worldwide. With the continuous advancement of
medical technologies, faster and more convenient methods for conducting such tests are
becoming available. However, the primary strategy for combating cervical cancer remains
testing and vaccination. New clinical trials explore the addition of immunotherapy and
new protocols with induction therapy to the treatment of higher-staged cervical cancers
with promising results for future applications.

Author Contributions: Conceptualization, E.W.,, E.S., and K.K.; methodology, E-W., M.P.B., and
A.B.-K,; validation, M.P.B., A.B.-K., and A.D.; formal analysis, E.W. and K. K.; writing—original
draft preparation, EEW., K K., and E.S.; writing—review and editing, EW., M.P.B., A.D,, and A.B.-K,;
visualization, E.S.; supervision, A.B.-K., M.P.B., and A.D. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: Figures 1 and 2 in this article were created using Procreate (https://procreate.
com/, Savage Interactive Pty Ltd., Hobart, TAS, Australia), a digital illustration app for iPad.

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

References

1.

10.

11.

12.

Chesson, HW.; Dunne, E.F; Hariri, S.; Markowitz, L.E. The estimated lifetime probability of acquiring human papillomavirus in
the United States. Sex. Transm. Dis. 2014, 41, 660—-664. [CrossRef] [PubMed]

Bruni, L.; Diaz, M.; Castellsagué, X.; Ferrer, E.; Bosch, FX.; de Sanjosé, S. Cervical Human Papillomavirus Prevalence in 5
Continents: Meta-Analysis of 1 Million Women with Normal Cytological Findings. J. Infect. Dis. 2010, 202, 1789-1799. [CrossRef]
Kombe, A.J.K,; Li, B.; Zahid, A.; Mengist, HM.; Bounda, G.-A.; Zhou, Y;; Jin, T. Epidemiology and Burden of Human Papillo-
mavirus and Related Diseases, Molecular Pathogenesis, and Vaccine Evaluation. Front. Public Health 2020, 8, 552028. [CrossRef]
[PubMed]

Bruni, L.; Albero, G.; Rowley, J.; Alemany, L.; Arbyn, M.; Giuliano, A.R.; Markowitz, L.E.; Broutet, N.; Taylor, M. Global and
regional estimates of genital human papillomavirus prevalence among men: A systematic review and meta-analysis. Lancet Glob.
Health 2023, 11, e1345-e1362. [CrossRef] [PubMed]

Chen, Z.; Schiffman, M.; Herrero, R.; DeSalle, R.; Anastos, K.; Segondy, M.; Sahasrabuddhe, V.V.; Gravitt, PE.; Hsing, A.W.; Chan,
PK.; et al. Classification and evolution of human papillomavirus genome variants: Alpha-5 (HPV26, 51, 69, 82), Alpha-6 (HPV30,
53, 56, 66), Alpha-11 (HPV34, 73), Alpha-13 (HPV54) and Alpha-3 (HPV61). Virology 2018, 516, 86-101. [CrossRef]

Bray, F.; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer ]. Clin. 2024, 74, 229-263. [CrossRef]
Muiioz, N.; Bosch, EX.; De Sanjosé, S.; Herrero, R.; Castellsagué, X.; Shah, K.V.; Snijders, PJ.E.; Meijer, C.J.L.M. Epidemiologic
Classification of Human Papillomavirus Types Associated with Cervical Cancer. N. Engl. J. Med. 2003, 348, 518-527. [CrossRef]
[PubMed]

Khan, M.].; Castle, PE.; Lorincz, A.T.; Wacholder, S.; Sherman, M.; Scott, D.R.; Rush, B.B.; Glass, A.G.; Schiffman, M. The Elevated
10-Year Risk of Cervical Precancer and Cancer in Women With Human Papillomavirus (HPV) Type 16 or 18 and the Possible
Utility of Type-Specific HPV Testing in Clinical Practice. JNCI J. Natl. Cancer Inst. 2005, 97, 1072-1079. [CrossRef]

Winer, R.L; Lee, S.-K.; Hughes, ].P.; Adam, D.E.; Kiviat, N.B.; Koutsky, L.A. Genital Human Papillomavirus Infection: Incidence
and Risk Factors in a Cohort of Female University Students. Am. ]. Epidemiol. 2003, 157, 218-226. [CrossRef] [PubMed]
Mukherjee, A.G.; Wanjari, U.R.; Gopalakrishnan, A.V.; Kannampuzha, S.; Murali, R.; Namachivayam, A.; Ganesan, R.; Renu, K,;
Dey, A.; Vellingiri, B.; et al. Exploring the Molecular Pathogenesis, Pathogen Association, and Therapeutic Strategies against HPV
Infection. Pathogens 2022, 12, 25. [CrossRef]

Di Pietro, M.; Filardo, S.; Porpora, M.G.; Recine, N.; Latino, M.A.; Sessa, R. HPV /Chlamydia trachomatis co-infection: Metagenomic
analysis of cervical microbiota in asymptomatic women. New Microbiol. 2018, 41, 34—41. [PubMed]

Yamaguchi, M.; Sekine, M.; Hanley, S.].B.; Kudo, R.; Hara, M.; Adachi, S.; Ueda, Y.; Miyagi, E.; Enomoto, T. Risk factors for HPV
infection and high-grade cervical disease in sexually active Japanese women. Sci. Rep. 2021, 11, 2898. [CrossRef] [PubMed]


https://procreate.com/
https://procreate.com/
https://doi.org/10.1097/OLQ.0000000000000193
https://www.ncbi.nlm.nih.gov/pubmed/25299412
https://doi.org/10.1086/657321
https://doi.org/10.3389/fpubh.2020.552028
https://www.ncbi.nlm.nih.gov/pubmed/33553082
https://doi.org/10.1016/S2214-109X(23)00305-4
https://www.ncbi.nlm.nih.gov/pubmed/37591583
https://doi.org/10.1016/j.virol.2018.01.002
https://doi.org/10.3322/caac.21834
https://doi.org/10.1056/NEJMoa021641
https://www.ncbi.nlm.nih.gov/pubmed/12571259
https://doi.org/10.1093/jnci/dji187
https://doi.org/10.1093/aje/kwf180
https://www.ncbi.nlm.nih.gov/pubmed/12543621
https://doi.org/10.3390/pathogens12010025
https://www.ncbi.nlm.nih.gov/pubmed/29313867
https://doi.org/10.1038/s41598-021-82354-6
https://www.ncbi.nlm.nih.gov/pubmed/33536516

Curr. Oncol. 2025, 32,122 17 of 22

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Drake, V.E.; Fakhry, C.; Windon, M.].; Stewart, C.M.; Akst, L.; Hillel, A.; Chien, W.; Ha, P.; Miles, B.; Gourin, C.G.; et al. Timing,
number, and type of sexual partners associated with risk of oropharyngeal cancer. Cancer 2021, 127, 1029-1038. [CrossRef]
[PubMed]

Liu, Z.-C,; Liu, W.-D.; Liu, Y.-H.; Ye, X.-H.; Chen, S.-D. Multiple Sexual Partners as a Potential Independent Risk Factor for
Cervical Cancer: A Meta-analysis of Epidemiological Studies. Asian Pac. ]. Cancer Prev. 2015, 16, 3893-3900. [CrossRef]

the HPV Study Group HPV Study; Molano, M.; Posso, H.; Weiderpass, E.; Brule, A.].C.v.D.; Ronderos, M.; Franceschi, S.; Meijer,
C.J.L.M,; Arslan, A.; Munoz, N. Prevalence and determinants of HPV infection among Colombian women with normal cytology.
Br. J. Cancer 2002, 87, 324-333. [CrossRef] [PubMed]

Petignat, P.,; Faltin, D.; Goffin, F; Billieux, M.-H.; Stucki, D.; Sporri, S.; Vassilakos, P. Age-related performance of human
papillomavirus testing used as an adjunct to cytology for cervical carcinoma screening in a population with a low incidence of
cervical carcinoma. Cancer 2005, 105, 126-132. [CrossRef] [PubMed]

Okunade, K.S. Human papillomavirus and cervical cancer. J. Obstet. Gynaecol. 2019, 40, 602—-608. [CrossRef]

International Collaboration of Epidemiological Studies of Cervical Cancer. Cervical carcinoma and reproductive factors: Collabo-
rative reanalysis of individual data on 16,563 women with cervical carcinoma and 33,542 women without cervical carcinoma
from 25 epidemiological studies. Int. |. Cancer 2006, 119, 1108-1124. [CrossRef]

Sabeena, S.; Bhat, P; Kamath, V.; Arunkumar, G. Possible non-sexual modes of transmission of human papilloma virus. J. Obstet.
Gynaecol. Res. 2017, 43, 429-435. [CrossRef]

Petca, A.; Borislavschi, A.; Zvanca, M.E.; Petca, R.-C.; Sandru, F.; Dumitrascu, M.C. Non-sexual HPV transmission and role of
vaccination for a better future (Review). Exp. Ther. Med. 2020, 20, 186. [CrossRef] [PubMed]

Rombaldi, R.L.; Serafini, E.P.; Mandelli, J.; Zimmermann, E.; Losquiavo, K.P. Perinatal transmission of human papilomavirus
DNA. Virol. ]. 2009, 6, 83. [CrossRef]

Cason, J.; Mant, C.A. High-risk mucosal human papillomavirus infections during infancy & childhood. J. Clin. Virol. Off. Publ.
Pan Am. Soc. Clin. Virol. 2005, 32 (Suppl. 1), S52-S58. [CrossRef]

Mufioz, J.P,; Carrillo-Beltran, D.; Aedo-Aguilera, V.; Calaf, G.M.; Leén, O.; Maldonado, E.; Tapia, ].C.; Boccardo, E.; Ozbun, M.A;
Aguayo, F. Tobacco Exposure Enhances Human Papillomavirus 16 Oncogene Expression via EGFR/PI3K/Akt/c-Jun Signaling
Pathway in Cervical Cancer Cells. Front. Microbiol. 2018, 9, 3022. [CrossRef] [PubMed]

Appleby, P.; Beral, V.; de Gonzalez, A.B.; Colin, D.; Franceschi, S.; Goodill, A.; Green, ].; Peto, J.; Plummer, M.; Sweetland, S.
Carcinoma of the cervix and tobacco smoking: Collaborative reanalysis of individual data on 13,541 women with carcinoma of
the cervix and 23,017 women without carcinoma of the cervix from 23 epidemiological studies. Int. ]. Cancer 2006, 118, 1481-1495.
[CrossRef] [PubMed]

Hewavisenti, R.V.; Arena, J.; Ahlenstiel, C.L.; Sasson, S.C. Human papillomavirus in the setting of immunodeficiency: Pathogene-
sis and the emergence of next-generation therapies to reduce the high associated cancer risk. Front. Immunol. 2023, 14, 1112513.
[CrossRef] [PubMed]

Aguayo, E; Munoz, ].P,; Perez-Dominguez, F.; Carrillo-Beltran, D.; Oliva, C.; Calaf, G.M.; Blanco, R.; Nufiez-Acurio, D. High-Risk
Human Papillomavirus and Tobacco Smoke Interactions in Epithelial Carcinogenesis. Cancers 2020, 12, 2201. [CrossRef]
Anastasiou, E.; McCarthy, K.J.; Gollub, E.L.; Ralph, L.; van de Wijgert, ].H.; Jones, H.E. The relationship between hormonal
contraception and cervical dysplasia/cancer controlling for human papillomavirus infection: A systematic review. Contraception
2021, 107, 1-9. [CrossRef] [PubMed]

Yue, C.; Zhang, C.; Ying, C.; Jiang, H. Diabetes associated with HPV infection in women aged over 50 years: A cross-sectional
study from China’s largest academic woman'’s hospital. Front. Endocrinol. 2022, 13, 972963. [CrossRef]

Nunes, R.A.L.; Morale, M.G.; Silva, G.A.E; Villa, L.L.; Termini, L. Innate immunity and HPV: Friends or foes. Clinics 2018, 73,
e549s. [CrossRef] [PubMed]

Lechner, M,; Liu, J.; Masterson, L.; Fenton, T.R. HPV-associated oropharyngeal cancer: Epidemiology, molecular biology and
clinical management. Nat. Rev. Clin. Oncol. 2022, 19, 306-327. [CrossRef] [PubMed]

Bornstein, J.; Kaufman, R.H.; Adam, E.; Adler-Storthz, K. Human papillomavirus associated with vaginal intraepithelial neoplasia
in women exposed to diethylstilbestrol in utero. Obstet. Gynecol. 1987, 70, 75-80.

Harden, M.E.; Munger, K. Human papillomavirus molecular biology. Mutat. Res. Mol. Mech. Mutagen. 2017, 772, 3-12. [CrossRef]
Schifer, G.; Blumenthal, M.].; Katz, A.A. Interaction of human tumor viruses with host cell surface receptors and cell entry. Viruses
2015, 7, 2592-2617. [CrossRef] [PubMed]

Johnson, K.M.; Kines, R.C.; Roberts, ].N.; Lowy, D.R.; Schiller, ].T.; Day, PM. Role of heparan sulfate in attachment to and infection
of the murine female genital tract by human papillomavirus. J. Virol. 2009, 83, 2067-2074. [CrossRef] [PubMed]

Richards, R.M.; Lowy, D.R,; Schiller, ].T.; Day, PM. Cleavage of the papillomavirus minor capsid protein, L2, at a furin consensus
site is necessary for infection. Proc. Natl. Acad. Sci. USA 2006, 103, 1522-1527. [CrossRef] [PubMed]

Sapp, M.; Bienkowska-Haba, M. Viral entry mechanisms: Human papillomavirus and a long journey from extracellular matrix to
the nucleus. FEBS ]. 2009, 276, 7206-7216. [CrossRef]


https://doi.org/10.1002/cncr.33346
https://www.ncbi.nlm.nih.gov/pubmed/33426652
https://doi.org/10.7314/APJCP.2015.16.9.3893
https://doi.org/10.1038/sj.bjc.6600442
https://www.ncbi.nlm.nih.gov/pubmed/12177803
https://doi.org/10.1002/cncr.21060
https://www.ncbi.nlm.nih.gov/pubmed/15822123
https://doi.org/10.1080/01443615.2019.1634030
https://doi.org/10.1002/ijc.21953
https://doi.org/10.1111/jog.13248
https://doi.org/10.3892/etm.2020.9316
https://www.ncbi.nlm.nih.gov/pubmed/33101476
https://doi.org/10.1186/1743-422X-6-83
https://doi.org/10.1016/j.jcv.2004.12.007
https://doi.org/10.3389/fmicb.2018.03022
https://www.ncbi.nlm.nih.gov/pubmed/30619121
https://doi.org/10.1002/ijc.21493
https://www.ncbi.nlm.nih.gov/pubmed/16206285
https://doi.org/10.3389/fimmu.2023.1112513
https://www.ncbi.nlm.nih.gov/pubmed/36960048
https://doi.org/10.3390/cancers12082201
https://doi.org/10.1016/j.contraception.2021.10.018
https://www.ncbi.nlm.nih.gov/pubmed/34752778
https://doi.org/10.3389/fendo.2022.972963
https://doi.org/10.6061/clinics/2018/e549s
https://www.ncbi.nlm.nih.gov/pubmed/30328949
https://doi.org/10.1038/s41571-022-00603-7
https://www.ncbi.nlm.nih.gov/pubmed/35105976
https://doi.org/10.1016/j.mrrev.2016.07.002
https://doi.org/10.3390/v7052592
https://www.ncbi.nlm.nih.gov/pubmed/26008702
https://doi.org/10.1128/JVI.02190-08
https://www.ncbi.nlm.nih.gov/pubmed/19073722
https://doi.org/10.1073/pnas.0508815103
https://www.ncbi.nlm.nih.gov/pubmed/16432208
https://doi.org/10.1111/j.1742-4658.2009.07400.x

Curr. Oncol. 2025, 32,122 18 of 22

37.

38.

39.

40.

41.

42.
43.

44.
45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Bienkowska-Haba, M.; Patel, H.D.; Sapp, M. Target cell cyclophilins facilitate human papillomavirus type 16 infection. PLOS
Pathog. 2009, 5, €1000524. [CrossRef] [PubMed]

Marusi¢, M.B.; Ozbun, M.A.; Campos, S.K.; Myers, M.P,; Banks, L. Human papillomavirus L2 facilitates viral escape from late
endosomes via sorting nexin 17. Traffic 2011, 13, 455-467. [CrossRef]

Florin, L.; Becker, K.A.; Lambert, C.; Nowak, T.; Sapp, C.; Strand, D.; Streeck, R.E.; Sapp, M. Identification of a dynein interacting
domain in the papillomavirus minor capsid protein 12. J. Virol. 2006, 80, 6691-6696. [CrossRef] [PubMed]

Sakakibara, N.; Mitra, R.; McBride, A.A. The papillomavirus E1 helicase activates a cellular DNA damage response in viral
replication foci. J. Virol. 2011, 85, 8981-8995. [CrossRef]

Day, PM.; Baker, C.C.; Lowy, D.R,; Schiller, ].T. Establishment of papillomavirus infection is enhanced by promyelocytic leukemia
protein (PML) expression. Proc. Natl. Acad. Sci. USA 2004, 101, 14252-14257. [CrossRef] [PubMed]

McBride, A.A. The Papillomavirus E2 proteins. Virology 2013, 445, 57-79. [CrossRef]

Buck, C.B.; Thompson, C.D.; Pang, Y.-Y.S.; Lowy, D.R.; Schiller, ].T. Maturation of papillomavirus capsids. J. Virol. 2005, 79,
2839-2846. [CrossRef] [PubMed]

Doorbar, J. The E4 protein; structure, function and patterns of expression. Virology 2013, 445, 80-98. [CrossRef] [PubMed]

Yajid, A.L; Zakariah, M.A.; Zin, A.A.M.; Othman, N.H. Potential Role of E4 Protein in Human Papillomavirus Screening: A
Review. Asian Pac. J. Cancer Prev. 2017, 18, 315-319. [CrossRef]

Gheit, T. Mucosal and Cutaneous Human Papillomavirus Infections and Cancer Biology. Front. Oncol. 2019, 9, 355. [CrossRef]
Ntanasis-Stathopoulos, I.; Kyriazoglou, A.; Liontos, M.; Dimopoulos, M.A.; Gavriatopoulou, M. Current trends in the management
and prevention of human papillomavirus (HPV) infection. J. Buon. 2020, 25, 1281-1285. [PubMed]

Usyk, M.; Zolnik, C.P; Castle, PE; Porras, C.; Herrero, R.; Gradissimo, A.; Gonzalez, P; Safaeian, M.; Schiffman, M.; Burk, R.D,;
et al. Cervicovaginal microbiome and natural history of HPV in a longitudinal study. PLOS Pathog. 2020, 16, €1008376. [CrossRef]
Tamarelle, J.; Thiébaut, A.; de Barbeyrac, B.; Bébéar, C.; Ravel, J.; Delarocque-Astagneau, E. The vaginal microbiota and its
association with human papillomavirus, Chlamydia trachomatis, Neisseria gonorrhoeae and Mycoplasma genitalium infections:
A systematic review and meta-analysis. Clin. Microbiol. Infect. Off. Publ. Eur. Soc. Clin. Microbiol. Infect. Dis. 2018, 25, 35-47.
[CrossRef]

Mortaki, D.; Gkegkes, I.D.; Psomiadou, V.; Blontzos, N.; Prodromidou, A.; Lefkopoulos, E; Nicolaidou, E. Vaginal microbiota and
human papillomavirus: A systematic review. J. Turk. Gynecol. Assoc. 2020, 21, 193-200. [CrossRef] [PubMed]

Huang, R.; Liu, Z.; Sun, T.; Zhu, L. Cervicovaginal microbiome, high-risk HPV infection and cervical cancer: Mechanisms and
therapeutic potential. Microbiol. Res. 2024, 287, 127857. [CrossRef] [PubMed]

Novak, J.; Belleti, R.; Pinto, G.V.d.S.; Bolpetti, A.D.N.; da Silva, M.G.; Marconi, C. Cervicovaginal Gardnerella sialidase-encoding
gene in persistent human papillomavirus infection. Sci. Rep. 2023, 13, 14266. [CrossRef]

Milano, G.; Guarducci, G.; Nante, N.; Montomoli, E.; Manini, I. Human Papillomavirus Epidemiology and Prevention: Is There
Still a Gender Gap? Vaccines 2023, 11, 1060. [CrossRef]

Maglennon, G.A.; Mclntosh, P.B.; Doorbar, J. Immunosuppression Facilitates the Reactivation of Latent Papillomavirus Infections.
J. Virol. 2014, 88, 710-716. [CrossRef]

Jamshidi, M.; Shekari, M.; Nejatizadeh, A.A.; Malekzadeh, K.; Baghershiroodi, M.; Davudian, P.; Dehghan, F.; Jamshidi, F. The
impact of human papillomavirus (HPV) types 6, 11 in women with genital warts. Arch. Gynecol. Obstet. 2012, 286, 1261-1267.
[CrossRef]

Patel, H.; Wagner, M.; Singhal, P.; Kothari, S. Systematic review of the incidence and prevalence of genital warts. BMC Infect. Dis.
2013, 13, 39. [CrossRef] [PubMed]

Monsonego, J.; Magdelenat, H.; Catalan, F; Coscas, Y.; Zerat, L.; Sastre, X. Estrogen and progesterone receptors in cervical human
papillomavirus related lesions. Int. J. Cancer 1991, 48, 533-539. [CrossRef] [PubMed]

Ogawa, M.; Hashimoto, K ; Kitano, S.; Yamashita, S.; Toda, A.; Nakamura, K.; Kinose, Y.; Kodama, M.; Sawada, K.; Kimura, T.
Estrogen induces genomic instability in high-risk HPV-infected cervix and promotes the carcinogenesis of cervical adenocarcinoma.
Biochem. Biophys. Res. Commun. 2023, 659, 80-90. [CrossRef]

Dunne, E.F; Park, LU. HPV and HPV-Associated Diseases. Infect. Dis. Clin. North Am. 2013, 27, 765-778. [CrossRef] [PubMed]
Burd, E.M. Human Papillomavirus and Cervical Cancer. Clin. Microbiol. Rev. 2003, 16, 1-17. [CrossRef] [PubMed]

Fortes, H.R.; von Ranke, EM.; Escuissato, D.L.; Neto, C.A.A.; Zanetti, G.; Hochhegger, B.; Souza, C.A.; Marchiori, E. Recurrent
respiratory papillomatosis: A state-of-the-art review. Respir. Med. 2017, 126, 116-121. [CrossRef] [PubMed]

Ouda, A.M.; Elsabagh, A.A.; Elmakaty, LM.; Gupta, I; Vranic, S.; Al-Thawadi, H.; Al Moustafa, A.-E. HPV and Recurrent
Respiratory Papillomatosis: A Brief Review. Life 2021, 11, 1279. [CrossRef] [PubMed]

Mlynarczyk-Bonikowska, B.; Rudnicka, L. HPV Infections—Classification, Pathogenesis, and Potential New Therapies. Int. ]. Mol.
Sci. 2024, 25, 7616. [CrossRef] [PubMed]


https://doi.org/10.1371/journal.ppat.1000524
https://www.ncbi.nlm.nih.gov/pubmed/19629175
https://doi.org/10.1111/j.1600-0854.2011.01320.x
https://doi.org/10.1128/JVI.00057-06
https://www.ncbi.nlm.nih.gov/pubmed/16775357
https://doi.org/10.1128/JVI.00541-11
https://doi.org/10.1073/pnas.0404229101
https://www.ncbi.nlm.nih.gov/pubmed/15383670
https://doi.org/10.1016/j.virol.2013.06.006
https://doi.org/10.1128/JVI.79.5.2839-2846.2005
https://www.ncbi.nlm.nih.gov/pubmed/15709003
https://doi.org/10.1016/j.virol.2013.07.008
https://www.ncbi.nlm.nih.gov/pubmed/24016539
https://doi.org/10.22034/APJCP.2017.18.2.315
https://doi.org/10.3389/fonc.2019.00355
https://www.ncbi.nlm.nih.gov/pubmed/32862567
https://doi.org/10.1371/journal.ppat.1008376
https://doi.org/10.1016/j.cmi.2018.04.019
https://doi.org/10.4274/jtgga.galenos.2019.2019.0051
https://www.ncbi.nlm.nih.gov/pubmed/31564082
https://doi.org/10.1016/j.micres.2024.127857
https://www.ncbi.nlm.nih.gov/pubmed/39121703
https://doi.org/10.1038/s41598-023-41469-8
https://doi.org/10.3390/vaccines11061060
https://doi.org/10.1128/JVI.02589-13
https://doi.org/10.1007/s00404-012-2416-1
https://doi.org/10.1186/1471-2334-13-39
https://www.ncbi.nlm.nih.gov/pubmed/23347441
https://doi.org/10.1002/ijc.2910480410
https://www.ncbi.nlm.nih.gov/pubmed/1646176
https://doi.org/10.1016/j.bbrc.2023.04.009
https://doi.org/10.1016/j.idc.2013.09.001
https://www.ncbi.nlm.nih.gov/pubmed/24275269
https://doi.org/10.1128/CMR.16.1.1-17.2003
https://www.ncbi.nlm.nih.gov/pubmed/12525422
https://doi.org/10.1016/j.rmed.2017.03.030
https://www.ncbi.nlm.nih.gov/pubmed/28427542
https://doi.org/10.3390/life11111279
https://www.ncbi.nlm.nih.gov/pubmed/34833157
https://doi.org/10.3390/ijms25147616
https://www.ncbi.nlm.nih.gov/pubmed/39062859

Curr. Oncol. 2025, 32,122 19 of 22

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Gupta, S.; Kumar, P; Das, B.C. HPV: Molecular pathways and targets. Curr. Probl. Cancer 2018, 42, 161-174. [CrossRef] [PubMed]
Hatterschide, J.; Bohidar, A.E.; Grace, M.; Nulton, T.J.; Kim, H.W.; Windle, B.; Morgan, . M.; Munger, K.; White, E.A. PTPN14
degradation by high-risk human papillomavirus E7 limits keratinocyte differentiation and contributes to HPV-mediated oncogen-
esis. Proc. Natl. Acad. Sci. USA 2019, 116, 7033-7042. [CrossRef] [PubMed]

Gutiérrez-Hoya, A.; Soto-Cruz, I. Role of the JAK/STAT Pathway in Cervical Cancer: Its Relationship with HPV E6/E7
Oncoproteins. Cells 2020, 9, 2297. [CrossRef] [PubMed]

Zhang, L.; Wu, J; Ling, M.T.; Zhao, L.; Zhao, K.-N. The role of the PI3K/Akt/mTOR signalling pathway in human cancers
induced by infection with human papillomaviruses. Mol. Cancer 2015, 14, 87. [CrossRef]

Ye, J.; Zheng, L.; He, Y.; Qi, X. Human papillomavirus associated cervical lesion: Pathogenesis and therapeutic interventions.
Medcomm 2023, 4, €368. [CrossRef] [PubMed]

Roman, B.R.; Aragones, A. Epidemiology and incidence of HPV-related cancers of the head and neck. J. Surg. Oncol. 2021, 124,
920-922. [CrossRef]

Vallejo-Ruiz, V.; Gutiérrez-Xicotencatl, L.; Medina-Contreras, O.; Lizano, M. Ver Molecular aspects of cervical cancer: A
pathogenesis update. Front. Oncol. 2024, 14, 1356581. [CrossRef] [PubMed]

De Martel, C.; Plummer, M.; Vignat, J.; Franceschi, S. Worldwide burden of cancer attributable to HPV by site, country and HPV
type. Int. J. Cancer 2017, 141, 664—670. [CrossRef]

The European Cancer Organisation. Eliminating Cancers & Diseases in Europe; The European Cancer Organisation: Brussels,
Belgium, 2019.

Del Mistro, A.; Frayle, H.; Menegaldo, A.; Favaretto, N.; Gori, S.; Nicolai, P.; Spinato, G.; Romeo, S.; Tirelli, G.; da Mosto, M.C,;
et al. Age-independent increasing prevalence of Human Papillomavirus-driven oropharyngeal carcinomas in North-East Italy.
Sci. Rep. 2020, 10, 9320. [CrossRef] [PubMed]

Tabatabaeian, H.; Bai, Y.; Huang, R.; Chaurasia, A.; Darido, C. Navigating therapeutic strategies: HPV classification in head and
neck cancer. Br. . Cancer 2024, 131, 220-230. [CrossRef] [PubMed]

Libera, L.S.D.; de Carvalho, K.P.A.; Ramos, J.E.P,; Cabral, L.A.O.; Alencar, R.d.C.G.d.; Villa, L.L.; Alves, R.R.F,; Santos, S.H.R.;
Carneiro, M.A.d.S.; Saddi, V.A. Human Papillomavirus and Anal Cancer: Prevalence, Genotype Distribution, and Prognosis
Aspects from Midwestern Region of Brazil. J. Oncol. 2019, 2019, 6018269. [CrossRef]

Hernandez, A.L.; Hilton, J.ED.; Weatherly, C.S.D.; Berry-Lawhorn, ].M.; Jay, N.N.; Brickman, C.; Wang, C.-C.J.; Kauffman, J.;
Calderon, J.; Farhat, S.; et al. Prevalence of Anal Human Papillomavirus Infection and Anal High-Grade Squamous Intraepithelial
Lesions Among Men Who Have Sex With Men 50 Years and Older Living With or Without HIV. Am. ]. Ther. 2024, 96, 439-446.
[CrossRef]

Machalek, D.A.; Poynten, M.; Jin, F,; Fairley, C.K.; Farnsworth, A.; Garland, S.M.; Hillman, R.J.; Petoumenos, K.; Roberts, J.;
Tabrizi, S.N.; et al. Anal human papillomavirus infection and associated neoplastic lesions in men who have sex with men: A
systematic review and meta-analysis. Lancet Oncol. 2012, 13, 487-500. [CrossRef]

Glenn, WK; Ngan, C.C.; Amos, T.G.; Edwards, R.J.; Swift, ].; Lutze-Mann, L.; Shang, F.; Whitaker, N.J.; Lawson, ]J.S. High risk
human papilloma viruses (HPVs) are present in benign prostate tissues before development of HPV associated prostate cancer.
Infect. Agents Cancer 2017, 12, 46. [CrossRef] [PubMed]

Lawson, ].S.; Glenn, W.K. Evidence for a causal role by human papillomaviruses in prostate cancer—A systematic review. Infect.
Agents Cancer 2020, 15, 41. [CrossRef]

Available online: https://www.who.int/news/item/20-12-2022-WHO-updates-recommendations-on-HPV-vaccination-
schedule (accessed on 26 November 2024).

Available online: https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/human-
papillomavirus-(hpv)/hpv-background-document--report-march-2022.pdf?sfvrsn=b600e252_1 (accessed on 26 November 2024).
Available online: https://iris.who.int/bitstream /handle/10665/365350/WER9750-eng-fre.pdf?sequence=1 (accessed on 26
November 2024).

WHO Position Paper (2022 Update). 2022. Available online: https://www.hpvcenter.se/human_reference_clones/ (accessed on
5 January 2025).

Available online: https:/ /cdn.who.int/media/docs/default-source /reproductive-health /sage_april2022meetinghighlights_11
apr2022_final.pdf?sfvrsn=21bcfb4f 3 (accessed on 26 November 2024).

Staadegaard, L.; Ronn, M.M.; Soni, N.; Bellerose, M.E.; Bloem, P.; Brisson, M.; Maheu-Giroux, M.; Barnabas, R.V.; Drolet, M.;
Mayaud, P; et al. Immunogenicity, safety, and efficacy of the HPV vaccines among people living with HIV: A systematic review
and meta-analysis. EClinicalMedicine 2022, 52, 101585. [CrossRef] [PubMed]

Available online: https:/ /www.who.int/news/item/04-10-2024-who-adds-an-hpv-vaccine-for-single-dose-use (accessed on
26 November 2024).

Wang, Q.; Zhang, W.; Cai, H.; Cao, Y. Understanding the perceptions of Chinese women of the commercially available domestic
and imported HPV vaccine: A semantic network analysis. Vaccine 2020, 38, 8334-8342. [CrossRef]


https://doi.org/10.1016/j.currproblcancer.2018.03.003
https://www.ncbi.nlm.nih.gov/pubmed/29706467
https://doi.org/10.1073/pnas.1819534116
https://www.ncbi.nlm.nih.gov/pubmed/30894485
https://doi.org/10.3390/cells9102297
https://www.ncbi.nlm.nih.gov/pubmed/33076315
https://doi.org/10.1186/s12943-015-0361-x
https://doi.org/10.1002/mco2.368
https://www.ncbi.nlm.nih.gov/pubmed/37719443
https://doi.org/10.1002/jso.26687
https://doi.org/10.3389/fonc.2024.1356581
https://www.ncbi.nlm.nih.gov/pubmed/38567159
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1038/s41598-020-66323-z
https://www.ncbi.nlm.nih.gov/pubmed/32518378
https://doi.org/10.1038/s41416-024-02655-1
https://www.ncbi.nlm.nih.gov/pubmed/38643337
https://doi.org/10.1155/2019/6018269
https://doi.org/10.1097/QAI.0000000000003450
https://doi.org/10.1016/S1470-2045(12)70080-3
https://doi.org/10.1186/s13027-017-0157-2
https://www.ncbi.nlm.nih.gov/pubmed/28811834
https://doi.org/10.1186/s13027-020-00305-8
https://www.who.int/news/item/20-12-2022-WHO-updates-recommendations-on-HPV-vaccination-schedule
https://www.who.int/news/item/20-12-2022-WHO-updates-recommendations-on-HPV-vaccination-schedule
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/human-papillomavirus-(hpv)/hpv-background-document--report-march-2022.pdf?sfvrsn=b600e252_1
https://cdn.who.int/media/docs/default-source/immunization/position_paper_documents/human-papillomavirus-(hpv)/hpv-background-document--report-march-2022.pdf?sfvrsn=b600e252_1
https://iris.who.int/bitstream/handle/10665/365350/WER9750-eng-fre.pdf?sequence=1
https://www.hpvcenter.se/human_reference_clones/
https://cdn.who.int/media/docs/default-source/reproductive-health/sage_april2022meetinghighlights_11apr2022_final.pdf?sfvrsn=21bcfb4f_3
https://cdn.who.int/media/docs/default-source/reproductive-health/sage_april2022meetinghighlights_11apr2022_final.pdf?sfvrsn=21bcfb4f_3
https://doi.org/10.1016/j.eclinm.2022.101585
https://www.ncbi.nlm.nih.gov/pubmed/35936024
https://www.who.int/news/item/04-10-2024-who-adds-an-hpv-vaccine-for-single-dose-use
https://doi.org/10.1016/j.vaccine.2020.11.016

Curr. Oncol. 2025, 32,122 20 of 22

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Zaman, K.; Schuind, A.E.; Adjei, S.; Antony, K.; Aponte, ].].; Buabeng, P.B.; Qadri, F.; Kemp, T.J.; Hossain, L.; Pinto, L.A.; et al.
Safety and immunogenicity of Innovax bivalent human papillomavirus vaccine in girls 9-14 years of age: Interim analysis from a
phase 3 clinical trial. Vaccine 2024, 42, 2290-2298. [CrossRef] [PubMed]

Hu, Y.-M,; Bi, Z.-F; Zheng, Y.; Zhang, L.; Zheng, E-Z.; Chu, K; Li, Y.-F; Chen, Q.; Quan, J.-L.; Hu, X.-W,; et al. Immunogenicity
and safety of an Escherichia coli-produced human papillomavirus (types 6/11/16/18/31/33/45/52/58) L1 virus-like-particle
vaccine: A phase 2 double-blind, randomized, controlled trial. Sci. Bull. 2023, 68, 2448-2455. [CrossRef] [PubMed]

Lin, R; Jin, H.; Fu, X. Comparative efficacy of human papillomavirus vaccines: Systematic review and network meta-analysis.
Expert Rev. Vaccines 2023, 22, 1168-1178. [CrossRef] [PubMed]

Li, J.; Shi, L.-W.; Li, K.;; Huang, L.-R; Li, J.-B.; Dong, Y.-L.; Li, W,; Ji, M.;; Yang, Q.; Zhou, L.-Y.; et al. Comparison of the safety and
persistence of immunogenicity of bivalent HPV16/18 vaccine in healthy 9-14-year-old and 18-26-year-old Chinese females: A
randomized, double-blind, non-inferiority clinical trial. Vaccine 2023, 41, 7212-7219. [CrossRef] [PubMed]

Available online: https:/ /www.gov.pl/web/zdrowie/hpv (accessed on 26 November 2024).

Available online: https:/ /szczepienia.pzh.gov.pl/dla-lekarzy /szczepienia-hpv/schematy-szczepien-przeciw-hpv/ (accessed on
26 November 2024).

Smolarczyk, K.; Duszewska, A.; Drozd, S.; Majewski, S. Parents” Knowledge and Attitude towards HPV and HPV Vaccination in
Poland. Vaccines 2022, 10, 228. [CrossRef] [PubMed]

Drejza, M.; Rylewicz, K.; Lewandowska, M.; Gross-Tyrkin, K.; Lopinski, G.; Barwiniska, J.; Majcherek, E.; Szymus, K.; Klein, P;
Plagens-Rotman, K.; et al. HPV Vaccination among Polish Adolescents—Results from POLKA 18 Study. Healthcare 2022, 10, 2385.
[CrossRef]

Jankowski, M.; Grudziaz-Sekowska, J.; Wrzesniewska-Wal, L.; Tyszko, P.; Sekowski, K.; Ostrowski, J.; Gujski, M.; Pinkas, J.
National HPV Vaccination Program in Poland—Public Awareness, Sources of Knowledge, and Willingness to Vaccinate Children
against HPV. Vaccines 2023, 11, 1371. [CrossRef]

Lofters, A.; Vahabi, M. Self-sampling for HPV to enhance uptake of cervical cancer screening: Has the time come in Canada? Can.
Med. Assoc. . 2016, 188, 853-854. [CrossRef]

Snijders, PJ.; Verhoef, VM.; Arbyn, M.; Ogilvie, G.; Minozzi, S.; Banzi, R.; van Kemenade, E]J.; Heideman, D.A.; Meijer, C.J.
High-risk HPV testing on self-sampled versus clinician-collected specimens: A review on the clinical accuracy and impact on
population attendance in cervical cancer screening. Int. J. Cancer 2012, 132, 2223-2236. [CrossRef] [PubMed]

Ronco, G,; Dillner, J.; Elfstrom, K.M.; Tunesi, S.; Snijders, P].F.; Arbyn, M.; Kitchener, H.; Segnan, N.; Gilham, C.; Giorgi-Rossi,
P; et al. Efficacy of HPV-based screening for prevention of invasive cervical cancer: Follow-up of four European randomised
controlled trials. Lancet 2014, 383, 524-532. [CrossRef]

Verdoodt, F; Jentschke, M.; Hillemanns, P.; Racey, C.; Snijders, P.; Arbyn, M. Reaching women who do not participate in the
regular cervical cancer screening programme by offering self-sampling kits: A systematic review and meta-analysis of randomised
trials. Eur. J. Cancer 2015, 51, 2375-2385. [CrossRef] [PubMed]

Nishimura, H.; Yeh, PT.; Oguntade, H.; Kennedy, C.E.; Narasimhan, M. HPV self-sampling for cervical cancer screening: A
systematic review of values and preferences. BM] Glob. Health 2021, 6, e003743. [CrossRef] [PubMed]

Agencja Oceny Technologii Medycznych i Taryfikacji Wydziat Swiadczen Opieki Zdrowotnej, “Test HPV HR z genotypowaniem
hrHPVobejmujacym co najmniej typy 16 i 18”Ocena Zasadnoéci Zakwalifikowania Swiadczeniagwarantowanego z Zakresu
Programéw Zdrowotnychw Programie Profilaktyki Raka Szyjki Macicy. 2024. Available online: https:/ /bip.aotm.gov.pl/zlecenia-
mz-2024/1033-materialy-2024 /8793-218-2024-zlc (accessed on 5 January 2025).

Polskie Towarzystwo Ginekologiczne. Wytyczne dotyczace aplikacji testbwmolekularnych identyfikujacych DNA HPVHR w
profilaktyce raka szyjki macicy. Stanow. Ekspertéw PTG I KIDL Ginekol Pol. 2013, 84, 395-399.

Trzeszcz, M.; Mazurec, M.; Jach, R.; Mazurec, K.; Jach, Z.; Kotkowska-Szeps, I.; Kania, M.; Wantuchowicz, M.; Prokopyk,
A.; Barcikowski, P.; et al. Liquid-based screening tests results: Hpv, liquid-based cytology, and p16/ki67 dual-staining in
private-based opportunistic cervical cancer screening. Diagnostics 2021, 11, 1420. [CrossRef]

Michalek, I.M.; Manczuk, M.; dos Santos, EL.C.; Macios, A.; Didkowska, J.; Nowakowski, A. Self-reported participation in
cervical cancer screening among Polish women in 2004-2019. Ginekol. Polska 2023, 95, 335-342. [CrossRef] [PubMed]

Available online: https://www.nfz.gov.pl/aktualnosci/aktualnosci-centrali/mammografia-i-cytologia-wazne-zmiany-w-
programach-profilaktycznych-na-nfz,8497 . html (accessed on 26 November 2024).

Swiderska-Kiec, J.; Czajkowski, K.; Zareba-Szczudlik, J.; Kacperczyk-Bartnik, J.; Bartnik, P.; Romejko-Wolniewicz, E. Comparison
of HPV testing and colposcopy in detecting cervical dysplasia in patients with cytological abnormalities. Vivo 2020, 34, 1307-1315.
[CrossRef]

Jach, R.; Mazurec, M.; Nowakowski, A. 110 COLPOSCOPY 2020: POLISH COLPOSCOPIC TERMINOLOGY Based on IFCPC
2011 Nomenclature Summary of the Clinical Experts Consensus Recommendations of the Polish Society of Gynecologists and
Obstetricians and the Polish Society of Colposcopy and Cervical Patho. n.d. Available online: https:/ /journals.viamedica.pl/
ginekologia_perinatologia_prakt/article/view /68855/55118 (accessed on 5 January 2025).


https://doi.org/10.1016/j.vaccine.2024.02.077
https://www.ncbi.nlm.nih.gov/pubmed/38431444
https://doi.org/10.1016/j.scib.2023.09.020
https://www.ncbi.nlm.nih.gov/pubmed/37743201
https://doi.org/10.1080/14760584.2023.2287135
https://www.ncbi.nlm.nih.gov/pubmed/37990881
https://doi.org/10.1016/j.vaccine.2023.10.041
https://www.ncbi.nlm.nih.gov/pubmed/39492306
https://www.gov.pl/web/zdrowie/hpv
https://szczepienia.pzh.gov.pl/dla-lekarzy/szczepienia-hpv/schematy-szczepien-przeciw-hpv/
https://doi.org/10.3390/vaccines10020228
https://www.ncbi.nlm.nih.gov/pubmed/35214686
https://doi.org/10.3390/healthcare10122385
https://doi.org/10.3390/vaccines11081371
https://doi.org/10.1503/cmaj.151345
https://doi.org/10.1002/ijc.27790
https://www.ncbi.nlm.nih.gov/pubmed/22907569
https://doi.org/10.1016/S0140-6736(13)62218-7
https://doi.org/10.1016/j.ejca.2015.07.006
https://www.ncbi.nlm.nih.gov/pubmed/26296294
https://doi.org/10.1136/bmjgh-2020-003743
https://www.ncbi.nlm.nih.gov/pubmed/34011537
https://bip.aotm.gov.pl/zlecenia-mz-2024/1033-materialy-2024/8793-218-2024-zlc
https://bip.aotm.gov.pl/zlecenia-mz-2024/1033-materialy-2024/8793-218-2024-zlc
https://doi.org/10.3390/diagnostics11081420
https://doi.org/10.5603/gpl.96634
https://www.ncbi.nlm.nih.gov/pubmed/38099666
https://www.nfz.gov.pl/aktualnosci/aktualnosci-centrali/mammografia-i-cytologia-wazne-zmiany-w-programach-profilaktycznych-na-nfz,8497.html
https://www.nfz.gov.pl/aktualnosci/aktualnosci-centrali/mammografia-i-cytologia-wazne-zmiany-w-programach-profilaktycznych-na-nfz,8497.html
https://doi.org/10.21873/invivo.11906
https://journals.viamedica.pl/ginekologia_perinatologia_prakt/article/view/68855/55118
https://journals.viamedica.pl/ginekologia_perinatologia_prakt/article/view/68855/55118

Curr. Oncol. 2025, 32,122 21 of 22

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

Abu-Rustum, N.R,; Yashar, C.M.; Arend, R.; Barber, E.; Bradley, K.; Brooks, R.; Campos, S.M.; Chino, J.; Chon, H.S.; Crispens,
M.A.; et al. NCCN Guidelines® Insights: Cervical Cancer, Version 1.2024. ]. Natl. Compr. Cancer Netw. 2023, 21, 1224-1233.
[CrossRef] [PubMed]

Sznurkowski, J.J.; Bodnar, L.; Szylberg, L.; Zotciak-Siwinska, A.; Dariska-Bidziriska, A.; Klasa-Mazurkiewicz, D.; Rychlik, A.;
Kowalik, A.; Streb, J.; Bidzinski, M.; et al. The Polish Society of Gynecological Oncology Guidelines for the Diagnosis and
Treatment of Cervical Cancer (v2024.0). J. Clin. Med. 2024, 13, 4351. [CrossRef] [PubMed]

Marth, C.; Landoni, E; Mahner, S.; McCormack, M.; Gonzalez-Martin, A.; Colombo, N. on behalf of the ESMO Guidelines
Committee. Cervical cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2017, 28,
iv72-iv83. [CrossRef]

Restaino, S.; Pellecchia, G.; Arcieri, M.; Bogani, G.; Taliento, C.; Greco, P; Driul, L.; Chiantera, V.; Ercoli, A.; Fanfani, F;
et al. Management for Cervical Cancer Patients: A Comparison of the Guidelines from the International Scientific Societies
(ESGO-NCCN-ASCO-AIOM-FIGO-BGCS-SEOM-ESMO-JSGO). Cancers 2024, 16, 2541. [CrossRef] [PubMed]

Melamed, A.; Margul, D.J.; Chen, L.; Keating, N.L.; del Carmen, M.G.; Yang, ].; Seagle, B.-L.L.; Alexander, A.; Barber, E.L.; Rice,
L.W,; et al. Survival after Minimally Invasive Radical Hysterectomy for Early-Stage Cervical Cancer. N. Engl. |. Med. 2018, 379,
1905-1914. [CrossRef] [PubMed]

Ramirez, P.T.; Frumovitz, M.; Pareja, R.; Lopez, A.; Vieira, M.; Ribeiro, M.; Buda, A.; Yan, X.; Shuzhong, Y.; Chetty, N.; et al.
Minimally Invasive versus Abdominal Radical Hysterectomy for Cervical Cancer. N. Engl. ]. Med. 2018, 379, 1895-1904. [CrossRef]
[PubMed]

Cibula, D.; Raspollini, M.R.; Planchamp, F.; Centeno, C.; Chargari, C.; Felix, A.; Fischerovd, D.; Jahnn-Kuch, D.; Joly, E; Kohler, C.;
et al. ESGO/ESTRO/ESP Guidelines for the management of patients with cervical cancer—Update 2023*. Int. ]. Gynecol. Cancer
2023, 33, 649-666. [CrossRef] [PubMed]

Plante, M.; Kwon, ].S.; Ferguson, S.; Samouélian, V.; Ferron, G.; Maulard, A.; de Kroon, C.; Van Driel, W,; Tidy, J.; Williamson,
K.; et al. Simple versus Radical Hysterectomy in Women with Low-Risk Cervical Cancer. N. Engl. ]. Med. 2024, 390, 819-829.
[CrossRef]

Viveros-Carrefio, D.; Pareja, R.; Plante, M. De-escalation of surgical radicality for non-fertility preserving management in patients
with early-stage cervical cancer: A systematic review. Int. J. Gynecol. Cancer 2024, 34, 386-392. [CrossRef] [PubMed]

Taliento, C.; Scutiero, G.; Arcieri, M.; Pellecchia, G.; Tius, V.; Bogani, G.; Petrillo, M.; Pavone, M.; Bizzarri, N.; Driul, L.; et al.
Simple hysterectomy versus radical hysterectomy in early-stage cervical cancer: A systematic review and meta-analysis. Eur. J.
Surg. Oncol. (EJSO) 2024, 50, 108252. [CrossRef]

Morris, M.; Eifel, PJ.; Lu, J.; Grigsby, PW.; Levenback, C.; Stevens, R.E.; Rotman, M.; Gershenson, D.M.; Mutch, D.G. Pelvic
radiation with concurrent chemotherapy compared with pelvic and para-aortic radiation for high-risk cervical cancer. N. Engl. .
Med. 1999, 340, 1137-1143. [CrossRef] [PubMed]

Rose, P.G.; Bundy, B.N.; Watkins, E.B.; Thigpen, ].T.; Deppe, G.; Maiman, M.A.; Clarke-Pearson, D.L.; Insalaco, S. Concurrent
cisplatin-based radiotherapy and chemotherapy for locally advanced cervical cancer. N. Engl. J. Med. 1999, 340, 1144-1153.
[CrossRef] [PubMed]

Keys, H.M.; Bundy, B.N.; Stehman, F.B.; Muderspach, L.I,; Chafe, W.E.; Suggs, C.L.; Walker, ].L.; Gersell, D. Cisplatin, radiation,
and adjuvant hysterectomy compared with radiation and adjuvant hysterectomy for bulky stage IB cervical carcinoma. N. Engl. ].
Med. 1999, 340, 1154-1161. [CrossRef]

Whitney, C.W.; Sause, W.; Bundy, B.N.; Malfetano, J.H.; Hannigan, E.V.; Fowler, W.C,, Jr.; Clarke-Pearson, D.L.; Liao, S.-Y.
Randomized comparison of fluorouracil plus cisplatin versus hydroxyurea as an adjunct to radiation therapy in stage IIB-IVA
carcinoma of the cervix with negative para-aortic lymph nodes: A Gynecologic Oncology Group and Southwest Oncology Group
study. J. Clin. Oncol. 1999, 17, 1339. [CrossRef]

Peters, WA, III; Liu, PY.; Barrett, R.]J., II; Stock, R.J.; Monk, B.J.; Berek, ]J.S.; Souhami, L.; Grigsby, P.; Gordon, W., Jr.; Alberts, D.S.
Concurrent chemotherapy and pelvic radiation therapy compared with pelvic radiation therapy alone as adjuvant therapy after
radical surgery in high-risk early-stage cancer of the cervix. J. Clin. Oncol. 2000, 18, 1606-1613. [CrossRef]

McCormack, M.; Eminowicz, G.; Gallardo, D.; Diez, P,; Farrelly, L.; Kent, C.; Hudson, E.; Panades, M.; Mathew, T.; Anand, A.;
et al. Induction chemotherapy followed by standard chemoradiotherapy versus standard chemoradiotherapy alone in patients
with locally advanced cervical cancer (GCIG INTERLACE): An international, multicentre, randomised phase 3 trial. Lancet 2024,
404, 1525-1535. [CrossRef] [PubMed]

Mileshkin, L.R.; Moore, K.N.; Barnes, E.H.; Gebski, V.; Narayan, K; King, M.T.; Bradshaw, N.; Lee, Y.C.; Diamante, K.; Fyles,
A.W,; et al. Adjuvant chemotherapy following chemoradiotherapy as primary treatment for locally advanced cervical cancer
versus chemoradiotherapy alone (OUTBACK): An international, open-label, randomised, phase 3 trial. Lancet Oncol. 2023, 24,
468-482. [CrossRef]


https://doi.org/10.6004/jnccn.2023.0062
https://www.ncbi.nlm.nih.gov/pubmed/38081139
https://doi.org/10.3390/jcm13154351
https://www.ncbi.nlm.nih.gov/pubmed/39124620
https://doi.org/10.1093/annonc/mdx220
https://doi.org/10.3390/cancers16142541
https://www.ncbi.nlm.nih.gov/pubmed/39061181
https://doi.org/10.1056/NEJMoa1804923
https://www.ncbi.nlm.nih.gov/pubmed/30379613
https://doi.org/10.1056/NEJMoa1806395
https://www.ncbi.nlm.nih.gov/pubmed/30380365
https://doi.org/10.1136/ijgc-2023-004429
https://www.ncbi.nlm.nih.gov/pubmed/37127326
https://doi.org/10.1056/NEJMoa2308900
https://doi.org/10.1136/ijgc-2023-004593
https://www.ncbi.nlm.nih.gov/pubmed/38438182
https://doi.org/10.1016/j.ejso.2024.108252
https://doi.org/10.1056/NEJM199904153401501
https://www.ncbi.nlm.nih.gov/pubmed/10202164
https://doi.org/10.1056/NEJM199904153401502
https://www.ncbi.nlm.nih.gov/pubmed/10202165
https://doi.org/10.1056/NEJM199904153401503
https://doi.org/10.1200/JCO.1999.17.5.1339
https://doi.org/10.1200/JCO.2000.18.8.1606
https://doi.org/10.1016/S0140-6736(24)01438-7
https://www.ncbi.nlm.nih.gov/pubmed/39419054
https://doi.org/10.1016/S1470-2045(23)00147-X

Curr. Oncol. 2025, 32,122 22 of 22

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Lorusso, D.; Xiang, Y.; Hasegawa, K.; Scambia, G.; Leiva, M.; Ramos-Elias, P.; Acevedo, A.; Sukhin, V.; Cloven, N.; Gomes,
A].Pd.S,; et al. Pembrolizumab or placebo with chemoradiotherapy followed by pembrolizumab or placebo for newly diagnosed,
high-risk, locally advanced cervical cancer (ENGOT-cx11/GOG-3047/KEYNOTE-A18): A randomised, double-blind, phase 3
clinical trial. Lancet 2024, 403, 1341-1350. [CrossRef] [PubMed]

Monk, B.J.; Toita, T.; Wu, X.; Limén, J.C.V,; Tarnawski, R.; Mandai, M.; Shapira-Frommer, R.; Mahantshetty, U.; Estevez-Diz,
M.d.P; Zhou, Q.; et al. Durvalumab versus placebo with chemoradiotherapy for locally advanced cervical cancer (CALLA): A
randomised, double-blind, phase 3 trial. Lancet Oncol. 2023, 24, 1334-1348. [CrossRef] [PubMed]

Ang, D.J.M,; Chan, J.J. Evolving standards and future directions for systemic therapies in cervical cancer. J. Gynecol. Oncol. 2024,
35, e65. [CrossRef]

Monk, B.J.; Colombo, N.; Tewari, K.S.; Dubot, C.; Caceres, M.V.; Hasegawa, K.; Shapira-Frommer, R.; Salman, P,; Yafiez, E.; Giimdtis,
M.; et al. First-Line Pembrolizumab + Chemotherapy Versus Placebo + Chemotherapy for Persistent, Recurrent, or Metastatic
Cervical Cancer: Final Overall Survival Results of KEYNOTE-826. J. Clin. Oncol. 2023, 41, 5505-5511. [CrossRef] [PubMed]
Oaknin, A ; Gladieff, L.; Martinez-Garcfa, J.; Villacampa, G.; Takekuma, M.; De Giorgi, U.; Lindemann, K.; Woelber, L.; Colombo,
N.; Duska, L.; et al. Atezolizumab plus bevacizumab and chemotherapy for metastatic, persistent, or recurrent cervical cancer
(BEATcc): A randomised, open-label, phase 3 trial. Lancet 2023, 403, 31-43. [CrossRef] [PubMed]

Boussios, S.; Seraj, E.; Zarkavelis, G.; Petrakis, D.; Kollas, A.; Kafantari, A.; Assi, A.; Tatsi, K.; Pavlidis, N.; Pentheroudakis, G.
Management of patients with recurrent/advanced cervical cancer beyond first line platinum regimens: Where do we stand? A
literature review. Crit. Rev. Oncol. 2016, 108, 164-174. [CrossRef] [PubMed]

Landoni, F.; Colombo, A.; Milani, R.; Placa, F; Zanagnolo, V.; Mangioni, C. Randomized study between radical surgery and
radiotherapy for the treatment of stage IB-IIA cervical cancer: 20-year update. J. Gynecol. Oncol. 2017, 28, e34. [CrossRef]

Yang, A.; Jeang, J.; Cheng, K.; Cheng, T.; Yang, B.; Wu, T.-C.; Hung, C.-F. Current state in the development of candidate therapeutic
HPYV vaccines. Expert Rev. Vaccines 2016, 15, 989-1007. [CrossRef] [PubMed]

Stevanovi¢, S.; Draper, L.M.; Langhan, M.M.; Campbell, T.E.; Kwong, M.L.; Wunderlich, J.R.; Dudley, M.E.; Yang, ].C.; Sherry,
R.M.; Kammula, U.S; et al. Complete regression of metastatic cervical cancer after treatment with human papillomavirus-targeted
tumor-infiltrating T cells. J. Clin. Oncol. 2015, 33, 1543-1550. [CrossRef] [PubMed]

Vici, P; Pizzuti, L.; Mariani, L.; Zampa, G.; Santini, D.; Di Lauro, L.; Gamucci, T.; Natoli, C.; Marchetti, P.; Barba, M.; et al.
Targeting immune response with therapeutic vaccines in premalignant lesions and cervical cancer: Hope or reality from clinical
studies. Expert Rev. Vaccines 2016, 15, 1327-1336. [CrossRef]

Kim, T.J.; Jin, H.-T.; Hur, S.-Y.; Yang, H.G,; Seon, Y.B.; Hong, S.R.; Lee, C.-W.; Kim, S.; Woo, J.-W.; Park, K.S; et al. Clearance of
persistent HPV infection and cervical lesion by therapeutic DNA vaccine in CIN3 patients. Nat. Commun. 2014, 5, 5317. [CrossRef]
[PubMed]

Zhao, X.; Zhang, Y.; Trejo-Cerro, O.; Kaplan, E.; Li, Z.; Albertsboer, E; El Hammiri, N.; Mariz, FE.C.; Banks, L.; Ottonello, S.; et al.
A safe and potentiated multi-type HPV L2-E7 nanoparticle vaccine with combined prophylactic and therapeutic activity. npj
Vaccines 2024, 9, 119. [CrossRef] [PubMed]

Singini, M.G.; Singh, E.; Bradshaw, D.; Ramaliba, T.; Chen, W.C.; Motlhale, M.; Kamiza, A.B.; de Villiers, C.B.; Muchengeti, M.;
Mathew, C.G.; et al. Usefulness of high-risk HPV early oncoprotein (E6 and E7) serological markers in the detection of cervical
cancer: A systematic review and meta-analysis. ]. Med. Virol. 2022, 95, €27900. [CrossRef]

Downham, L.; Jaafar, I.; Rol, M.L.; Nyaga, V.N,; Valls, J.; Baena, A.; Zhang, L.; Gunter, M.].; Arbyn, M.; Almonte, M. Accuracy of
HPV E6/E7 oncoprotein tests to detect high-grade cervical lesions: A systematic literature review and meta-analysis. Br. J. Cancer
2023, 130, 517-525. [CrossRef]

Cheung, T.H.; Yim, S.F; Yu, M.Y.; Worley, M.].; Fiascone, S.J.; Chiu, RW.; Lo, KW,; Siu, N.S.; Wong, M.C.; Yeung, A.C.; et al.
Liquid biopsy of HPV DNA in cervical cancer. J. Clin. Virol. 2019, 114, 32-36. [CrossRef] [PubMed]

Rungkamoltip, P; Temisak, S.; Piboonprai, K.; Japrung, D.; Thangsunan, P.; Chanpanitkitchot, S.; Chaowawanit, W.; Chandeying,
N.; Tangjitgamol, S.; Ilempridee, T. Rapid and ultrasensitive detection of circulating human papillomavirus E7 cell-free DNA as a
cervical cancer biomarker. Exp. Biol. Med. 2020, 246, 654—666. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S0140-6736(24)00317-9
https://www.ncbi.nlm.nih.gov/pubmed/38521086
https://doi.org/10.1016/S1470-2045(23)00479-5
https://www.ncbi.nlm.nih.gov/pubmed/38039991
https://doi.org/10.3802/jgo.2024.35.e65
https://doi.org/10.1200/JCO.23.00914
https://www.ncbi.nlm.nih.gov/pubmed/37910822
https://doi.org/10.1016/S0140-6736(23)02405-4
https://www.ncbi.nlm.nih.gov/pubmed/38048793
https://doi.org/10.1016/j.critrevonc.2016.11.006
https://www.ncbi.nlm.nih.gov/pubmed/27931835
https://doi.org/10.3802/jgo.2017.28.e34
https://doi.org/10.1586/14760584.2016.1157477
https://www.ncbi.nlm.nih.gov/pubmed/26901118
https://doi.org/10.1200/JCO.2014.58.9093
https://www.ncbi.nlm.nih.gov/pubmed/25823737
https://doi.org/10.1080/14760584.2016.1176533
https://doi.org/10.1038/ncomms6317
https://www.ncbi.nlm.nih.gov/pubmed/25354725
https://doi.org/10.1038/s41541-024-00914-z
https://www.ncbi.nlm.nih.gov/pubmed/38926425
https://doi.org/10.1002/jmv.27900
https://doi.org/10.1038/s41416-023-02490-w
https://doi.org/10.1016/j.jcv.2019.03.005
https://www.ncbi.nlm.nih.gov/pubmed/30913520
https://doi.org/10.1177/1535370220978899
https://www.ncbi.nlm.nih.gov/pubmed/33307803

	Introduction 
	Epidemiology 
	Classification of HPV Viruses 
	Risk Factors 
	Pathogenesis and Symptoms of Infection 
	HPV-Related Cancers: Pathogenesis and Epidemiology 
	World Health Organization Guidelines—HPV Vaccine 
	World Health Organization—HPV Vaccine News 2024 
	The HPV Vaccination Strategy: The Example of Poland 
	Self-Sampling for HPV Testing 
	Screening Tests in the Diagnosis of HPV Infections 
	The Role of Colposcopy in Cervical Cancer Screening—New Polish Recommendations 
	Treatment of HPV-Related Cervical Cancer 
	Early-Stage Cervical Cancer (FIGO IA–IIA) 
	Locally Advanced Cervical Cancer–LACC (FIGO IIB–IVA) 
	Recurrent or Metastatic Cervical Cancer (FIGO IVB) 

	Future Directions 
	Therapeutic Vaccine 
	Oncoproteins E6 and E7 Antibodies as Serological Markers 
	Circulating Cell-Free DNA (cfDNA) 

	Conclusions 
	References

