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Eradication of cervical cancer involves the expansion of human papillomavirus (HPV) vaccine coverage and the
development of efficient screening guidelines that take vaccination into account. In Korea, the HPV National
Immunization Program was launched in 2016 and is expected to shift the prevalence of HPV genotypes in the
country, among other effects. The experiences of another countries that implement national immunization programs
should be applied to Korea. If HPV vaccines spread nationwide with broader coverage, after a few decades, cervical
intraepithelial lesions or invasive cancer should become a rare disease, leading to a predictable decrease in the
positive predictive value of cervical screening cytology. HPV testing is the primary screening tool for cervical cancer
and has replaced traditional cytology-based guidelines. The current screening strategy in Korea does not differentiate
women who have received complete vaccination from those who are unvaccinated. However, in the post-vaccination

era, newly revised policies will be needed. We also discuss on how to increase the vaccination rate in adolescence.
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Introduction

Cervical cancer is the fourth most common female cancer
worldwide, with an estimated 265,700 deaths per year, and
remains the most common female cancer in 42 countries (pri-
marily developing countries) [1]. In addition, cervical cancer
has relatively early onset, occurring primarily during reproduc-
tive ages, and is one of the 3 most common cancers among
women under age 45 in most countries [2]. There has been a
lot of effort to prevent cervical cancer through primary screen-
ing and human papillomavirus (HPV) vaccination; as a result,
the disease has been gradually reduced in several developed
countries [3,4]. In Korea, for example, the incidence rate of
cervical cancer has gradually decreased to a rate of 9.0 per
10%in 2014, compared to 16.3 per 10° in 1999 [5].

HPV has been clearly demonstrated as a cause of invasive
cervical cancer [6]. It is the most common sexually transmitted
virus, and the progression of it is unusual in that the greatest
prevalence is within 5 years from the initiation of first coitus,
then decreases with age [7]. Most women infected with high-
risk HPV self-clear and acquire immunity against certain types.
However, in about 15% of HPV infections, the virus persists
and induces precancerous lesions or invasive cervical can-
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cer [8]. HPV 16 and 18 have been the most causative types
among high-risk HPV viruses, and up to now those 2 geno-
types have accounted for 70% of all cervical cancer [9]. HPV
6 and 11, which are also covered by the quadrivalent vaccine,
are responsible for most anogenital warts [10].

In a randomized controlled trial, HPV testing in combination
with liquid-based cytology or alone was more effective than
cytology for cervical cancer screening, although HPV screen-
ing might result in over-diagnosis in patients with regressive
moderate dysplasia [11]. The primary HPV DNA test has a
higher sensitivity and reproducibility than cervical cytology for
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detecting cervical intraepithelial lesions [12]. In the HPV vacci-
nation era, the prevalence of cervical lesions as precancerous
lesions or invasive cancer should decrease, and as a result, the
HPV test will largely replace cytology for screening [13].

The introduction of a national HPV immunization program
in Korea is expected to make various changes in Korea, in-
cluding the eradication of specific HPV types and a shift in the
distribution of HPV genotypes. As the vaccination rate increas-
es, the prevalence of precancerous cervical lesions and cervical
cancer will decrease, which will require revision of screening
strategies in the post-vaccination era. Two major strategies
for cancer prevention and eradication should be considered
in future guidelines. First, the efficiency of screening should
be improved through HPV DNA tests or new screening tools.
Second, efforts should be made to improve the vaccination
rate and coverage (Fig. 1).
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Fig. 1. Two different strategies against human papillomavirus
(HPV) in the era of HPV vaccination.

Table 1. Human papillomavirus vaccine efficacy in various studies

Effects of HPV vaccination

1. Mechanism: antibodies against major L1 capsid
proteins

The HPV vaccine plays both preventive and treatment roles for
precancerous lesions or cervical cancer. HPV 16/18 E7 antigen-
pulsed dendritic cell vaccination can be used as a treatment
option for invasive cervical cancer [14]. In addition, recurrent
laryngeal papillomatosis is treated successfully by HPV vac-
cination [15,16]. Previous studies have shown that the HPV
vaccine produces HPV-specific antibodies against L1 capsid
proteins into the cervical epithelium [17]. Furthermore, HPV
vaccination induces T-cell responses and antigen-presenting
cells for local cell-mediated immunity, enhancing adaptive im-
munity [18]. The major capsid antigen L1 synthesizes virus-like
particles, which lead to the production of neutralizing anti-
bodies and a humoral response [19].

In the United States, the National Center for Health Statis-
tics reported the impact of vaccination on the prevalence of
HPV in the population by comparing HPV DNA prevalence
in the pre-vaccination era (2003-2006) and vaccination era
(2009-2012). They showed a 64% decrease in the prevalence
of quadrivalent HPV vaccine types [6,11,16,18] in women
aged 14 to 19 years, and a 34% decrease in women aged 20
to 24 years [20].

2. HPV vaccine against high-grade cervical
intraepithelial neoplasia

Clinical trials to evaluate the HPV vaccine against high-grade

cervical intraepithelial lesions, including HPV-023, Patricia,

Costa Rica, Future |, Il, and NCT00543543, reached a consen-

sus result of nearly 100% efficacy (Table 1) [21-26].

Study Number  Age (yr) Study type Type Follow-up  Efficacy (%)

HPV-023 [21] 437 15-25 RCT Bivalent 9.4yr 100.0

Patricia [23] 18,644 15-25 Phase Il RCT Bivalent 34.9 mon 98.2

Cost Rica [22] 7,466 18-25 Phase Il RCT Bivalent 8.4yr 89.8

HPV-P-007 [26] 1,158 16-23 Phase Il randomized double-blind,  Quadrivalent 5yr 100.0
placebo-controlled study

Future |, Il [24] 17,622 16-26 Randomized double-blind placebo-  Quadrivalent 3.7yr 100.0
controlled

NCT00543543 [25] 14,215 16-26 Phase I/l RCT Nonavalent 4yr 96.7

RCT, randomized controlled trial; CIN, cervical intraepithelial neoplasia.

“Efficacy against CIN 2 or more severe lesions.
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The HPV vaccine impact monitoring project (HPV-IMPACT)
in the United States was a sentinel system for monitoring the
impact of HPV vaccination targeting cervical intraepithelial
neoplasia (CIN) 2/3 in 18 to 39-year-old women from 2008
to 2012. The authors reported a decrease in screening rates,
with the largest decreases among 18 and 20-year-olds, as
well as a significant decrease in the incidence of CIN 2+. Nev-
ertheless, an impact of vaccination on declining CIN 2+ was
still demonstrated because the decrease in CIN 2+ was larger
than the decrease in screening [27].

A phase 3 double-blind trial, Females United to Unilaterally
Reduce Endo/Ectocervical Disease, was conducted to estimate
the efficacy of the quadrivalent vaccine against high-grade
cervical lesions. Vaccine efficacy for the prevention of CIN
2/3, adenocarcinoma in situ, or cervical cancer was 98.2%
(95.89% confidence interval [Cl], 86-100) [24].

3. Seroconversion rate after vaccination

HPV vaccination induces seroconversion in nearly all women
who were vaccinated, and titer levels are higher than in wom-
en with seroconversion as a consequence of natural infection
[28,29]. Although natural infection also induces cell-mediated
immunity and protects against the identical HPV type, the se-
roconversion rate is much lower than HPV vaccination; 60%
for HPV 16, 54% for HPV 18, and 69% for HPV 6. Natural
infection results in lower titer levels and a delay of about 1
year for seroconversion compared to HPV vaccination [30].
Although HPV antibodies are sustained for at least 4.5 to 5
years, the sustainability of seropositivity after HPV vaccination
has yet to be established since no long-term follow-up data
are available [31,32].

4. Impact on HPV distribution

In the era of HPV vaccination, a shift in the prevalence of HPV
genotypes is expected. In a German population-based cohort
study, a significant decrease in HPV 16, 18, and 31 was found
among women aged <22 years, compared with women aged
23 to 29 years [33]. Notably, HPV 31 was reduced via cross-
protection. On the other hand, other types not included in
the vaccine such as HPV 51, 53, and 56 occurred at a higher
percentage in vaccinated women.

In Scotland, a national HPV immunization program was
implemented for girls aged 12 and 13 years in 2008, with
90% of all subjects receiving the 3-dose uptake of the biva-
lent vaccine annually. They demonstrated a significant reduc-
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tion in the prevalence of HPV 16 and 18, as well as HPV 31,
33, and 45 from a cross-protective effect. HPV 51 and 56 rose
as most prevalent HPV genotypes among the HPV types not
covered by the vaccine [34]. The Scottish HPV prevalence in
Vaccinated women (SHEVa) study was designed to analyze
the impact of vaccination on the performance of HPV testing
[35]. Using clinically validated HPV assays which target both
DNA and RNA, there was a 23% to 32% reduction of HPV
prevalence in vaccinated women compared to unvaccinated
women following the coverage rate was over 90% in the tar-
get population. The prevalence of high-risk types other than
HPV 16 and 18 was not different between the vaccinated and
unvaccinated groups. However, the prevalence of HPV 16 and
18 significantly decreased by 75%.

Korea

1. HPV prevalence and type distribution in Korea

In a meta-analysis of HPV type distribution between 1995 and
2007 in Korea, the overall HPV prevalence was 23.9% (95%
Cl, 23.8-24.1%) in women with normal cytology compared
t0 95.8% (95% Cl, 95.4-96.2%) in women with cervical
cancer. HPV 16 was the most common type regardless of cer-
vical disease status. In cervical cancer, HPV 16 accounted for
65.1% of cases, followed by HPV 18 (11.9%), HPV 58 (8.6%),
HPV 33 (3.7%), and HPV 52 (3.4%). In high-grade precancer-
ous lesions (CIN 2, 3, and CIS), HPV 58 was the second most
common type (14.1%), while HPV 16 accounted for 40.6%
[36]. Likewise, Lee et al. [37] investigated liquid-based cytolo-
gy, HPV DNA analysis, and cervical biopsies of 2,358 women,
finding that HPV 16 was the most common in any cervical
lesions, normal, CIN and squamous cell carcinoma (SCC) le-
sions. HPV 16 and 58 were the most common in CIN 2/3 pa-
tients and HPV 16, 18, 58, and 33 were common in patients
with SCC.

Recent studies demonstrated that HPV type distribution has
been changing and is different from previous studies, in that
HPV 16 is no longer the most common genotype in Korea.
A retrospective study in 7,014 women who received a health
check-up indicated that the overall positivity for high-risk HPV
was 8.4%; HPV 58 (23.8%) was most common, followed by
HPV 16 (21.8%) and HPV 52 (16.6%). The type most strongly
related to increasing severity of cervical cytology was HPV 56
[38]. In a single-center study of healthy women who received
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a health check-up in 2013, HPV 53 (6.5%) was the most
common HPV genotype, followed by HPV 52 (6.1%) [39]. As
expected, HPV 16 was the most common type in high-grade
CIN lesions. In an analysis of 874 invasive cervical cancer cases
over 47 years (1958-2004), HPV 16 accounted for 63.1%
of cases, followed by HPV 18 (8.5%), HPV 33 (4.5%), HPV
58 (3.9%), and HPV 31 (3.0%) [40]. Continued monitoring
of the shift in prevalence and distribution of HPV genotypes
should continue as vaccination increases.

2. Korean guidelines for cervical cancer screening

The well-established national cancer screening program in
Korea has led to 71% and 66% reduced risk of invasive can-
cer and carcinoma in situ compared to unscreened patients,
respectively [41]. The distribution of age at cervical cancer
diagnosis has been shifting, and revised guidelines regard-
ing the timing for cervical cancer screening have been newly
implemented in various organizations [42-44]. Moreover,
cervical cancer is definitively influenced by HPV infection,
and HPV tests have emerged as important screening tools
for precancerous lesions and cervical cancer. Therefore, the
practice guidelines for the early detection of cervical cancer by
Korean Society of Gynecologic Oncology recommended the
HPV DNA test in combination with a cervical cytology test is
recommended for women aged >30 years old. The screening
interval can be extended to 2 years if both tests are negative
[45]. Because the mortality of cervical cancer in Korea and

Number of vaccination

. 14,657 38,702 42,381 15,015 18,288
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other countries increases with age, the recommendation was
made to end cervical cancer screening after the age of 74 [46].
Within the guidelines, no special considerations were speci-
fied for HPV-vaccinated women.

3. HPV vaccination rate in Korea in the present and
future

The Korean National Immunization Program (NIP) for HPV was
first implemented in June 2016 for girls 11-12 years of age
with a 2-dose schedule. Of the 464,932 total subjects aged
11-12 years, 232,303 (50.0%) girls initiated vaccination in
the first year of the NIP, especially during the vacation period
of July (8.3%), August (9.1%), and December (16.6%) (Fig.
2). Initiation of vaccination rates of girls born in 2004 were
86.3% in Gokseong, a county in South Jeolla, with a highly
cooperative public health center and school-based vaccina-
tion program [47]. Regional disparities in HPV vaccination rate
were reported as a maximum of 11% points up to June 2017
[48]. The greatest success was found when public health cen-
ters contacted the parents of girls, and they subsequently en-
couraged children to participate in the vaccination program.
Educational newsletters handed out at school also helped
enhance the vaccination rate in certain counties. In spite of
these efforts, according to the latest analysis in June 2017,
nationwide initiation rates were only 35.7% among girls born
in 2004 and 2005 [49].

Fig. 2. The monthly number of
human papillomavirus vaccination
rates in 2016. The data contained
only from June to December be-
cause the Korean National Immu-
nization Program for HPV was first
implemented in June 2016 for girls
11-12 years of age with a 2-dose
schedule. The vaccination rates were
relatively higher during vacation pe-
riod (July, August, and December).

25,837 77,423
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4. Future strategies

Although various randomized controlled trials around the
world have described the efficacy and impacts of HPV vac-
cination, the complete effect on future strategies for the
prevention of cervical cancer remains undefined. Because the
oncogenesis of HPV infection is slow progression from CIN to
cervical cancer, it will take decades to thoroughly analyze the
effects of vaccination on the prevalence of HPV and incidence
of cervical cancer. In terms of immunology, the long-term ef-
fects of seropositivity and clinical protection following HPV
vaccination should be studied with more vaccinated women,
although antibody responses to HPV vaccination have been
observed in previous studies [26].

1) The need for cervical cancer screening
As shown in a German population-based study, there has
been a shift in the distribution of HPV types that are not in-
cluded in the vaccine in the post-HPV vaccination era [33].
Vaccination for HPV 16/18 had a cross-protective effect
against 4 non-vaccine HPV types (HPV 31, 33, 45, and 51) in
the randomized, double-blind trial [50]. Induced cross-reactive
T-cells and specific antibodies to other HPV genotypes not
included in the quadrivalent HPV vaccine, such as HPV 31,
33, and 45, have been demonstrated in previous studies, and
the prevalence of HPV 31, 33, and 45 is also declining [51].
Debates continue on whether the bivalent HPV vaccine is
cross-protective against HPV 6 and HPV 11 [52-54]. For these
reasons, screening for HPV DNA s still important for the time
being, because none of the currently available vaccines has
been proven to provide complete protection against all high-
risk HPV genotypes.

As described above, there was a 75% reduction of HPV 16
and 18 in Scotland following a national vaccination program
with a coverage rate of over 90% [35]. Nevertheless, other
high-risk HPV types were prevalent in vaccinated women with
low grade cervical lesions. The phenomenon of increasing
non-HPV 16/18 genotypes highlights the importance of utiliz-
ing different HPV detection strategies in women who have
been vaccinated and those who are unvaccinated. However,
in a recent randomized trial evaluating type replacement after
HPV vaccination, HPV type replacement did not occur in vac-
cinated population within 4 years, and the authors predicted
that it was unlikely to occur in vaccinated populations [55].
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2) Reassessment of HPV screening initiation age and
intervals (distinguishing between vaccinated and
unvaccinated women)

Since HPV 16 and 18 positivity is expected to decline rapidly
over the decades following implementation of a national
immunization program, specific screening protocols and in-
tervals should be implemented for vaccinated groups. There
have been some studies about the correlation between HPV
vaccination and changes in cervical cancer screening rates,
although none have focused on Korea. In spite of concerns
that women who have been vaccinated would be less likely
to seek out cervical cancer screening, women who received
the HPV vaccine more often received cervical cancer screening
than those who had not been vaccinated [56,57]. Research
on awareness of cervical cancer screening for women who
have been vaccinated is needed in Korea, as well as a serious
discussion about strategies to induce unvaccinated women to
seek screening.

In the era of vaccination, we should provide different strat-
egies for cervical cancer screening. HPV 16 and 18 are ex-
pected to nearly disappear; as a consequence, the positivity of
screening tests would be lower than 30% [58]. Furthermore,
the prevalence of lesions more advanced than severe dysplasia
would also be reduced more than half, making screening less
predictive and decreasing the benefit-harm ratio [59]. Cervical
cancer caused by HPV types other than HPV 16 and 18 ap-
pears at a median of 5 years later than that caused by HPV 16
and 18. In particular, short term persistence of HPV 16 infec-
tion more strongly predicts a subsequent moderate dysplasia
or more advanced pathology compared to other HPV geno-
types [60]. Although there are not enough data to suggest
revised recommendations other than older initial screening
age and extended screening intervals, one option would be
routine screening with HPV testing at 30, 45, and 60 years of
age for women who were fully vaccinated before first sexual
contact [61]. It would be more efficient to provide separate
screening guidelines for vaccinated and unvaccinated women.
In Italy, primary HPV screening is recommended starting at 30
years and at 5-year intervals for vaccinated women who were
vaccinated in 2007/2008 and became 25 years old in 2017
[62]. An optimal cervical cancer screening model for women
who have been vaccinated with all 3 doses was proposed in
2017 from a US model based-analysis of benefits and costs.
They suggested that screening could be modified to start later
with decreased frequency, with either cervical cytology or HPV
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testing alone every 5 years starting at age 25 or 30, and only
primary HPV testing recommended every 10 years starting at
age 30 or 35 for women vaccinated with the nonavalent vac-
cine [63].

3) Shift in screening from cytology or cytology/HPV to
HPV alone

In April 2014, an HPV DNA test was approved as a primary
screening tool by the Food and Drug Administration. Nev-
ertheless, further investigation is needed to evaluate the ef-
ficacy of using only an HPV DNA test and the adverse effects
of increased false-positivity. The issues of the primary HPV
screening test are to distinguish high-risk HPV positive with
>CIN 2 from patients with transient positivity. There will be an
increase in false positivity due to high-risk HPV infection with-
out >CIN 2. As the number of patient with transient high-risk
HPV infection increases, unnecessary follow-up and cost bur-
dens will be a problem to be solved [64]. The positive predic-
tive value of cervical cytology for cervical cancer screening is
expected to decrease along with the incidence of precancer-
ous or cancerous lesions in the cervix after implementation of
the NIP of HPV. Normal cervical cytology will correspondingly
increase, leading to an increase in false negative results and
a decrease in the sensitivity of cytology, further reducing the
value of cytology as screening tool [65,66]. However, endocer-
vical adenocarcinoma with gastric type in which the HPV was
rarely detected could be a potential pitfall of HPV vaccination
and HPV DNA testing although the incidence was low [67].

A retrospective population-based cohort study documented
the effect of HPV vaccination on abnormal cervical cytology in
women born between 1988 and 1993, using data from the
Scottish Cervical Screening Program [68]. The authors observed
a significant reduction in positive predictive value and abnormal
predictive values for detecting CIN 2+ in vaccinated women, as
well as a significant reduction in abnormal cytology.

4) New screening tools
New screening tools are an alternative in the context of a
lower prevalence of HPV-positive tests and related abnormal
cytology of the cervix. Although various new tools have been
proposed with more specific markers, additional verification
and certification are needed before commercialization. First,
HPV E6 protein detection is more specific than the HPV DNA
test for high-grade cervical lesions, and so far at a lower cost.
This test targets HPV 16, 18, and 45 and has the greatest
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positive values for detecting severe dysplasia or more severe
lesions compared to high-risk HPV DNA testing [69,70]. Sec-
ond, p16™* immunohistochemistry is useful for identifying
moderate dysplasia or more severe lesions in high-risk HPV-
positive women [71]. In a study of the endpoint of moderate
dysplasia or more severe lesions in HPV-positive women, the
sensitivity of p16™“* immunohistochemistry was 88% (81 of
92; 95% Cl, 80-94) and specificity was 61% (633 of 1,045;
95% Cl, 57-64) without an increase in the implementation
of colposcopy [72]. Finally, p16/Ki-67 dual-stained cytology
is more sensitive than Pap cytology for detecting high-grade
CIN. Even with normal cytology, p16/Ki-67 dual-stained cytol-
ogy detected more than two-thirds of severe dysplasia lesions
in women with high-risk HPV and helped select colposcopy
referral patients [73-75].

5) How to increase vaccination coverage levels (i.e.,
school-based vaccination)

Because 2 doses of the HPV vaccine provided more compli-
ance than 3 doses, 2 doses tended to increase the rate of
vaccination completion. In a combined analysis of data from
the Costa Rica Vaccine and PATRICIA trials, the efficacy of
2 dose-vaccination was evaluated. Both 3 doses and fewer
than 3 doses of bivalent vaccine showed comparable efficacy
4 years following vaccination of women between 15 and 25
years old. Cross-protective activity against HPV 31, 33, and
45 was obtained only for cases in which the interval of the 2
doses was 6 months [76]. In a cluster-randomized trial, the
vaccination coverage rate was increased by education deliv-
ered to mothers of adolescent daughters [77]. In addition, the
vaccination and completion rate was improved by consistent
recommendations from health care providers [78]. Social ef-
forts such as educating providers and clinic-specific feedback
to encourage patients will increase vaccination rates.

Conclusion

To eradicate cervical cancer in an era when HPV infection
and related diseases rarely occur, screening methods must
account for vaccine programs. Primary HPV DNA tests will be
substituted for conventional Pap smears in screening tests, al-
lowing Pap smears to be applied only to HPV-positive women.
Education of patients and providers, an effective vaccination
program to increase vaccine coverage rate, and school-based
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encouragement can help eliminate HPV-related disease and
invasive cervical cancer.

In Korea, a national immunization program has been imple-
mented since 2016, and strategies to further increase the
vaccination rate should involve the government, schools,
and parents. Because HPV vaccines do not cover all types of
high-risk HPV, screening for precancerous lesions and cervi-
cal cancer will not be eliminated. In the decades following
a national HPV vaccine program with a high coverage rate,
existing screening strategies based on primary cytology such
as Pap smear should be reviewed, because the low prevalence
of abnormal cytology of the cervix will make screening less
cost-effective and inefficient. Primary HPV testing will play
an important role as a screening test and cytology should be
reserved for women with an HPV positive test. In addition, re-
assessment of HPV screening initiation age and intervals that
distinguish vaccinated women from unvaccinated women
should be discussed in the near future.
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