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Abstract

Over the past decades, cervical cancer has been a worldwide
public health problem. Population-based early cancer risk
detection and prevention approaches, including vaccination,
cytology screening and human papilloma virus (HPV) detec-
tion, with the aligned clinical management, have formed a
well-rounded high-quality implementation system for cervi-
cal cancer control, and revolutionarily improved the quality
of life of women: (1) the success of cervical cancer screen-
ing practices, (2) standardization of The Bethesda system
for reporting cervicovaginal cytology, (3) improvement in
the understanding of HPV pathogenesis in cervical cancer,
and (4) the development of appropriate management ap-
proaches have significantly decreased the disease burden
of cervical cancer worldwide. This scoping review aimed
to understand the evolvement of cervical cancer screening
and management guidelines, describe the Bethesda cervi-
cal cytology reporting system, and HPV vaccines and tests,
and highlight the key information of present policies and
practices.
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Historical review of cervical cancer screening guide-
lines, the cytologic reporting system, and clinical
management recommendations

Cervical cancer was previously one of the leading causes of
cancer death in women worldwide. However, its incidence,
mortality and survival have markedly declined in the past
several decades due to the following: (1) the success of
cervical cancer screening practices, (2) the standardization
of The Bethesda system (TBS) for reporting cervicovaginal
cytology, (3) improvement in the understanding of the hu-
man papilloma virus (HPV) pathogenesis in cervical cancer,
and (4) the development of appropriate management ap-
proaches.

Dr. George Papanicolaou introduced cervical cytology to
the world in his landmark work, “Diagnosis of Uterine Can-
cer by the Vaginal Smear”, in 1943! through the untiring ef-
forts of Dr. Diane Solomon, Dr. Robert Kurman and various
authors. The first version of TBS was formulated in 1988 to
provide a universally accepted reporting system for cervi-
cal cytology.? This visionary contribution in the field of cer-
vical cancer provided fundamental knowledge for the later
development of evidence-based cervical cancer screening
and management guidelines. This system was the first to
incorporate “statement of adequacy” as a component of the
cytology report, and recommended a two-tiered reporting
system for squamous intraepithelial lesions: low-grade and
high-grade. The aim of this initial system was to effectively
communicate cervical cytology findings to clinicians. Then, in
1991, the interim evidence-based, consensus guidelines for
the management of women with cervical cytological abnor-
malities sponsored by the American Society for Colposcopy
and Cervical Pathology (ASCCP) were finalized.3

As the knowledge of cervical carcinogenesis advanced,
a few changes, including the terminology and recognition
of glandular lesions, were introduced in the TBS 2001 up-
date.4® During this time, liquid-based cytology and HPV
tests were introduced. In the subsequent 13 years, the TBS
2001 print (2"d edition) became the fundamental advisory in
the international cytopathology community, and produced a
significant impact on education and practice. Then, the revi-
sion for the alignment of management guidelines with the
terminology update was published in 2006 and 2012.7:8 In
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2001 to 2002, the American Cancer Society (ACS) was the
first to convene a multidisciplinary expert panel to publish
the cervical cancer screening recommendations, in which
screening was recommended to started no later than 21
years of age, and that a HPV DNA test should be initially in-
corporated.®19 In 2012, ACS, ASCCP and the American Soci-
ety for Clinical Pathology published updates on the screening
guidelines. The new screening recommendations addressed
the age-appropriate screening strategies, the age at which to
exit the screening, and screening strategies for women vac-
cinated against HPV16 and HPV18 infections.!!

The latest revision of TBS was finished and formalized in
2014.12 The updated TBS system had minimal changes in
terminology, and continued to recommend a uniform and
reproducible cytology report, which has five components:
specimen type, specimen adequacy, general category, inter-
pretation/result, and adjunctive testing. The major changes
in TBS 2014 included the following: the reporting of benign
appearing endometrial cells for women 245 years old, instead
of women =40 years old; “low-grade squamous intraepithe-
lial lesion (LSIL), cannot exclude high-grade intraepithelial
squamous lesion (HSIL)” is not recommended, etc. The US
Preventive Services Task Force in 2018 updated the recom-
mendations for the screening of cervical cancer. The major
change in these guidelines was the addition of an alternative
option of every five years with a high-risk HPV (hrHPV) test
alone for women within 30-65 years old.

In 2020, ACS published its most recent cervical cancer
screening guidelines update. The new ACS recommenda-
tion differs in four important aspects, when compared to the
2012 version: (1) the recommended age to start screening
is 25 years old, rather than 21 years old; (2) a primary
HPV test, and co-testing or cytology alone are recommend-
ed starting at 25 years old, rather than at 30 years old;
(3) the preferred screening strategy is a primary HPV test
every five years, with co-testing and cytology alone, which
are acceptable in areas where access to US Food and Drug
Administration (FDA)-approved primary HPV tests were not
yet availa.!3 This new ACS screening guidelines was imme-
diately aligned with the Risk-Based Management Consen-
sus Guidelines update by the 2019 ASCCP.* This guidelines
were the first to clearly define that risk thresholds based
on the results of HPV tests, alone or in adjunct with cytol-
ogy, which can be used to guide its management (more
or less frequent surveillance, colposcopy, or treatment; or
return to routine screening). Cervical intraepithelial neo-
plasia 3+ (CIN3+) risk-stratified decision making, but not
results-based management, was largely emphasized. The
patient’s age was also a consideration in the management
for reproductive desire. The risk was determined by com-
bining the present results and history. Expedited treatment
is preferred for HPV16 positive HSIL cytology, or immediate
risk of CIN3+ >60% in women of 25 years old or older. Exci-
sional treatment for HSIL (CIN2 or CIN3) or cervical adeno-
carcinoma is preferred, while observational follow-up is rec-
ommended for CIN1. If the primary screening test presents
a positive HPV16 or 18, colposcopy with biopsy is necessary,
even when the cytology results are negative. Lifetime sur-
veillance at 3-year intervals is recommended for the initial
post-management of histologic high-grade lesions.

The Bethesda system for reporting cervical cytology

The three guiding principles (Nayar R et al.1>)

1. The classification terminology of the cervical smear re-
port should be uniform and reproducible in different labo-

ratories worldwide, and at the same time, this should be
flexible to suit local population requirements;
2. The cervical smear report should provide clinically appro-
priate and relevant information to the treating clinician;
3. The terminology used in the report must be periodically
updated, in order to reflect the present understanding of
cervical cancer.

Preparation method

Liquid-based preparation (LBP): the two FDA approved lig-

uid-based systems.

1. ThinPrep™ by Hologic (Marlborough, MA, USA): requires
an instrument and a special polycarbonate filter. Cells are
transferred from the filter to a 20 mm diameter circle on
the slide.

2. SurePath™ by BD Diagnostics (Durham, NC, USA): re-
quires a computer-controlled robotic pipette and a cen-
trifuge after multiple steps of processing. The cells form
a circle of 12.5 mm in diameter on the slides.
Conventional preparation: The direct spreading makes a

cytological smear of the specimen onto the slide.

Specimen adequacy??

Unsatisfactory: This category includes the following: (1)
specimen rejected/not processed by providing a specific rea-
son; (2) specimen processed and examined, but unsatisfac-
tory for the evaluation of epithelial abnormality. The latter
represents the most common clinical scenario.

Adequate criteria: women with a cervix should have an
estimated minimum of 5,000 (LBP) and 8,000-12,000 (CP;
1,000 cells/4x field) well-visualized/well-preserved squa-
mous or squamous metaplastic cells. A rough guide to es-
timate the number of cells: ThinPrep, 50 cells/10x field in
100 fields, 1,600 cells/10x field in 50 fields; SurePath, 118
cells/10x field in 42 fields, 676 cells/10x field in 118 fields.
In addition, the presence or absence of the endocervical/
transformation zone (EC/TZ) component should be includ-
ed in the report. Unsatisfactory is often observed in more
than 75% of squamous cells, which are obscured. The report
should clarify whether the presence of blood, mucus, lubri-
cants, inflammation, or technical artifacts contributed to the
unsatisfactory sample, or whether the problem was simply
due to low squamous cellularity.

The College of American Pathologists (CAP) reported the
50t percentile rate for unsatisfactory specimens in US labo-
ratories: 1.0% (CP), 1.1% (ThinPrep) and 0.3% (SurePath)
were reported in the 2006 survey, and 1.1% (CP), 1.6%
(ThinPrep) and 0.3% (SurePath) were reported in the 2022
survey.16:17 The ASCCP Risk-Based Management Consensus
Guidelines update in 2019 recommended a repeat cytology
after 2-4 months for unsatisfactory cytology. Colposcopy is
recommended for two consecutive unsatisfactory cytology
results, or women who are known to be HPV16/18 positive
with unsatisfactory cytology.'® For women who received ra-
diation, chemotherapy, hysterectomy, or trachelectomy for
cervical cancer, these patients often develop atrophy, and the
cervix may become stenotic. A lower threshold of 2,000 cells
in these patients can be considered.

Interpretations/results’?

Negative for intraepithelial lesion or malignancy
(NILM): Since cervical cytology is primarily performed to
detect squamous cell carcinoma or precancerous lesions, this
category includes a broad spectrum of non-neoplastic chang-
es, such as inflammation (e.g. lymphocytic cervicitis), physi-
ological (e.g. endometrial cells, atrophy, metaplastic chang-
es, and keratotic squamous) or chemical trauma, radiation,
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Fig. 1. Infection showing the hyphae with “shish kabob” cytomorphologic features. (a) Trichomonas infection; (b) Candida spp. Infection with spores; (c)

Candida spp.

and hormonal alterations (e.g. pregnancy related, colonizing
or infectious viral/bacterial/fungal organisms, and IUD-asso-
ciated irritation; Fig. 1). As forementioned, in this category,
exfoliated endometrial cells are normal findings (Fig. 2).
However, the reporting of endometrial cells in women of 245
years old is required. A meta-analysis of studies indicated
that the risk of biopsy-proven endometrial hyperplasia and
cancer in the presence of benign endometrial cells on the
exfoliative cytology of women of =40 years old was 12% and

o
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6%, respectively, and this risk dropped to 2.0% and 1.1%,
respectively, after the implementation of TBS 2001.1° In or-
der to improve the predictive value of exfoliated endometrial
cells, TBS 2014 modified the age to 45 years old or older.
The overall HPV prevalence in the US is 42.5% (29% for
hrHPV and 28.5% for low-risk HPV [IrHPV]) for females with-
in 14-59 years old.2° A meta-analysis of studies conducted
for HPV detection in 1,016,719 women with normal cytologic
findings worldwide revealed that the crude and adjusted HPV

Fig. 2. Clusters of benign endometrial cells forming a 3-dimention (3D) glandular configuration (a-b).
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Fig. 3. ASC-US cells with enlarged nuclei, fine chromatin, and a smooth nuclear membrane (a-d). Candida spp. is also identified in (a).

prevalence was 72.0% and 11.7% by PCR or HC2, respec-
tively.2! The most common HPV types in women with normal
cytological findings were, as follows: HPV16 (3.2%), HPV18
(1.4%), HPV52 (0.9%), HPV31 (0.8%), and HPV58 (0.7%).
For women of 30 years old and older, with negative cyto-
logical screening, the prevalence of HPV ranged within 3.4-
8.2%.22 The detection rate for hrHPV was higher in women
younger than 30 years old (8.0%), but the hrHPV positive
rate was only 1.9% (490 of 25,259) in women of 30 years old
and older, with negative cytology test results.23

The 2019 ASCCP risk-based management guidelines re-
ported that women with positive HPV and NILM cytology have
an immediate risk of 2.1%. Therefore, a follow-up after one
year was recommended, except for women with HPV16 or 18
positive NILM, in which a colposcopy should be considered.!8

Atypical squamous cells of undetermined signifi-
cance (ASC-US): The ASC-US category is the one of di-
chotomous reporting terminologies for atypia in the atypical
squamous cell (ASC) category, accounting for 90% for ASCs.
This represents a finding suggestive of the possible presence
of an underlying LSIL. However, the definitive interpretation
remains insufficient. Furthermore, 10-20% of women with
ASC-US were identified to have biopsy-proven HSIL.2* The
three cytologic features for the diagnosis of ASC-US are, as
follows: nuclear enlargement with increased nuclear-to-cyto-
plasmic ratio (N:C ratio), and minimal nuclear changes (e.g.
hyperchromasia, chromatin clumping, irregularity, smudg-
ing, and multinucleation; Fig. 3).

The cytologic criteria for ASC-US is often subjective with
poor reproducibility. The nuclei are 2-3 times the area of a

nucleus of a normal intermediate squamous cell, or twice
the size of a nucleus of a squamous metaplastic cell. Atypical
parakeratosis or incomplete koilocytosis should be reported
as ASC-US (Fig. 1).

The CAP survey data revealed the 50t percentile rate
for ASC-US specimens in US laboratories: 2.4% (CP), 4.9%
(ThinPrep) and 4.1% (SurePath) were reported in the 2006
survey; 1.7% (CP), 5.4% (ThinPrep) and 4.7% (SurePath)
were reported in the 2022 survey.l®l7 The prevalence of
hrHPV in women with ASC-US cytology varies within 31.2-
34.5% in the literature.?>-27 The CAP survey revealed a me-
dian rate of 36.6% hrHPV positivity, and 21% of laboratories
reported rates of less than 25%. The hrHPV rate for the ASC-
US cytology was 48% in the ASC-US/Low-Grade Squamous
Intraepithelial Lesion Triage Study (ALTS),?® and 57.1% in
the phase III trial of the Cervista HPV HR test.?° On histo-
logic follow-up, the reported prevalence of CIN2/3 in women
with ASC-US cytology and positive hrHPV DNA results widely
ranged within 4.3-26.7%. According to the 2019 ASCCP risk-
based management guidelines, HPV-positive ASC-US results
in an immediate CIN3+ risk of 4.5%. Therefore, colposcopy
is recommended. However, women with an HPV-negative
ASC-US screening result in the setting of an unknown history
can return after three years (estimated 5-year CIN3+ risk of
0.40%).18

Atypical squamous cells cannot exclude an HSIL
(ASC-H): ASC-H accounts for 10% of ASCs, and is often
sparse, representing cytologic changes suggestive of HSIL.
The two common cytologic patterns of ASC-H that include
small cells with high N/C ratios are, as follows: the atypical
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Fig. 4. ASC-H cells with enlarged nuclei, and the relatively remaining N/C ratio (a-d).

immature metaplasia pattern and crowded sheet pattern.

The cytologic criterion for the atypical immature metapla-
sia pattern is singly dispersed or small groups of metaplastic
cells with 1.5-2.5 times larger nuclei than normal, while the
criteria for the crowded sheet pattern are crowded squamous
cells that contain nuclei that are difficult to visualize, a dense
cytoplasm, and a polygonal cell shape (Fig. 4).

The CAP survey revealed the 50t percentile rate for ASC-
H specimens in US laboratories: 0.2% (CP), 0.3% (ThinPrep)
and 0.3% (SurePath) were reported in 2006; 0.1% (CP),
0.4% (ThinPrep) and 0.3% (SurePath) were reported in
2022.16.17 The Magee-Womens Hospital data!® and ASCUS-
LSIL Traige Study data2* reported prevalence rates for hrHPV
DNA in ASC-H cases that widely ranged within 33.3-85.6%,
with a mean of 55%. According to the 2019 ASCCP guide-
lines, the immediate CIN3+ risk in women with ASC-H cytol-
ogy is >25%, which is significantly higher, when compared to
the 4% threshold. In addition, for HPV-positive ASC-H cytol-
ogy, the immediate CIN2+ and CIN3+ risk increases to 50%
and 26%, respectively. The CIN3+ rates for HPV-negative vs.
HPV-positive ASC-H are quite different. If HPV is positive, the
CIN3+ rate is 26%, and the cancer rate is 0.92%. This con-
trasts with the respective 3.4% and 0.69% rate when HPV
is negative. Therefore, a colposcopy examination should be
considered for women with ASC-H cytology, with HPV triag-
ing.18,30-32

High-grade intraepithelial neoplasia (HSIL): In gen-
eral, HSIL cells are smaller, and show less cytoplasmic matu-
rity. Furthermore, the N/C ratio markedly increases with no
visually discernible cytoplasm. Moreover, the contour of the

nuclear membrane is quite irregular, and frequently demon-
strates prominent indentations. The nuclei are generally hy-
perchromatic. There are a few problematic HSIL patterns in
the cytology diagnosis: syncytial aggregates/hyperchromatic
crowded groups, endocervical gland involvement, patterns
that resemble endometrial cells and repair, single and rare
small HSIL cells, keratinizing high-grade lesions, HSIL in at-
rophy, and LSIL with some features of HSIL (Fig. 5).

The CAP survey reported the 50t" percentile rate for HSIL
specimens in US laboratories: 0.3% (CP), 0.6% (ThinPrep)
and 0.3% (SurePath) were reported in 2006; 0.2% (CP),
0.4% (ThinPrep) and 0.3% (SurePath) were reported in
2022.16,17

The Kaiser Permanente Northern California (KPNC) study
in 2010 revealed a 92.2% hrHPV positive rate for women of
30 years old and older, with HSIL cervical cytology.2> Ma-
gee-Womens Hospital reported an overall hrHPV detection
rate of 95.7% for women with HSIL cytology, and that the
hrHPV DNA detection rates slightly decline with the increase
in age.33 In general, HSIL cytology warrants an expedited
treatment. For non-pregnant patients of 25 years old or old-
er, with HSIL cytology and concurrent positive HPV genotype
16, when the immediate risk of CIN3+ is 260%, an expe-
dited treatment is preferred. For patients with HSIL cytology
without HPV16/18 infection, and with a completely normal
coloscopy impression, untargeted biopsies are not recom-
mended. These patients should be observed without biopsy,
according to the 2019 ASCCP risk-based management guide-
lines. The 2020 ACS cancer screening guidelines addressed a
concern on the low-risk patient management recommenda-
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Fig. 5. HSIL cells with a high N/C ratio, hyperchromatic nuclei, and occasionally dispersed single cells (a-d).

tion in the 2019 ASCCP guidelines: “It cannot be stressed too
emphatically that the updated ASCCP management guide-
lines should be regarded as integral to the success of this
screening guideline, because failure to follow-up a positive
screening test in @ manner that is adherent to the ASCCP
management guidelines undermines what was achieved with
the screening, which can result in harm to the patient”.13

Atypical glandular cells: The pap test was not designed
to primarily screen for glandular lesions of the cervix, be-
cause the abnormalities are increasingly difficult to sample,
and the sensitivity is limited. This category includes the fol-
lowing: (1) atypical-endocervical cells, NOS or specify in
comments; (2) atypical-endometrial cells, NOS or specify in
comments; (3) glandular cells, NOS or specify in comments;
(4) atypical-endocervical cells, favor neoplastic; (5) atypical
glandular cells, favor neoplastic; (6) endocervical carcinoma
in situ; (7) adenocarcinoma, endocervical or endometrial, or
extrauterine or NOS (Fig. 6).

The CAP survey reported the 50t percentile rate for
AGC specimens in US laboratories: 0.1% (CP), 0.2% (Thin-
Prep) and 0.2% (SurePath) were reported in both 2006 and
2022.16,17

Atypical endocervical cells: NOS on cytology is a poorly re-
producible diagnostic category. The diagnostic criteria include
the following: glandular cells crowding, nuclear overlap and
enlargement (3-5 times of normal endocervical cells), oc-
casional nucleoli, and rare mitotic figures. Atypical endocer-
vical cells-favor neoplastic have endocervical cells with cell
morphology, either quantitatively or qualitatively, and falls
short of the interpretation for endocervical adenocarcinoma

in situ (AIS) or invasive adenocarcinoma. Cells present with
the following: form rosette or glands with an increased N/C
ratio, nuclear crowding/pseudo-stratification, enlargement
and nuclear hyperchromasia, and occasional mitoses. Atypi-
cal endometrial cells-NOS vs. favor neoplasia on cytology
are poorly reproducible, and the distinction of cytologically
benign from atypical endometrial cells is primarily based on
the criterion of increased nuclear size. In interpreting atypi-
cal endometrial cells, clinical findings and history, the IUD in
place or polyp are important. The typical cytomorphologic
features of endocervical AIS are, as follows: columnar cells
with nuclear enlargement, hyperchromasia, chromatin ab-
normality, pseudo-stratification, and mitotic activity without
tumor diathesis.

The prevalence of positive hrHPV in AGC cytology ranges
within 20-40%. KPNC documented a 21.3% hrHPV rate for
women of 30 years old and older. The Magee-Womens Hospi-
tal data revealed a positive hrHPV rate of 24.3% (75/309),3¢
which is similar to the rate of 29% reported by Derchain et
al.3> Furthermore, Rabelo-Santos et al. reported an hrHPV
rate of 43% in women with AGC or AIS cytology, and HPV16
was the most prevalent type, followed by HPV18. HPV16 was
significantly associated with both squamous and glandular
neoplasia, and HPV18 was more correlated to glandular neo-
plasia.3® The hrHPV types were detected in 20.3% of AGC
cytology (33 of 161) in the study conducted by Mulhem E et
al. Among these, HPV16 and/or 18 were detected in 8% of
the AGC cytology.3”

The AGC cytologic results are associated with the histolog-
ic diagnosis of AIS (3-4%), CIN2+ (9%), and invasive can-
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(a) Adenocarcinoma in situ with feathering endocervical glandular arrangements. (b-c) Adenocarcinoma: NOS cells forming a glandular

architecture with nuclear overlapping crowding, and hyperchromasia. (d-f) Squamous cell carcinoma presenting orangeophilic tumor cells with an
irregular nuclear contour, hyperchromasia, and tadpole features in the background of the tumor diathesis.

cer (2-3%).38-40 The immediate CIN2+/CIN3+ risk in HPV
positive AGC patients is 40% and 26%, respectively, while
the immediate CIN3+ risk in HPV negative AGC patients is
1.1%. For non-pregnant patients of all ages with AGC and
AIS, except for atypical endometrial cells, colposcopy is rec-
ommended, regardless of the HPV result. Endocervical sam-
pling is recommended at initial colposcopy. Furthermore, en-
dometrial sampling is recommended for women of 35 years
old and older, and women younger than 35 years, who are
at risk of endometrial neoplasia. For AGC without identifiable
histologic HSIL or AIS/carcinoma on biopsy, co-testing after
one and two years is recommended. If there are any abnor-

Journal of Clinical and Translational Pathology 2023 vol. 3(2)

mal test results, a colposcopy is recommended.!8

HPV testing

Over 100 subtypes of HPV have been classified as high-risk
and low-risk type, depending on the oncogenic capability.
The FDA-approved platform for primary HPV screening in-
cludes the following: (1) Roche Cobas HPV, approved by the
FDA in 2014 to test HPV genotype 16,18, and other 12 high
risk HPV types for the primary screening of women of 25
years old and above. This is the only HPV test in the ThinPrep
liquid-based cytology vial approved in the US. (2) Onclarity
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HPV by Becton Dickinson, approved in 2018, and this was
expanded in 2020 to test for HPV genotypes 16, 18, 45, 31,
51, 52, 33458, 35+39+68, and 56+59+66 in the BD Sure-
Path liquid-based cytology vial, and the Hologic PreservCyt®
solution (not approved in the US).

For the co-test and triage, there are presently six FDA ap-
proved assays: (1) Digene Hybrid Capture 2 HPV DNA test
(Qiagen, Hilden, Germany; approved in 2001), for the de-
tection of 13 HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, 59 and 68); (2) Cervista HPV HR test (Hologic, Mar-
Iborough, Massachusetts, USA; approved in 2009), a hrHPV
DNA-based assay for detecting high-risk HPV DNA from 14
hrHPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, 66 and 68); (3) Cervista HPV 16/18 test (approved in
2009), a hrHPV DNA-based genotyping assay, approved for
the reflex testing of patients with positive hrHPV Cervista
test results (Cervista HPV HR test and Cervista HPV 16/18
test were not applied in the US market); (4) Cobas 4800 HPV
test (Roche, Basel, Switzerland; approved in 2011), a hrHPV
DNA-based PCR screening assay for specifically identifying
HPV types 16 and 18, while concurrently detecting the 12
remaining high-risk types (31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66 and 68) by real-time PCR; (5) Aptima HPV assay
(Hologic, San Diego, California, USA; approved in 2012) for
detecting the E6 and E7 mRNA transcripts of 14 hrHPV types
(16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68),
and Aptima HPV 16 18/45 genotype assay.*!

HPV vaccine in brief

“HelLa cells” are the basis of HPV vaccine development. This
is an in vitro immortal cervical cancer cell line obtained from
an African American woman, Henrietta Lack, who died from
cervical cancer.%2

The US Advisory Committee on Immunization Practices
routinely recommends HPV vaccination at the age of 11 or
12 years old. To date, three prophylactic HPV vaccines are li-
censed in the US, which are all noninfectious, and comprise of
viral-like particles: 9-valent (9vHPV, Gardasil 9, Merck & Co.
2014), Quadrivalent (4vHPV, Gardasil, Merck & Co. 2006),
and bivalent (2vHPV, Cervarix, GlaxoSmithKline, 2007). The
9vHPV targets HPV 6, 11, 16, 18, 31, 33, 45, 52 and 58, the
4vHPV targets HPV 6, 11, 16 and 18, and the 2vHPV only
targets hrHPV 16 and 18. At present, in the US, 9vHPV is the
only marketed product.

The safety of the vaccine is robust, and has consistently
exhibited no concerns or significant adverse events from the
clinical trials, except for a sporadic report on motor impair-
ment in a vaccinated girl.43-47 The HPV vaccine was initially
introduced to girls within 9-14 years old in 2009 by the World
Health Organization (WHO) worldwide. The HPV vaccine and
its safety were endorsed by the WHO and the Global Safety
Vaccine Advisory Group. The updated recommendations for
the HPV vaccination schedule by the WHO are, as follows: (1)
a one- or two-dose schedule for girls within 9-14 years old;
(2) a one- or two-dose schedule for girls and women within
15-20 years old; (3) two doses with a 6-month interval for
women older than 21 years old. The purpose of this schedule
is, as follows: “The primary target of the vaccination is girls
within 9-14 years old, prior to the start of sexual activity.
The vaccination of secondary targets, such as boys and older
females, is recommended where feasible and affordable”.*8

What is the present and what is in the future

As mentioned in the updates for cervical cancer screening
guidelines and management guidelines by several societies,

laboratories across the US are undergoing a shift in test-
ing methodology, from cytology to hrHPV testing. However,
issues, such as the low cost-effectiveness of HPV testing,
have limited the availability of FDA-approved HPV primary
screening platforms, and insignificant and low specificity
HPV positive results need to be addressed. Nevertheless,
the most informed decision should be made by a multitude
of efforts from the clinician, laboratorian and patient, or on
a case to case basis.
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