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Abstract: Cervical cancer is the most common human papillomavirus (HPV)-related disease. Knowledge of the natural history and
aetiology of cervical cancer offers unique opportunities for its prevention, and the development of HPV screening tests is one of the
most effective strategies. The current HPV diagnostics detect HPV DNA or E6/E7 mRNA in cervical/vaginal samples using
molecular-based technologies. HPV screening tests are more sensitive than cytology or visual inspection with acetic acid (VIA) as
a primary screening method and are even more clinically valuable in triaging mild cytological abnormalities as a hybrid test. As
technical and laboratory resources are grossly limited in marginalized or underserved settings which thus require that women travel
long distances for screening and treatment. The practical implementation of an HPV-based screening programme may face many
challenges and measures should be instituted to overcome these challenges without compromising disease detection. These measures
may include a reduction in screening frequency using the WHO global strategy of offering HPV screening tests at 35 and 45 years of
age, adoption of a high throughput testing technology, and improved access to vaginal HPV self-sampling screening tests to women in
remote settings or those who are reluctant to undergo gynecologic examination. Another important strategy is the implementation of
a “see-and-treat” approach using a point-of-care platform that requires limited skills of laboratory technicians. In addition, the
development and large-scale incorporation of more specific HPV testing technologies that are much cheaper and easier to use in non-
laboratory settings than the currently available options should be prioritized for underserved settings. At the same time, there is a need
to develop and commence the implementation of an affordable and readily available intermediate or secondary test with optimal
specificity for triaging or segregating clinically unimportant HPV infections that do not require colposcopy.
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Introduction

Cervical cancer is a major public health problem and is the fourth most common cancer in women worldwide
accounting for an estimated 604,000 new cases each year.! More than 80% of the global burden of cervical cancer
occurs in the low- and middle-income countries (LMIC) of sub-Saharan Africa and Asia, where it accounts for about
12% of all female cancers.”> In 2020, an estimated 342,000 deaths were due to cervical cancer thus accounting for
7.5% of cancer-related deaths in females.' Nearly nine in ten of these deaths occur in the LMICs.' Knowledge of
the natural history and aetiology of cervical cancer has now offered a unique opportunity to prevent the disease.* To
eliminate the substantial global burden and the increasing inequity associated with cervical cancer, the World Health
Organization (WHO) Director-General made a call in May 2018 for global action for the introduction of a triple-
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intervention strategy called 90-70-90 targets: (1.) to vaccinate 90% of all girls by age 15 years, (2.) to screen 70% of
women twice by age 35 and 45 years, and (3.) to treat at least 90% of all precancerous and cancerous lesions detected
during screening.’ This is projected to result in a worldwide threshold of 4 new cases per 100,000 women-year
corresponding to more than 74 million cases and more than 62 million deaths averted over the next century.® This
suggests that cervical cancer is nearly completely preventable through highly effective primary (HPV vaccination)
and secondary (screening) prevention measures.' In 2019, WHO recommends high-quality screening programs
targeting women aged 30 to 49 years, such as visual inspection with acetic acid in resource-constrained settings,
a Papanicolaou (Pap) smear test every 3 to 5 years, or HPV testing every 5 years, coupled with timely and effective
treatment of precancerous lesions.” As emerging evidence currently supports the use of HPV-based tests as the
preferred primary screening test for the detection of precancerous lesions,™® there is an urgent need to build a more
equitable future and eradicate the health-care disparities that may affect the effective introduction of this high-
performance screening test’ in underserved populations. Therefore, this review will focus on identifying these
important challenges to testing and then propose effective strategies for its successful implementation.

The Link Between Human Papillomavirus and Cervical Cancer

Persistent genital infection with certain types of HPV has been reported as a necessary cause of cervical cancer.” The
strength of the association between HPV infection and cervical squamous cell carcinoma is higher than that of the
association reported between smoking and lung cancer.'® HPV infections are, however, less commonly related to
adenocarcinomas of the cervix as only about 43% of cases seen in women aged 60 years and older are associated with
the infection.'® HPV are closely related viruses that are classified and numbered based on their nucleic acid
sequencing and order of discovery, respectively.'” More than 200 HPV types are known to exist in humans'''?
with about 30 of these transmitted during sexual contact to the genital areas where 14 types (classified as group 1
carcinogens) are associated with cervical cancer.” At least one of these HPV types is implicated in almost all cases of
cervical squamous cell carcinoma.’ As a result of its causal relationship with cervical cancer and its precursor lesions,
genital HPV infection can be grouped as non-oncogenic and oncogenic HPV types.”'° Non-oncogenic HPV include
types 6, 11, 42, 43, and 44 while the oncogenic types are 16, 18, 31, 33, 34, 39, 45, 51, 52, 56, 58, 59, 66, and 68.°
The virus usually infects matured mucocutaneous epithelial cells of the cervix to produce viral particles that disrupt
the normal cell-cycle control causing the promotion of uncontrolled cell division that leads to genetic damage.'' In
general, the development of a productive HPV-related lesion requires that the virus access the epithelial basal layer
once the epithelial barrier has been breached.'® The detection of oncogenic HPV infection in the cervix is necessary
but may not be enough for the development of cervical cancer.’ This is because most HPV-induced cervical changes
are transient with about 90% clearing spontaneously within 2 years.'* Therefore, the presence of factors that alter
a woman’s ability to clear the virus'® such as an individual’s genetic predisposition and immune status,'> genetic
variations in HPV types, infection with more than one oncogenic HPV type, and frequency of HPV reinfection'® will
determine whether or not the woman develops cervical cancer.

Basic Virology of HPV

HPV is a relatively small, non-enveloped virus of about 55 nm in diameter.'” Each virus has an icosahedral capsid
containing 72 capsomers with at least two capsid proteins, L1 and L2. Each of these capsomers is a pentamer of the

1.'® Each of the major virion capsids contains about 12 copies of the minor capsid protein, L2."”

major capsid protein, L
HPV consists of a single-molecule of circular, double-stranded DNA'® with a genome containing all Open Reading
Frame (ORF) protein-coding sequences confined to one of the strands.'® The HPV genome consists of three functional
regions:'? (1.) The long control region (LCR) referred to as the “non-coding upstream regulatory region (URR)” contains
the highest degree of variation in the HPV genome. It contains the p97 core promoter along with enhancer and silencer
sequences that control ORFs transcription for the regulation of DNA replication;*° (2.) The “early region (E)” consists of
ORFs El, E2, E4, ES, E6, and E7, which control viral replication and tumorigenesis; and (3.) The “late region (L)”

encodes the L1 and L2 structural proteins for the viral capsid (Figure 1).'° A new HPV type should have nucleotide
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Figure | Basic virology of HPV. Used with permission of Portland Press, Ltd. from Stanley MA, Pett MR, Coleman N. HPV: from infection to cancer. Biochem Soc Trans.
2007;35(Pt 6):1456—1460; permission converyed through Copyright Clearance Center, Inc."®

sequences of the E6, E7, and L1 ORFs that are no more than 90% homologous to the corresponding sequences of any of
the existing HPV type.'’

Development of HPV Screening Tests

Cervical cancer screening involves testing for HPV infection and precursor cervical cancer lesions among women with
no symptoms, and when screening detects cervical pre-cancerous lesions, treatment can easily be instituted, and cancer
avoided.'® The development of HPV screening tests is one of the most effective strategies for cervical cancer control.'
The laboratory culture of HPV is not reliable; however, through the use of molecular-based technologies, HPV DNA or
HPV E6/E7 mRNA can be detected in cervical/vaginal samples.?' The molecular techniques for HPV DNA detection can
be classified broadly into those technologies that are not amplified, such as direct genome detection tests or nucleic acid
probe tests, and those that utilize amplification, both conventionally and in real-time, to obtain DNA copies.
Amplification methods can also be divided into three different groups: (1.) target amplification — which involves
amplification of the target nucleic acids (for example, polymerase chain reaction — PCR); (2.) signal amplification —
which involves amplification of the signal generated from each probe by a compound-probe or branched-probe
technology; and (3.) probe amplification — which involves the probe molecule amplification (for example, ligase chain
reaction — LCR). Conversely to the DNA detection method, the mRNA tests identify the expression of HPV E6 and E7
oncoproteins that regulate the oncogenic process of cervical cancer. The detection of E6/E7 oncogene expression could
be a more specific and better cancer risk predictor than the HPV-DNA tests.*?

Many previous studies of HPV generally use nucleic acid amplification methods that generate genotype-specific
results.”® The PCR assays specifically target genetically conserved regions in the L1 gene to detect the HPV DNA of any
of the 14 HPV types that are known to cause cervical cancer in cervical epithelial cells.” The detection of one or any
combination of these HPV types will result in a positive test result. The assays for detecting HPV infection differ in their
sensitivity and type-specificity,”® depending on the anatomic region sampled, as well as the method of specimen
collection.?* Without the knowledge of specific HPV types in a screening sample, many women will undergo unneces-
sary follow-up and treatment as different HPV types carry a different risk of cervical cancer.” Virus-like-particle-(VLP)-
based enzyme immunoassays are the most frequently used HPV serologic assays; however, there are no standardized
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reagents for these assays in the laboratory and there are also no standards for setting a threshold for a positive result.
Therefore, serology-based HPV tests are not used in clinical practice.”* In addition, none of the commercially available
molecular-based HPV tests is clinically indicated nor approved for use in men.*?

Implementation of HPV Screening Tests

The most appropriate HPV test should be selected for use in a cervical cancer screening programme, especially in
underserved settings based on consideration for performance accuracy, clinical validation, costs, and other operational
and logistical requirements such as supply chain management and storage.”> The direct detection of HPV DNA in
cervical or vaginal samples should be used as an alternative or to complement a population-based cytological screening
programme.'® This is because HPV-based screening tests are more sensitive than cytology or VIA as a primary screening
method and are even more clinically valuable for triaging mild cytological abnormalities as a hybrid test.'® These
screening strategies minimize the need for unnecessary follow-up evaluation, especially in settings with limited or no
access to colposcopy.

(a) Hybrid HPV screening: Cervical cancer screening programmes in both developed and developing countries have

relied mostly on cytological-based testing such as Pap smear tests. However, because of the lower specificity of

8.2627 women with mild cytological abnormalities'® such as atypical squamous cells of undetermined

28,29

Pap smear,

significance (ASC-US) and low-grade squamous intraepithelial lesions (LSIL) are required to undergo
triaging using the more specific molecular-based HPV screening tests in a hybrid approach before referral for
colposcopy if positive for any of the oncogenic HPV types. However, based on the timing of the triage screening
test, hybrid HPV tests are classified as (1.) Pap Smear/HPV co-test involves the simultaneous performance of
cervical cytology and HPV DNA testing using the sample of cells removed during a Liquid Based Cytology
(LBC), and (2.) HPV reflex testing involves the performance of an HPV test using cells from the sample removed
during an LBC. Women with mild cytological abnormalities who test negative for HPV infection will undergo
repeat cytology testing after 12 months while those who test positive for any type-specific oncogenic HPV type(s)
will be referred for immediate colposcopy evaluation.*®

(b) Primary HPV test: This is using the HPV test as a first-line screening method. HPV tests have a higher
sensitivity than cytology (96.1% vs 53.0%) but lower specificity (90.7% versus 96.3%).® Although it is highly
sensitive, HPV testing cannot discriminate between transient and persistent infections,”' and thus it is only better
suited as a screening test.*> The International Agency for Research on Cancer (IARC)*® and the WHO’ have
now recommended HPV tests as the primary method for the detection of precancerous lesions of the cervix.®
Therefore, the primary HPV screening test has now replaced other screening modalities in almost all developed
countries and many developing countries.®*!**33 Although, it has a higher cost than other screening tests, it is
more cost-effective in detecting precancerous lesions of the cervix when implemented in an organised setting®
that is accompanied by a strong health-infrastructure framework. A negative HPV test result provides better
reassurance against the development of high-grade precancerous lesions with safe prolongation of screening
intervals.’! A negative test result indicates a low probability of developing high-grade precancerous and
cancerous lesions in the next 5-10 years with high accuracy.>® A secondary or intermediate test, therefore,
needs to be developed and implemented to avoid the unnecessary, invasive, uncomfortable, and costly proce-
dures that may accompany an HPV-based screening programme. This affordable and readily available test is
essential to segregate or triage clinically unimportant HPV infections that do not require colposcopy’ by
optimizing specificity, without sacrificing sensitivity.***° The search for the most appropriate test continues,
however, in most parts of the world, the Pap smear test is currently used to triage oncogenic HPV-positive
women who are negative for HPV16 or 18. Women who test positive for HPV infection are either referred
directly for colposcopy (if positive for HPV types 16/18) or cervical cytology before colposcopy (if positive for
one or any combination of the remaining 12 oncogenic HPV types) when necessary.>> This is not yet a scalable
solution; however, it is an important area that requires further investigation to identify the most suitable
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intermediate or secondary test that would prevent low-risk patients from undergoing unnecessary invasive
procedures or additional follow-up visits.

Overcoming Challenges of Implementation of HPV-Based Cervical Cancer
Screening Programme in Underserved Populations

(a)

(®)

©

Programmatic considerations: Cervical cancer is now primarily a disease of marginalized and underserved
women, particularly those in the LMICs of Africa and Southeast Asia.*® Currently, only 44% of women in
resource-limited countries have ever been screened for cervical cancer, with the lowest prevalence (0.9-50.8%)
among women in sub-Saharan Africa,*' compared with over 60% in high-income countries (HIC).® The under-
served women in these resource-limited countries often lack access to the resources necessary to implement
successful cervical cancer prevention programmes.* In addition, these countries often have limited funds and
cancer screening programs usually compete with other pressing health needs.** Furthermore, women who are at
the highest risk of cervical cancer in most LMIC settings often lack access to relevant information and services
necessary to protect them from developing the disease.*”

Challenges of HPV-based screening implementation: There has been a gradual shift from HPV reflex testing for
mild cytological abnormalities to Pap smear/HPV co-test paradigm, and now to primary HPV testing.®" All these
screening approaches face common challenges to successful implementation such as logistic and infrastructure
inadequacies, cost concerns, poor follow-up, and sociocultural constraints.*> A broad array of social, cultural, and
clinical factors may influence where, how, or if cervical cancer screening services can be successfully provided.
Even though HPV-based screening programmes have various advantages, the practical implementation is fraught
with substantial challenges, especially in resource-limited settings.*> HPV-based screening programmes face
multiple choices regarding the programme design such as the choice of HPV test, triage method, follow-up and
referral recommendation, target age range, screening interval, communication strategy, and training strategy for
health-care providers.** The optimal choices in underserved settings will, therefore, depend on the national and
local context, including the availability of financial resources, technical capacity and laboratory infrastructure.***>
Regardless of the chosen testing method, it is important to ensure that women with screen-positive precancerous
and cancerous lesions be adequately treated as it is unethical to offer screening without access to treatment.’
Overcoming implementation challenges of HPV-based screening tests: Despite its cost-effectiveness, an HPV-
based screening test per see is not enough to overcome the challenges of a fragile health-care structure. Before
incorporating HPV tests into a screening programme, a thorough understanding of the complexities of the test
must be carefully considered. In addition to its higher sensitivity than other available screening tests, the major
advantage of HPV testing is its high and long-lasting negative predictive value and its extended screening
intervals of at least 5 years.® The American Cancer Society, therefore, recommends that women initiate cervical
cancer screening at age 30 years (or 25 years for average-risk persons) and undergo primary HPV testing every 5
years through age 65 years as a preferred option.*® To further minimize the cost and frequency of testing without
compromising disease detection, especially in settings with limited screening capacity, WHO has recommended,
as part of its global strategies to eliminate cervical cancer, that a woman undergoes two HPV screening tests at 35
and 45 years of age to confer substantial lifetime preventive benefit.>*” Until recently, the major obstacles to the
use of HPV-based molecular testing in most resource-constrained settings are the need for expensive laboratory
infrastructure and the prolonged time required to process test results.'” The development of the rapid molecular-
based testing methods screening for cervical cancer screening is a milestone for the low-resource settings due to
the high laboratory throughput and unnecessary requirements for huge infrastructure.’® Furthermore, HPV
screening tests now offer a unique opportunity for self-sampling to women who live in remote areas or who
are reluctant to undergo gynaecological examination for sample collection by physicians.*® Self-sampled HPV
testing offers a cost-effective screening strategy by increasing the level of screening attendance, lowering the cost
of testing, and attracting more unscreened or under-screened women.**-*° Finally, to overcome the substantial loss
to follow-up in women undergoing repeat cervical cancer screenings for monitoring, HPV-based tests can now be
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safely implemented using a “see-and-treat” approach in a point-of-care platform that requires limited skills of
laboratory technicians.>' In this instance, HPV screening, triage, and treatment can be provided together in one
visit. >’

Conclusion

In recent years, the incidence and deaths from cervical cancer have decreased significantly in high-income countries
(HICs) mostly due to the widespread implementation of screening programmes.” However, only 44% of women in
LMICs have ever been screened*' compared with over 60% in HICs.© WHO now recommends that women be screened
regularly for cervical disease with a high-performance test such as an HPV-based molecular test and this is to replace the
widely used Pap smear and visual inspection with acetic acid (VIA).> However, there are several challenges facing the
practical implementation of an HPV-based screening programme in underserved settings such as the choice of HPV test,
triage method, target age range, screening interval, follow-up and referral recommendation, communication strategies,
non-availability of financial resources, technical capacity, and laboratory infrastructure.**** Proposed measures to
overcome these challenges without compromising disease detection in women in underserved settings include
a reduction in screening frequency using the WHO global strategy by offering screening only twice to women at 35
and 45 years of age,™* rapid turnover time of test results,'® improved access to vaginal self-sampling HPV testing for
women in remote settings or those who are reluctant to undergo gynaecological examination,*® and implementation of
a “see-and-treat” approach using a point-of-care platform that required limited skills of laboratory technicians.’' All these
strategies will be of substantial benefit to underserved populations, especially among women living in remote areas of
Africa and Southeast Asia, where women may need to travel long distances for screening and treatment, and where there
are limited or no access to technical and laboratory resources. In addition, the development and large-scale incorporation
of more specific HPV testing technologies that are much cheaper and easier to use in non-laboratory settings than the
currently available options should be prioritized for underserved settings. At the same time, there is a need to develop and
commence the implementation of an affordable and readily available intermediate or secondary test with optimal
specificity for triaging or segregating clinically unimportant HPV infections that do not require colposcopy.>’
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