“l
¢ 1ICMCR
' & pen Access

ISSN 2692-5877
DOI: 10.46998/1JCMCR.2024.42.001047

International Journal of

Clinical Studies & Medical Case Reports

Mini Review
The Effectiveness of HPV Vaccination Programs in Reducing the Incidence of
Cervical Cancer: A Literature Review

Asma Marwan Al-Rawi* and Laila Yahya Al-Hubaishi?
!OBGYN PGY-1 at Dubai Health, United Arab Emirates (UAE)
2Consultant Obgyn at Dubai Health, United Arab Emirates (UAE)

*Corresponding authors: Asma Marwan Al-Rawi, OBGYN PGY-1 at Dubai Health, United Arab Emirates (UAE)

Received: July 17, 2024 Published: October 14, 2024

(Abstract \

Cervical cancer is caused by the HPV virus in a sexually active person. Cervical cancer staging is the most prognostic factor,
followed by nodal status, tumor volume, depth of cervical stromal invasion, and lymph vascular space invasion. HPV infection
is associated with most cervical cancer cases, with HPV-16 and -18 identified as the most carcinogenic subtypes, accounting
for over 50% and 10% of cases, respectively. Cervical cancer staging is the most prognostic factor, followed by nodal status,
tumor volume, depth of cervical stromal invasion, and lymph vascular space invasion. Most types of cancer have stages II'V.
However, there are some types of cancer, including cervical cancer, which has stages 0 to IV. Key prevention initiatives in-
clude completing the recommended vaccination series, standardized screening, and education about contributing factors to
encourage avoidance of associated risks. Multiple studies have demonstrated that all three vaccines exhibit excellent safety
and tolerance in different age groups. A 10-year follow-up study showed that Gardasil is immunogenic, clinically effective, and
generally well-tolerated in preadolescents and adolescents. Furthermore, cervix and Gardasil 9 demonstrate great tolerance and
antibody sustenance after vaccination for up to 9.4 years and 6 years, respectively. Headache and fatigue are the most common
Cervarix-related systemic AE. Gardasil and Gardasil 9 recipients may also have general symptoms, but no increased risk of

Cystemic symptoms was evident in their recipients.

J

Cervical Cancer

Introduction

Cancer of the cervix is predominantly caused by persistent hu-
man papillomavirus (HPV) infections [1]. Out of 200 identi-
fied HPV types, 12 have been designated as carcinogenic by
the International Agency for Research on Cancer, with HPV-16
accounting for 50% and HPV-18 accounting for 10% of cervi-
cal cancer cases, respectively [2]. Infection with one of these
two strains of HPV accounts for a 435-fold and 248-fold in-
crease in cancer risk, respectively, as compared with an unin-
fected individual [3]. Persistent viral infection with high-risk
HPV genotypes is the causative agent and can be detected in
99.7 % of patients with cervical cancer worldwide [4].

HPV infection is sexually transmitted and roughly 80% of
women will be infected at some point in their lifetime, many
by the age of 45. HPV infection is often contracted during ado-
lescence and early adulthood and because the infection is as-
ymptomatic it may take 10 to 15 years to manifest changes in
the cervix [5]. Since the introduction of HPV vaccines, cervical
cancer rates have decreased by 1% to 1.9% annually [3].

Incidence and Mortality

Cervical cancer is the third leading malignancy among women
after breast and colorectal cancers worldwide, with 569,000
new cases each year [6]. Over 13.000 new cases and 4,100

cervical cancer deaths are estimated to occur in 2018. Cervical
cancer occurs at disproportionately higher rates in less devel-
oped countries, likely because of reduced access to screening
and the high cost of HPV vaccines [7]. HPV infection is as-
sociated with most cervical cancer cases, with HPV-16 and -18
identified as the most carcinogenic subtypes, accounting for
over 50% and 10% of cases, respectively [8].

Additional subtypes have been identified, though less frequent-
ly, in cervical cancer cases. These include HPV-31, -33, and
-45, each associated with approximately 5% of cases, HPV-52
with 3%, and HPV-35 and-58 each with 2% [3]. It is important
to note that, while rare, HPV-negative cases have been identi-
fied; in one study such cases were associated with adenocarci-
nomas, advanced stage presentation, and poorer disease-free
survival when compared with HPV-positive cases [9].

Risk Factors

Risk factors of cervical cancer include both behavioral and
infectious contributors [10]. Behavioral contributors include
sexual activity and lifestyle factors (Table 1). Cervical cancer
is caused by the HPV virus in a sexually active person. It is
not transmitted genetically, and diet has no role in preventing
cervical cancer. The age of first sexual intercourse increases
the risk for cervical cancer, with the first sexual encounter at a
younger age or proximity to menarche increasing the risk [11].
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Criteria of Diagnosis

. Clinical Presentation

While early-stage cervical cancer is often asymptomatic, the
most common symptoms at presentation are irregular or heavy
vaginal bleeding, particularly following intercourse [12].
Some women may present with a vaginal discharge that may
be watery, mucoid, or purulent and malodorous. For advanced
disease, patients may present with pelvic or lower back pain
that may radiate along the posterior side of the lower extremi-
ties [3].

. Physical Examination

A pelvic examination should be performed in women with
symptoms suspicious of cervical cancer [13]. Speculum exam-
ination may reveal a normal cervix or a visible lesion. Large tu-

mors may appear to replace the cervix entirely. Any question-
able lesion should be biopsied. A thorough pelvic examination
includes a rectovaginal examination to assess the tumor size
and vaginal or parametrial involvement [14]. Cervical cancer
is diagnosed based on the histologic evaluation of a cervical bi-
opsy. The two most common histopathologic types of cervical
cancer include squamous cell carcinoma (up to 85% of cases)
and adenocarcinoma (up to 25%), including adenosquamous,
and another histologist (6%) [15]. Additional yet uncommon
histologists include small cell or neuroendocrine, clear cell,
and serous papillary. Nonsquamous presentations are associ-
ated with a poorer prognosis [3].

Cervical Cancer Staging

Cervical cancer staging is the most prognostic factor, followed
by nodal status, tumor volume, depth of cervical stromal inva-
sion, and lymph vascular space invasion [16]. The prognosis
is worse for women with involved pelvic or para-aortic nodes.
The International Federation of Gynecology and Obstetrics is
the most used staging for cervical cancer (Table 2), [17].
Most types of cancer have stages IIV. However, there are some
types of cancer, including cervical cancer, which has stage 0
to IV [3]. Stage 0: when abnormal cells are found in the in-
ner lining of the cervix. Stage 0 is also called carcinoma in
situ; Stage I: when the cancer is confined in the cervix only;
Stage I1: when cancer has spread beyond the cervix but has not
spread to the pelvic wall or the lower third of the vagina; Stage
III: when cancer has spread to the lower third of the vagina
and/ or may have spread to the pelvic wall, and/or has caused
kidney injury; Stage IV: when cancer has spread to the bladder,
rectum, or other parts of the body [18].

Table 2: International Federation of Gynecology and Obstetrics (FIGO) Staging.

FIGO Stages [Definition

0 Abnormal cells are found in the inner lining of the cervix. These abnormal cells may become cancerous
and spread to nearby normal tissue. Stage 0 is called carcinoma in situ (CIS).

1 Cervical carcinoma confined to the cervix (extension to corpus should be disregarded)

A Invasive carcinoma is diagnosed only by microscopy, with a maximum depth of invasion <5 mm.
Measured stromal invasion <3 Mm or less in-depth.

IA1 Measured stromal invasion more than >3 mm and <5 mm in depth.

1A2 Clinically visible lesion confined to the cervix or microscopic lesion greater than [A2

IB Invasive carcinoma >5 mm depth of stromal invasion and <2 c¢m in greatest dimension

IB1 Invasive carcinoma >cm and <4cm in greatest dimension.

1B2 Invasive carcinoma >4 c¢m in greatest dimension

I1B3 Cervical carcinoma invades beyond the uterus but not to pelvic wall or to lower third of vagina

11 Tumor without parametrial invasion or involvement of the lower one-third of the vagina

A Clinically visible lesion <4 cm in greatest dimension with involvement of less than the upper two-thirds
of the vagina

I Clinically visible lesion more than >4cm in greatest dimension with involvement of less than the upper|
two-thirds of the vagina

11A1 Tumor with parametrial invasion but not up to the pelvic wall
Tumor extends to the pelvic wall and/or involves the lower third of the vagina, and/or causes hydrone-

11A2 . . . . . .
phrosis or nonfunctioning kidney, and/or involves pelvic and/or para-aortic lymph nodes

11B Tumor involves the lower third of the vagina, with no extension to the pelvic wall

111 Tumor extends to the pelvic wall and/or causes hydronephrosis or nonfunctioning kidney

I1ITA Tumor involves pelvic and/or para-aortic lymph nodes, irrespective of tumor size and extent

I11B Tumor invades mucosa of bladder or rectum (biopsy proven), and/or extends beyond true pelvis.

111C The tumor has spread to adjacent pelvic organs.

v

IVA The tumor has spread to distant organs

IVB
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Treatment Options

. Surgical Treatment

Surgery is part of the treatment for many cases of cervical can-
cer [19]. For small precancerous lesions (carcinoma in situ)
or cervical cancer contained in the cervix (stage I), cryosur-
gery (cryotherapy), laser surgery, loop electrosurgical excision
procedure, conization, hysterectomy, and bilateral salpingo-
oophorectomy may be used [20]. For larger cervical cancer le-
sions (usually up to 45 cm in width), trachelectomy (a fertility-
sparing procedure) and radical hysterectomy may be used [21].
These surgeries can be performed with a laparoscope, using
a robotic machine, or with a larger abdominal incision (lapa-
rotomy), [22].

. Radiation

For very large lesions (larger than 4 cm) or metastatic cervical
cancer, radiation with concurrent chemotherapy is usually the
standard of care for primary treatment [23]. The type of che-
motherapy used will be discussed in the next section. Radia-
tion therapy may be used instead of surgery, or as an adjuvant
therapy following surgery [24]. Three types of RT may be used
to treat cervical cancer: external RT, including intensity-mod-
ulated radiotherapy (IMRT), and internal RT (brachytherapy),
[25].

. Chemotherapy

Chemotherapy has typically been used for advanced or recur-
rent diseases that can no longer be treated or managed by sur-
gery or RT [26]. Today, chemotherapy has taken a much bigger
role as part of definitive treatment for cervical cancer [27]. For
newly diagnosed cervical cancer stage I-IB2 or higher, Cisplat-
in or Cisplatin in combination with Fluorouracil chemotherapy
can be given along with RT as a radiosensitizer to help the
radiation work better [20]. Among the chemotherapy agents,
Cisplatin, Paclitaxel, and Carboplatin have shown the most
consistent activity as single agents [28].

. Immunotherapy

Immunotherapy uses medicines that stimulate the one’s own
immune system to recognize and destroy cancer cells [29].
An important part of the immune system is its ability to use
molecules, also known as “checkpoints,” to turn on (or off) to
activate an immune response [30]. Cancer cells often use these
checkpoints to avoid being attacked by the immune system;
however, newer drugs have been able to target these check-
points to help fight cancer [3].

Prevention

Cervical cancer is a highly preventable disease with declin-
ing incidence because of effective screening and vaccination
to prevent the most carcinogenic strains of HPV [10]. Key pre-
vention initiatives include completing the recommended vac-
cination series, standardized screening, and education about
contributing factors to encourage avoidance of associated
risks. Condom use is reported as approximately 70% effective
in reducing the transmission of HPV [3].

. Cervical Screening

Regardless of vaccination status, consistent cervical cancer
screening is recommended beginning at age 21 in the US [31].
Papanicolaou cytology (Pap) tests are the current standard for
screening. Starting at age 30, women should undergo a good
women/pelvic exam annually, Pap test every 3 years, with
HPV co-testing every 5 years until age 65. Women who are at
high risk of cervical cancer should be tested often as per the
recommendation of the healthcare team [32]. The Pap smear
has a sensitivity of 55.4% and HPV co-testing has a sensitivity
of 94.6% [33]. In addition to the cytology testing provided by

Pap tests, HPV assays have also been indicated as sensitive,
particularly in the evaluation of high-risk strains and detection
of cervical intraepithelial neoplasia 2+ and 3+ [34].

. HPYV Vaccination

A 9-valent HPV vaccine (Gardasil9) covering HPV strains 6,
11, 16, 18, 31, 33, 45, 52, and 58, received US Food and Drug
Administration approval in December 2014 and is now the
only available HPV vaccine in the United States (US) [35].
HPV vaccination is recommended to start at age 11 or 12 years
but may be administered as early as age 9, and through age
26 if not previously vaccinated [36]. The vaccine may be ad-
ministered in two doses to individuals who receive them 6 to
12 months apart before their 15th birthday [37], or in three
doses for individuals beginning the series at 15 years of age or
older, for immune-compromised individuals aged 9 to 26, or
for those who receive the doses less than 5 months apart [3].

Human Papillomavirus (HPV)

Introduction

Human papillomavirus (HPV), one of the most common sexu-
ally transmitted viral infections worldwide, is the leading cause
of cervical cancer, which ranks fourth globally in incidence and
mortality rates [38]. However, cancer but also with anal, oro-
pharynx, penile, vaginal, and vulvar cancer [39]. Moreover,
the rates of HPV infection have increased over time. There
are approximately 200 HPV types identified, with 40 of them
known to be sexually transmitted [4]. HPV is classified into
high-risk types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 68, 73, and 82), and low-risk types (HPV 11, 40,42, 43, 44,
53,54,61, 72,73, and 81), [40] The most detected HPV types,
in almost 70% of cancers, are HPV 16 and 18 [41]. HPVs in-
fect and replicate in the mucosal and cutaneous epithelia of
their hosts [42]. These stratified epithelia contain a basal layer
of self-renewing cells that divide symmetrically to replenish
the basal layer, and asymmetrically to generate daughter cells
that make up the differentiated layers of the tissue [43]. The
HPV life cycle takes advantage of this process by establishing
a reservoir of persistent infection in the self-renewing basal
cells, and only generating virion particles in the terminally dif-
ferentiated cells [42]. Viruses are released into the environment
in squames (dead cells) that are sloughed from the surface of
the epithelium. Different HPV types infect diverse anatomical
regions of the cutaneous or mucosal epithelia, but they all have
a similar differentiation-dependent life cycle (Figure 1), [44].

Epidemiology of HPV

The National HPV Center reports overall fewer cases of HPV
incidence in the MENA region compared to other regions glob-
ally, but at a lower age standardization rate [45]. The World
Health Organization's vision in 2018 was to decrease HPV
prevalence globally with the introduction of HPV vaccines into
national vaccination programs [46]. However, because of the
stigma related to HPV as a sexually transmitted infection, most
of the conservative countries in the MENA region have yet to
introduce HPV vaccination programs [47]. Of the 27 countries,
Turkey has the only organized screening program, which it has
had since 2013. Some countries, such as Algeria, Morocco, and
Qatar, have implemented vaccination programs within their
existing health programs but within opportunistic settings [48].
The only two countries that have the HPV vaccine embedded
in their health programs are Libya and the United Arab Emir-
ates (UAE), [49]. Although most of the countries in the MENA
region have a low incidence rate of HPV infection, the cover-
age of the reported cases is typically based on small sample

3



ijclinmedcasereports.com

Volume 42- Issue 5

(@) Virus shed |
in squames

squamocus §
epithelivm J

(2 Persistent inlection

of basal cells Diarmis

(®) Virus shed in
superficial cells

" |

= Non-keratinized
= stratified 4

(Z) Persistent infection 1
of basal cells

Transformation

epithelium  zone B —
E (2) Persistent infection

of basal cells

@j Virus shed in
superficial cells

oD ,rﬁ't?,-a.a.d
y o (7 & >, __&__‘?__;.)_@ J
: b ,"O‘ .:.‘-»,'_);__ T
O R DT
_",1_.’“'"70;&3’0 0,055

Lamina propria

Figure 1: Human papillomavirus infectious cycles in stratified epithelia of different host tissues. common skin wart, often
caused by Mupapillomavirus infection (panel a); anogenital wart infected with low-risk Alpha papillomaviruses (panel
b); infection of the skin and hair follicles by Beta papillomavirus (panel c),; cervical infection by high-risk Alpha papil-

lomaviruses (panel d), [44].

sizes, which underestimates or overestimates the actual num-
ber of cases [50]. One review that examined the effectiveness
of screening and vaccination programs in the MENA region
showed that 70% vaccination coverage could prevent 180,000
cases of cancer in the MENA region [39].

Mechanisms of Vaccinations

The licensed HPV vaccines are developed based on a virus-
like particle (VLP) of the major papillomavirus capsid protein
L1 [51]. Since VLPs are merely proteins and do not contain
a viral genome, these are considered non-infectious and non-
oncogenic and thus are safer than HPV-attenuated vaccines
[52]. VLPs can be produced in bacteria, yeast, or insect cells.
The cervix comprises HPV16 and 18 VLPs, monophosphory-
late lipid A (MPL), and aluminum hydroxide (together called
adjuvant system 04, AS04) as adjuvant [53]. MPL is a toll/
like receptor 4 (TLR4) agonist that can induce high levels of
antibodies as compared to Gardasil and Gardasil 9, both of
which contain only aluminum hydroxide as an adjuvant and
are produced in Saccharomyces cerevisiae yeast [52]. Garda-
sil contains VLPs against HPV6, 11, 16, and 18, while Garda-

sil 9 contains VLPs against HPV6, 11, 16, 18, 31, 33, 45, 52,
and 58 [54]. The HPV vaccines currently being produced are
based on L1-VLPs, which only provide type-restricted immu-
nity, neglecting many other oncogenic HPV genotypes [55].
Consequently, second-generation VLPs, such as L2-VLP and
Chimeric L1-L2 VLP, are drawing a lot of attention for their
broader genotype coverage [56]. In comparison to L1-VLP, the
minor capsid protein L2 contains type-common epitopes that
can provide broad cross-neutralizing antibody responses. No-
tably, Cervarix can confer a degree of cross-protection against
some phylogenetically related types of HPV16 and 18 from the
same phylogenetic cluster alpha-9 (HPV16-like: HPV31, 33,
35, 52, 58) and alpha-7 (HPV18-like: HPV39, 45, 59, 68) spe-
cies groups, owing to its unique adjuvant systems [52].

Vaccine Safety and Adverse Effects

Multiple studies have demonstrated that all three vaccines
exhibit excellent safety and tolerance in different age groups
[57]. A 10-year follow-up study showed that Gardasil is im-
munogenic, clinically effective, and generally well-tolerated
in preadolescents and adolescents [58]. Furthermore, cervix
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Table 3: Comparison of HPV vaccines.

HPV Vaccines Cervarix Gardasil Gardasil 9
Manufacture GSK Merck & Co Merck & Co

6 - 20 ug 30 ug

11 - 40 ug 40 ug

16 20 ug 40 ug 60 ug

18 20 pg 20 pg 40 pg
VLP Types 31 - - 20 ug

33 - - 20 ug

45 - - 20 ug

52 - - 20 ug

58 - - 20 pg
Expression system Baculovirus -Insect Cell Yeast Yeast

50 ug MPL absorbed on 500 pg alu-

225 pg aluminum

500 pg aluminum hydroxy

Protection rate

Adj . .

djuvant minum hydroxide (AS04) hydroxy phosphate sulfate | phosphate sulfate
Dose 0.5 mL/dose 0.5 mL/dose 0.5 mL/dose
Injection schedule 0, 1, 6 months 0, 2, 6 months 0, 2, 6 months
Cervical cancer 70% 70-75% 90%

and Gardasil 9 demonstrate great tolerance and antibody suste-
nance after vaccination for up to 9.4 years and 6 years, respec-
tively [52]. The most frequent adverse effects (AEs) of Cer-
varix and gardasil were injection-site reactions, such as pain
and swelling, possibly due to the VLP-related inflammation
process [59]. Cervarix can also lead to systemic symptoms,
such as fever, nausea, vomiting, dizziness, myalgia, and diar-
rhea [60]. Headache and fatigue are the most common Cer-
varix-related systemic AE, seen in approximately 50-60% of
participants. Gardasil and Gardasil 9 recipients may also have
general symptoms, but no increased risk of systemic symptoms
was evident in their recipients [61].

Immunogenicity

Immunogenicity, a crucial factor influencing the effective-
ness of vaccines, has been consistently demonstrated in HPV
vaccines [62]. These vaccines elicit robust and sustained im-
mune responses, surpassing the immunity achieved through
natural infection [63]. Seroconversion, defined as developing
specific antibodies against the viral antigen, was observed in
nearly 100% of individuals vaccinated with the 3-dose series
[64]. The titer of these antibodies increased after each dose and
gradually declined over time following the completion of the
vaccination course. Peak antibody titers induced by HPV vac-
cines are significantly higher than those generated after natural
infection [65]. Immunological memory elicited by HPV vac-
cines results in persistent antibody titers, providing long-term
protection [66]. Studies have demonstrated the stability of anti-
body levels over 9.4 years post-vaccination. This enduring im-
munity is attributed to the induction of memory B cells, which
play a crucial role in maintaining immunological memory [67].
Titers exhibit an inverse relationship with age, with higher ti-
ters observed in individuals aged 9-26 years compared to older
age groups [68]. Longitudinal evaluations of immune respons-
es up to 24 months post-vaccination revealed a significant in-
crease in geometric antibody titers (GMTs) for HPV type 16
(2.4-5.8-fold) and HPV type 18 (7.7-9.4-fold). These findings
underscore the robust and sustained immunological response
induced by HPV vaccines [69].

Conclusion
Cervical cancer is the third leading malignancy among women
after breast and colorectal cancers worldwide, with 569,000

new cases each year. Cervical cancer occurs at disproportion-
ately higher rates in less developed countries. HPV infection is
associated with most cervical cancer cases, with HPV-16 and
-18 identified as the most carcinogenic subtypes, accounting
for over 50% and 10% of cases, respectively. Key prevention
initiatives include completing the recommended vaccination
series, standardized screening, and education about contribut-
ing factors to encourage avoidance of associated risks. Multiple
studies have demonstrated that all three vaccines exhibit excel-
lent safety and tolerance in different age groups. A 10-year fol-
low-up study showed that Gardasil is immunogenic, clinically
effective, and generally well-tolerated in preadolescents and
adolescents. Furthermore, cervix and Gardasil 9 demonstrate
great tolerance and antibody sustenance after vaccination for
up to 9.4 years and 6 years, respectively. Gardasil and Gardasil
9 recipients may also have general symptoms, but no increased
risk of systemic symptoms was evident in their recipients.
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