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A B S T R A C T

Persistent infections with specific high-risk human papillomavirus (HR-HPV) strains are the leading cause of
cervical cancer and precancerous lesions. HPV-16 and HPV-18 are associated with more than 70% of cervical
cancer. However, with recent widespread vaccination efforts against cervical cancer, the infection rates of HPV-16
and HPV-18 have decreased across all age groups, while the infection rates of other HR-HPV strains have
increased. The non-16/18 HR-HPV strains play an important role in cervical lesions. These strains can be iden-
tified with extended genotyping, and the 2019 American Society for Colposcopy and Cervical Pathology (ASCCP)
guidelines recommended an HPV-based testing to assess the risk of cervical disease in patients. We reviewed and
analyzed the clinical benefits of applying extended HR-HPV genotyping, which was published by the International
Agency for Research on Cancer (HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), to cervical cancer
screening. This review concluded that cervical cancer screening needs to include extended HR-HPV genotyping.
The examination of extended HR-HPV genotyping in cervical intraepithelial lesions and cervical cancers can help
guide clinical practices.
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1. Introduction

Cervical cancer is the fourth most common malignant tumor after
breast cancer, colorectal cancer, and lung cancer, threating the health of
women worldwide.1 Persistent infections by specific high-risk human
papillomavirus (HR-HPV) strains are the leading cause of cervical cancer
and precancerous lesions.2 The International Agency for Research on
Cancer (IARC) published genotyping results of 14 HR-HPV strains: 16,
18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68. Among them,
HPV-16 is the most common type of HR-HPV followed by HPV-31 and
HPV-18,3,4 and more than 50% of cervical intraepithelial neoplasia grade
3 or higher (CIN3þ) lesions are related to HPV-16 infection.5 Moreover,
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HPV-16 and HPV-18 are reportedly related to more than 70% of cervical
cancer cases; thus, the research on HPV-16 and HPV-18 strains is the
most extensive.6

The type-specific HPV prevalence in women with and without cer-
vical lesions in the World were gathered from specific databases created
at the Institute Catalan Oncology (ICO) and the IARC were shown in
Fig. 1 (Available from: www.hpvcentre.net). With the implementation of
the global HPV vaccination program, the proportion of HPV-16/18 in-
fections has gradually decreased, while that of infections with other high-
risk genotypes, such as HPV-52 and HPV-58, has relatively increased.7,8

In high-grade cervical lesions, HR-HPV genotypes, such as 31, 33, 52, and
58, are more common than 18.9,10 A certain degree of inconsistency is
spital of Fujian Medical University, 18 Daoshan Road, Fuzhou, 350001, Fujian,
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Fig. 1. Comparison of the ten most frequent human papillomavirus (HPV) oncogenic types in the World among women with and without cervical lesions. HPV-related
statistics were gathered from specific databases created at the Institute Catalan Oncology (ICO) and the International Agency for Research on Cancer (IARC). Available
from: www.hpvcentre.net.
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associated with existing screening strategies, such as the sensitivity of
cytological or HPV detection technology, may increase the risk of missed
diagnosis as well as heavy burden on outpatients.11 At the same time,
long-term follow-up increases patient anxiety about cervical cancer, and
therefore extended HR-HPV genotyping plays an important role in cer-
vical cancer screening.12 Consequently, risk evaluation, treatment, and
prognosis of HR-HPV infections with these genotypes and further strat-
ification of extended HR-HPV genotyping is needed. In this review, we
analyzed the clinical benefits of applying extended HR-HPV genotyping
to cervical cancer screening. Risk stratification based on extended
HR-HPV genotyping will help guide future clinical work.

2. Cervical cancer screening needs to include extended HR-HPV
genotyping

HR-HPV genotypes have different distribution patterns in different
countries and research populations.13,14 HPV-52, HPV-16, HPV-58, and
Fig. 2. Comparison of the ten most frequent HPV oncogenic types in China among
from ICO/IARC HPV Information Centre: www.hpvcentre.net.
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HPV-18 are likely the most common HPV genotypes in Asian countries.15

Type-specific HPV prevalence also varies in women with normal cervical
cytology, precancerous cervical lesions and invasive cervical cancer in
China. The HPV-related statistics were gathered from ICO/IARC were
shown in Fig. 2. According to the distribution of the top 10 HPV geno-
types associated with cervical cancer in China, released by the World
Health Organization (WHO)/ICO (Global HPV Information Center), we
found that the most common pathogenic HR-HPV genotypes in the Chi-
nese population are HPV-16, HPV-52, HPV-58, HPV-33, HPV-18, and
HPV-31. The widespread use of the HPV vaccine has changed the pro-
portion of HPV-16 and HPV-18 infections in this population. Other HPV
subtypes, such as HPV-31, HPV-33, HPV-52, and HPV-58, are more
common than HPV-18 in high-grade cervical lesions.16–18 In addition,
HPV-52 and HPV-58 are also commonly occurring genotypes and have a
strong correlation with the occurrence and development of cervical
cancer.19,20 Therefore, the expansion of HR-HPV genotyping is worthy of
close attention. Based on our research on the Fujian population in China,
women with and without cervical lesions. HPV-related statistics were available
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Sun et al.21 concluded that the cumulative risk of cervical lesions caused
by the HR-HPV genotype infections varies in different grades of cervical
lesions (low-grade cervical squamous intraepithelial lesions (LSIL),
high-grade cervical squamous intraepithelial lesions (HSIL), and cervical
cancer) (Fig. 3); further, the top five most common HPV infection ge-
notypes in patients of different ages are different (Fig. 4). Here we
summarize concrete data from several studies to address better risk
prediction and clinical management by extended HR-HPV genotyping.

3. Risk assessment of cervical lesions based on HR-HPV infection
in patients with abnormal cytology

In 2015, the Society of Gynecologic Oncology and the American So-
ciety for Colposcopy and Cervical Pathology (ASCCP) recommended
primary HR-HPV screening in patients aged �25 years and cytological
risk division for non-16/18 HR-HPV-positive women.22 Therefore, clin-
ical researchers have determined the effects of different HPV genotypes
on cervical lesions through large-scale epidemiological research on cer-
vical cancer and have established risk classifications based on HR-HPV
genotypes; notably, HPV-31, HPV-33, HPV-52, and HPV-58 may lead
to a higher probability of HSIL occurrence.23,24 Ruan et al.25 evaluated
four cervical cancer screening strategies in 10,183 women in the Fujian
Cervical Lesions Screening Cohort, considering CIN2þ and CIN3þ le-
sions as observation endpoints. They found that when HR-HPV was used
for primary screening, HPV-positive women in group alpha 9 (HPV-16,
Fig. 3. Cumulative occurred risk of cervical lesions caused by different types of HR-HP
pathologically diagnosed (A) CIN1; (B) CIN2; (C) CIN3; and (D) invasive cervical ca

24
-31, -33, -35, -52, and -58) were examined directly by colposcopy, while
the HPV-positive women in the non-alpha 9 group were triaged by
cytology. The sensitivity of the modified strategy to detect CIN3þ lesions
was the highest at 89.85%, which may be a suitable strategy for cervical
cancer screening in Chinese women. Based on a follow-up study of four
European randomized controlled trials, Ronco et al.26 suggested that HPV
screening can improve the prevention of invasive cervical cancer by
60%–70% compared with cytology. Several important clinical trials on
cervical cancer screening, such as ATHENA and Kaiser Permanente tri-
als,27,28 also proved the significance of HPV detection as a primary
screening method. In 2019, the ASCCP guidelines approved the use of
HPV genotyping for risk assessment. A "risk-based" treatment approach is
proposed through either HPV screening alone or HPV and cytology
co-test.29 More frequent monitoring, colposcopy, and treatment are rec-
ommended for those with a CIN3þ risk of more than 4.0%, as determined
by previous screening and current test results. For patients at lower risk,
colposcopy can be postponed and follow-up interval may be increased;
when the risk is low enough, they may return to routine screening30

(Fig. 5). The research results shown in Table 1 support the use of specific
HR-HPV genotyping to improve the triage management of cytology in
ASC-US and LSIL. Nakamura et al.43 found that among women with LSIL,
determined by cytology, those who test negative for
HPV-16/18/31/33/35/45/52/58 may not need immediate colposcopy
and biopsy, leading to a reduction in the number of referrals for col-
poscopy by about 40%. This may greatly reduce the over treatment rate
V infection. Cumulative occurred risk of each HR-HPV genotype in patients with
ncer. Abbreviations: CIN, Cervical intraepithelial neoplasia.
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Fig. 4. The top five HPV genotypes in different ages of patients with pathologically diagnosed (A) NILM; (B) LSIL; (C) HSIL; and (D) invasive cervical cancer. Ab-
breviations: NILM, Negative for intraepithelial lesions or malignancies; LSILs, Low-grade cervical squamous intraepithelial lesions; HSILs, High-grade squamous
intraepithelial lesions.
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and improve the effectiveness of triage management. Therefore, primary
screening and triage of cervical lesions through extended HR-HPV gen-
otyping combined with cytology could precisely stratify the risk of cer-
vical lesion, greatly improve the detection rate of cervical precancerous
lesions, and thereby achieve more accurate colposcopy referral
recommendations.

To date, most primary cervical screening guidelines do not recom-
mend extended HR-HPV genotyping, although in some countries, HPV-
16 and HPV-18 genotyping are used for cervical cancer triage. Howev-
er, it is well known that extended HR-HPV genotyping helps to verify the
persistence of specific HR-HPV types that are associated with a higher
risk of developing CIN2þ lesions. In addition, HR-HPV genotyping in-
formation is needed to evaluate the epidemiological distribution of HR-
HPV types in specific areas as well as the impact of local HPV vaccina-
tion activities, so as to generate scientific and epidemiological knowledge
that would be helpful in formulating new cervical cancer screening
policies.

4. Role of HR-HPV in cervical lesions after treatment

HPV-positivity is the strongest predictor of disease recurrence and
progression. Zhang et al.44 used the extended HR-HPV genotyping to
predict residual and recurrent CIN2þ in patients after treatment. After a
4-year follow-up, the cumulative incidence risk and hazard ratio (HR) of
persistent type-specific HR-HPV infections were the highest. Patients
with both pre- and post-operative CIN2þ and CIN3þ lesions showed a
higher proportion of HPV-16 infection, while the infection rate of
HPV-52/58 was higher than that of HPV-18 both before and after oper-
ation. Interestingly, HPV-53 ranked fifth in terms of the proportion of
post-operative CIN2þ and CIN3þ infections. An observational cohort
study by Padalko et al.45 on the potential etiological association between
HPV-53 infection and HSIL development revealed that HPV-53 lacks
carcinogenic potential. As multiple type infections are very common,
specific HPV type infections may depend on the simultaneous existence
of other HPV types. Therefore, further research is needed to determine
the synergy between different HPV genotypes in multiple infections.
With CIN2þ and CIN3þ as follow-up endpoints, specific HPV genotyping
has a higher sensitivity (84.62%/89.28%) than cytological detection
25
methods (60.42%/62.16%). The follow-up values of specific HR-HPV
genotypes can provide reliable clinical reference for patients with
CIN2þ lesions after operation.44 Through a population-based retrospec-
tive cohort study, Dong et al.46 analyzed the clinical benefits of applying
extended HR-HPV genotyping to cervical cancer screening in China and
concluded that the introduction of extended HR-HPV genotyping plans
improved the early detection of CIN2þ lesions without increasing the
cost, which may accelerate the elimination of cervical cancer in China
and improve the triage strategy of ASCCP that was proposed in 2019.

5. Risk assessment of cervical lesions based on HR-HPV load

The relationship between HPV load and cervical lesions is still
controversial. Hesselink et al.47 found that the viral load of
HPV-16/18/31/33 has no additive value to stratify the risk of CIN2þ or
CIN3þ in a population-based cervical screening cohort. However,
HR-HPV load in cervical lesions may be as important as persistent HPV
infection.48 Evaluating specific HR-HPV genotype load in initial cyto-
logical samples can be a tool for identifying disease progression in
high-risk patients. The viral load of specific HR-HPV genotypes was
positively correlated with abnormal cytology.49 According to a study by
Wu et al.,50 the HPV-16 load increases with the progression of cervical
lesion grade, which plays a dominant role in cervical cancer. While
HPV-18 load was low in the precancerous stage, it showed an upward
trend in cancer. Interestingly, the other HR-HPV genotypes showed an
inverse trend than that of HPV-18.50 Similar results were reported that
the increase in HPV-16 load alone is associated with the risk of CIN2þ.51

For women with a normal cytological diagnosis, ASC-US, or LSIL, in-
crease in HPV load was significantly correlated with the risk of CIN2/3
development.52 The cumulative risk of CIN2/3 occurrence increased
with an increase in one unit of HPV-31, HPV-35, HPV-52, and HPV-58
loads. This correlation was slightly significant for HPV-33 and HPV-45
but not others.52 After following up with women aged �20 years in
Fujian Province for more than four years, Dong et al.53 confirmed the
value of HR-HPV genotyping combined with quantitative detection in
cervical lesion screening. They found that HPV-16/31/33/52/58 loads
positively correlated with the severity of cervical lesions. The higher the
viral load, the higher the risk of HSIL. Notably, HPV-18/45/56/59 and



Fig. 5. Determining suggested management based on calculated risk. The risk-action thresholds were established through clinical trials, high quality observational
studies, and medical record data. According to the current test results and prior history (HPV and cytology, biomarkers, screening history, vaccination data, and other
variables), the risk of CIN2þ/CIN3þ was calculated, a "risk-based" recommendation is proposed to determine the management on patients. Images were made in
BioRender (Biorender.com).
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other HR-HPV genotype loads were not found to be related to the grade
of cervical lesions. These results support the use of viral load for triage of
non-16/18 HR-HPV-positive women, especially alpha 9-positive women.
This extended HR-HPV genotyping, combined with quantitative detec-
tion, is expected to become a new objective screening model independent
of cytological triage. The optimal viral load of specific genotypes can be
used as the clinical cutoff value for screening cervical lesions (�HSIL),
which could improve the specificity of screening, reduce missed di-
agnoses or misdiagnoses, and save medical resources.

6. Role of HR-HPV load in cervical lesions after treatment

Kang et al.54 conducted a study to determine the prognostic signifi-
cance of HPV load in cervical cancer patients (stage IB-IIA) undergoing
radical hysterectomy; the results show that HPV load may not be helpful
in predicting disease prognosis. However, by evaluating the predictive
value of pre-operative HR-HPV loads in recurrent or residual cervical
lesions after treatment of high-grade cervical lesions, Chen et al.55 found
26
that except for HPV-31/33, patients with high pre-operative
HR-HPV-16/52/58 loads had significantly increased risk of residual
cervical lesions. The possible reason for this result may be variation in the
distribution of HPV genotypes in different regions and populations and
likely effects of patient's age, fertility, the degree of cervical lesions,
habits such as smoking, or treatment approach. The optimal cutoff value
of HR-HPV load was set at 5.22 copies/10,000 cells (transformed by
log10). The sensitivity of predicting residual lesions was 84.2% with a
specificity of 77.0%, and it was inferred that these patients require more
active treatment and follow-up strategies. However, considering that this
is a single-center study, additional multicenter studies are necessary to
continually assess the HPV loads for six months post-treatment. Never-
theless, this study has significance as a reference for the post-operative
follow-up of patients. Thus, pre-operative HR-HPV loads are related to
post-operative residual high-grade cervical lesions. This can be used to
predict the occurrence of post-operative residual high-grade cervical le-
sions and further improve post-operative management. In low-resource
areas lacking access to cytological screening methods, the application

http://Biorender.com


Table 1
Studies of the extended HR-HPV genotyping on risk stratification for cervical
cancer and precursors.

Reference Country Research
design

Cases Results Follow-
up

31 Sweden prospective
nested case-
control

1226 The risk of
cervical
squamous cell
carcinoma
tripled within 7
years in patients
who initially
tested positive
for non-16/18
HR-HPV than
that for the HPV
negative
women.

7 years

32 Sweden prospective
multicenter
study

5696 HPV-31 and
HPV-33 positive
women had a
higher risk of
CIN2þ than
HPV-18 positive
women.

4.1
years

33 USA prospective
multicenter
study

27,037 HPV-16 and 31
have the highest
risk of CIN2þ
and CIN3þ, and
are most
common in
CIN2þ and
CIN3þ cases.
HPV-18, 33/58
and 52
constitute the
intermediate
risk range, and
45, 51, 35/39/
68 and 56/59/
66 have the
lowest risk.

3 years

34 USA prospective
cohort study

167 The cytology in
LSILs, patients
with HPV-31,
HPV-39, and
HPV-52
infections had a
high incidence
of HSILs.

20–46
months

35 Korea retrospective
study

1102 HPV-31/33/35/
45/52/58
genotypes are
more likely to
develop into
HSIL or cervical
cancer.

30
months

5 USA prospective
multicenter
study

2807 When
cytological
examination
results showed
ASC-US or LSILs
at baseline, HPV-
16 had the
highest risk of
CIN2þ, HPV-31,
HPV-18, HPV-
33/58, HPV-51,
and HPV-52
were in the
middle risk
range, and HPV-
35/39/68, HPV-
45, and HPV-56/
59/66 had the
lowest risk of
CIN2þ.

3 years

Table 1 (continued )

Reference Country Research
design

Cases Results Follow-
up

36 China retrospective
study

902 Women with
cytological LSIL
combined with
HR-HPV-16/18/
31/33/52/58
positive results
should be
recommended
for colposcopy.

3 years

37 Denmark prospective
cohort study

8656 The risk
associated with
HPV-16 was the
highest to
develop into
CIN3þ, followed
by HPV-18,
HPV-33, and
HPV-31.

12
years

38 Turkey retrospective
study

179 HPV-31 has the
highest risk of
developing
CIN2þ among
non-16/18 HPV
genotypes.

2 years

39 Thailand cross-sectional
study

5433 The detection
rate of HSIL þ
could be
increased by
adding HPV-52/
58 or HPV-31/
52/58
genotyping to
HPV-16/18
genotyping.

7
months

40 China cross-sectional
study

3997 HPV-16/18/33/
52/58 showed a
high sensitivity
and specificity in
detecting CIN2þ
in ASCUS
patients.

2
months

41 China prospective
observational
study

19207 HPV-16/18/31/
33/52/58
genotype
positive patients
have a high risk
of CIN2þ.

3 years

42 Japan prospective
cohort study

570 Women with
cytological LSIL
and histological
CIN1-2 lesions,
the cumulative
probability of
developing CIN
3 within 5 years
was 20.5% for
HPV16, 18, 31,
33, 35, 52, and
58.

39.1
months
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of appropriate viral load cutoff values can be used as an effective triage
tool to diagnose non-16/18 HR-HPV-positive women. Moreover, geno-
typing combined with viral load measurement would provide a more
accurate reference value for the potential application of viral load mea-
surement to improve the specificity of detection in cervical cancer
screenings in the future.

7. Limitations of HR-HPV detection in cancer screening

Although the effectiveness of HR-HPV genotyping detection has been
proven by clinical trials, it has its limitations. The systematic evaluation
of 777 cervical cancer tissues from multiple cancer registries in the
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United States revealed that HPV DNA was detected in 91% of cases; in
other words, nearly 10% of cervical cancer patients are negative for
HPV.56 Moreover, approximately 37% of patients with cervical adeno-
carcinoma worldwide are HPV-negative.56 Consistent with these results,
a national multicenter retrospective study by Chen et al.57 evaluating the
correlation between HPV prevalence and cervical adenocarcinoma in
China. The result shown that the infection rate of HPV in cervical
adenocarcinoma (n¼718) was 74.5%, indicating that that classical cer-
vical adenocarcinoma is not always associated with HR-HPV. Moreover,
HR-HPV status was mostly negative for special pathological types (min-
imal deviation adenocarcinoma, clear-cell adenocarcinoma, serous
adenocarcinoma, endometrioid adenocarcinoma) of cervical adenocar-
cinoma. Their etiology is in dispute. The false negatives may arise due to
factors such as latent HPV infection, histological misclassification,
non-high risk HPV infection, disruption of the targeting fragment, and
HPV testing methods.58–62 Therefore, we strongly believe that HR-HPV
infection is an important pathogenic factor, albeit not the only one, for
cervical cancer. According to the management guidelines updated by
ASCCP in 2019, the triage of screening patients was changed from
results-based management to risk-based management.63 The results of
cytological examination still play an important role in the evaluation of
risk models.

8. Conclusions

Cervical cancer screening strategies are changing from cytology
screenings, cytology combined with HPV screenings to risk-based man-
agement strategies determined by HPV-based testing. Thus, HPV vacci-
nation will greatly affect the performance of existing screening methods
(which yield poor results based on cytological and non-genotyped HPV
testing), and HPV genotyping needs to be expanded and incorporated
into cervical cancer screenings in the future. Several studies have shown
that HPV-positivity, which only indicates positive infection status, does
not necessarily indicate pathological changes. We should predict risks by
expanding the classifications and actively checking for pathological
changes. Extended HR-HPV genotyping and quantitative detection may
provide guidance for women with ASC-US and LSIL in treatment and
follow-up decision-making. A series of clinical studies have shown that,
due to the differences in ages and geographical distributions of HPV-
infected patients, extended HR-HPV genotyping, quantitative detection,
and risk stratification of HR-HPV strains could enable clinicians to
identify the type of infection during a follow-up and fully assess the risks
of CIN3þ or cervical cancer development. Risk stratification allows
suitable recommendations for colposcopies and treatments to women
with the highest risk of cervical diseases, while women with the lowest
risk of pathological changes should be re-examined at short intervals; this
would more effectively utilize health care resources, avoid missed di-
agnoses or misdiagnoses, and reduce patients' psychological anxiety. This
review confirms the value of HR-HPV testing in cervical cancer screening
while acknowledging the limitations of HPV testing and the shortcom-
ings of research evidence. In the future we should implement further
exploratory research, determine more accurate guidelines for clinical
action thresholds, and strive to identify the indications for the applica-
tion of various testing methods for different populations, especially in
areas with inadequate cervical cancer screening conditions.
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