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ABSTRACT

Infection with high-risk human papillomavirus (HPV) increases the likelihood of developing cervical cancer (CC). A plethora of 
cellular processes is required to produce pre-malignant lesions, which in turn may become malignant if left untreated. Those 
changes are induced by viral oncoproteins, which represent an ideal target to identify the viral presence, or by some particu-
larities of the host that ultimately promote the establishment of CC. This article describes the different methods used for HPV 
detection and quantification, as well as the current trend of secondary screening approaches to detect premalignant lesions 
and CC. In addition, we analyzed validated biomarkers and those under clinical investigation for the classification (triage) of 
women at risk of developing CC after an initial positive HPV test and that could be used as prognostic biomarkers for CC. The 
use of molecular biomarkers, together with the detection of HPV DNA sequences, provides a high impact diagnostic and prog-
nostic tool in the detection of patients at increased risk of developing CC and also may guide their clinical management. In 
addition, some of those biomarkers could represent pharmacological targets for the future design of therapeutic approaches 
to CC treatment. (REV INVEST CLIN. 2020;72(4):198-212)
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INTRODUCTION

The relationship between the presence of human pap-
illomavirus (HPV) and cervical cancer (CC) is clearly 
established1. HPVs that infect the genital epithelium 
are classified according to their oncogenic potential as 
high-risk (HR) and low-risk (LR) HPVs. Among the HR 
types, 12 HPV genotypes are classified as type I car-
cinogens, including HPV16, 18, 31, 33, 35, 39, 45, 51, 
52, 56, 58, and 59; as a probable carcinogen, HPV68; 
and as possible carcinogens, HPV26, 53, 66, 67, 70, 
73 and 822,3. Worldwide, the prevalence of HPV infec-
tion in women with no cervix abnormalities is 11-12%, 
while the prevalence in Latin America is 16%4. Age-
specific HPV distribution exhibits a peak at young ages 
and a rebound at older ages in the Americas and Af-
rica. The most prevalent HPV genotypes are HPV16 
(3.2%), HPV18 (1.4%), HPV52 (0.9%), HPV31 (0.8%), 
and HPV58 (0.7%)5. Importantly, the two most up-to-
date previous studies based on large populations in 
Mexico have reported HR-HPV specific prevalence es-
timates between 11% and 13%6,7. A recent study de-
termined the presence of HR-HPV in Mexican women 
from 20 different states, establishing prevalence of 
24.78% of HR-HPV in Mexico, where types 16, 31, 51, 
and 18 were the most frequent, with 4.13%, 4.12%, 
3.39%, and 1.7%, respectively8.

The risk of developing premalignant lesions is associ-
ated with persistent infection with HR-HPV types, the 
most prevalent being types 16 and 18. HPV16 per-
sistent infection is usually associated with faster pro-
gression to premalignant lesions of the cervix and 
invasive CC9. Nearly 73% of invasive CCs are associ-
ated with the HPV16 and 18 types, albeit more fre-
quently with HPV16 (57%), followed by HPV18 
(16%). This association has been reported in 70-76% 
of invasive CCs in different regions of the world10. 

Estimates suggest that over 50% of young women 
after their first sexual encounter become infected 
with HPV as do more than 80% of women throughout 
their lives. However, in about 90%, infections are 
spontaneously eliminated over a period ranging from 
6 months to up to 3 years, while 10% remain persis-
tently infected and <1% will develop cancer, largely 
due to a failure in the immune response11,12.

In this article, we review the evidence on the methods 
for HPV detection and quantification, as well as 

validated biomarkers and those under clinical investi-
gation for the classification (triage) of women at risk 
of developing CC after an initial positive HPV test.

A systematic literature search led by the population, 
intervention, control, and outcomes (PICO) question 
was conducted to identify articles covering HPV diag-
nosis, biomarkers for triage, and CC screening. From 
this question, a search in the MEDLINE database was 
performed through the PubMed database browser 
with the combination of the following terms: “HPV,” 
“molecular marker,” “diagnosis,” “triage,” “uterine cer-
vical neoplasm,” “cervical intraepithelial neoplasia 
(CIN),” and “CC.” The search was limited to the stud-
ies published in the past 15 years to ensure the most 
updated collection of scientific evidence. The search 
was performed with the restriction of the language of 
full text to English.

The scope of computerized literature search was ex-
panded according to the reference lists of retrieved 
articles. Original articles were screened manually by 
four independent reviewers (KTP, PPS, VVR, and JMM). 
If the full text of an article was not available online to 
perform the screening, we proceeded to contact the 
first author of the article by e-mail requesting a copy 
of their work to ensure that relevant studies were not 
lost.

The synthesis of the information was done consider-
ing the quality of the evidence through the GRADE 
system, and recommendations were formulated ac-
cording to their strength of recommendation on the 
strategies that have been validated so far for the 
selection (triage) of the population at risk of develop-
ing premalignant cancer lesions and CC.

CERVICAL CANCER SCREENING 
PROGRAMS BASED ON CYTOLOGY

The programs for CC detection based on the analysis 
of cytological abnormalities with the Pap smear test 
have decreased the incidence of CC in developed 
countries and, in very few cases, in developing coun-
tries13. Cervical cytology as a screening test allows 
the detection of cellular changes indicating the pres-
ence of CIN or cancer; however, it has limited sensitiv-
ity (50-84%) and low reproducibility, since it depends 
on different factors that may affect the result, such 
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as sample obtaining technique, adequate processing, 
and interpretation, which makes it necessary to re-
peat the tests frequently14,15. Further, the possibility 
exists of over-treating women with suspicious cyto-
logical abnormalities that may later be confirmed to 
be negative in the diagnostic process. This implies 
multiple gynecological visits when abnormal cytology 
is detected since they will be referred to colposcopy 
and biopsy procedures to confirm the diagnosis and 
initiate treatment. This represents a high cost for 
health systems, as well as complications that hinder 
the implementation and success of cytology-based 
screening in developing countries16. Different interna-
tional guidelines recommend that screening for HPV 
should be included in CC screening to increase its 
sensitivity. Several studies have shown that sensitiv-
ity in the detection of premalignant lesions is in-
creased when HPV detection is incorporated into cer-
vical cytology17,18. However, subsequent studies 
showed that HR-HPV detection is another option for 
CC primary screening16,19.

Studies conducted in different regions of Mexico re-
port that the prevalence of HPV increases with disease 
severity, ranging between 8% and 40% in normal cy-
tology, to 100% in samples with CC20-23. HPV16, 18, 
and 45 types are more common in invasive CC in 
Mexico (53%, 12%, and 6%, respectively), while in the 
cervix free of neoplastic abnormalities, HR HPV16, 18, 
and 33 genotypes are the most frequent (3.2%, 1.9%, 
and 1.8%, respectively)24. This indicates that screen-
ing programs should pay special attention to the pres-
ence of HPV16 but also to HPV18 and HPV4525. Con-
sidering that the sensitivity for HPV molecular 
detection is high, the follow-up of women with HPV 
positivity should be guaranteed, because most infec-
tions are self-limiting and only cases of persistent HR-
HPV infections could have a role in the development 
of CC26. A strategy currently being discussed is the 
possibility of identifying and characterizing molecular 
biomarkers related to the risk of developing precursor 
lesions and cancer and that could be used to improve 
triage in cases at higher risk of developing CC.

MOLECULAR DIAGNOSTIC METHODS 
FOR HPV DETECTION

There is a wide variety of HPV detection methods. 
These methods vary in terms of their sensitivity and 

the number of viral genotypes they detect. Some de-
tect viral DNA, while others are designed to detect 
E6/E7 oncogenes mRNAs. However, only clinically 
validated tests with high levels of reproducibility are 
recommended for screening and/or triage (Table 1).

HR-HPV DNA DETECTION TESTS  
AS PRIMARY SCREENING FOR  
CERVICAL CANCER

Among the secondary strategies for CC prevention, 
the WHO proposes three screening methods: conven-
tional or liquid-based cytology, visual inspection with 
acetic acid (VIA), and HR-HPV molecular detection27. 
The HPV DNA detection test has recently started to 
replace cytology for CC primary screening in several 
countries. For instance, Australia was the first country 
to introduce primary HPV screening into its national 
program and, along with vaccination, recent studies 
predict that CC will significantly decrease, or even be 
eliminated in the coming decades28.

The HPV DNA detection test is clinically useful for 
secondary CC prevention, in the diagnosis of low-
grade cervical premalignant lesions and as a follow-up 
test to assess treatment effectiveness. The interna-
tional consensus currently recommends three strate-
gies for the primary screening of CC: (1) the visual 
inspection technique with 5% acetic acid or Lugol’s 
iodine (VIA and VILI, respectively), particularly in ar-
eas where high-tech diagnostic and treatment meth-
ods are not available, and thus women can be treated 
in the same session, if necessary; (2) liquid-based or 
conventional cytology; and (3) HR HPV molecular 
test, particularly in developed countries with well-
established screening systems, due to the high spec-
ificity of this technique and the experience and infra-
structure existing in those areas29.

The prevalence of HPV is high in young women; how-
ever, in most cases, they develop an effective immune 
response that eliminates the acute infection in a short 
period, and therefore, primary screening through HPV 
detection is not recommended in women younger 
than 30 years30.

The risk for developing low or high-grade cervical le-
sions originating from cytological abnormalities in-
creases with age31; therefore, HPV detection is rec-
ommended in women older than 30 years. However, 
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the average onset of sexual activity in Mexico is at 
the age of 1632, and considering that HPV transfor-
mation processes can take 5-10 years, there is a pos-
sibility that some young women, under 30 years, may 
develop premalignant lesions or cancer without falling 
into the group of women older than 30 in whom HPV 
detection is recommended.

Viral DNA detection test, as a primary screening tool 
with triage cytology, allows the recommended detec-
tion intervals for the follow-up of women to be pro-
longed, in adherence to national screening programs33. 
In addition, recent studies have provided evidence 
supporting the use of HPV molecular detection: (1) 
as a primary screening test, (2) for the diagnosis of 

Table 1. HPV detection tests

Test Manufacturer Detected 
HPV 

genotypes

Target 
molecule

Sensitivity Specificity Detected 
outcome

References Quality of 
evidence 
(GRADE)

High-risk HPV DNA detection tests

Hybrid Capture® 
2 (HC2)*

QIAGEN Viral  
genome

13 carcinogenic 
genotypes

97% 85% CIN2+ 64 High

2COBAS® 4800*Roche L1 13 carcinogenic 
genotypes  
and HPV 66; 
genotyping for 
HPV 16 and 18

90% 94% CIN2+ 65 High

BD ONCLARITY 
HPV

BD E6/E7 14 genotypes.  
It genotypes 
16, 18, and 45

95% 87.7% CIN2 66,67 High

1CareHPV™^ QIAGEN Viral  
genome

13 carcinogenic 
genotypes  
and HPV 66

90% 84% CIN2+ 37 High

GP5*/GP6 + 
PCR-EIA

L1 13 carcinogenic 
genotypes  
and HPV 66

94% 90% CIN2+ 33,34 High

INFINITI® 
HPV-HR 
QUAD

AutoGenomics E1 13 carcinogenic 
genotypes  
and HPV 66

97.30% 90% CIN2 68 Moderate

Anyplex II  
HPV HR

SeaGen INC 14 genotypes 94-92% 81% HSIL,  
CIN2+

69 Moderate

Cervista™  
HPV HR

Hologic 14 genotypes 89% 91% CIN2+ 70 Moderate

RealTime  
high risk

Abbot L1 13 carcinogenic 
genotypes  
and HPV 66; 
genotyping 
for HPV 16 
and 18

95% 92% CIN2+ 71 Moderate

High-risk HPV RNA detection tests

APTIMA®* GenProbe E6/E7  
mRNA

13 carcinogenic 
genotypes  
and HPV 66

94.2%
87-98%

98%
90-100%

94.5%
63-90%
55-60%

CIN2+
ASCUS

CIN2/CIN3+ 
LSIL

CIN2+/CIN3+

15,65 High

PreTect  
Proofer

NorChip E6/E7  
mRNA

VPH 16, 18, 
31, 33 and 45

75-79% 100% CIN2+ 37 Moderate

1Recommended by WHO for low and middle-income countries.
2Approved for primary screening. 
HPV: Human Papillomavirus. 13 carcinogenic genotypes include HPV 68. *FDA-approved tests. ^ Low-cost test validated in the rural setting.
Modified from Luhn et al., 201337.
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borderline cytology, (3) for follow-up after a positive 
primary test but without abnormal histology, and (4) 
as a test to assess recurrence after treatment or 
cure34.

According to the NOM 014-SSA2-1994 Mexican 
standard “for the prevention, detection, diagnosis, 
treatment, control, and epidemiological surveillance 
of CC,” modified in 2007, CC early detection tests 
should be performed in women between 25 and 64 
years of age, an age range that will be modified in the 
following updated publication to 21 years as the age 
to begin cervical cytology testing. In public sector 
health facilities, these tests should be carried out free 
of charge without excluding any applicant women35. 
Primary health-care personnel provides cervical cytol-
ogy and, according to institutional policies, biomo-
lecular tests for HPV detection – Hybrid Capture (HC) 
and polymerase chain reaction (PCR) – can be used 
as a complement to cytology to improve detection 
sensitivity in women 35-64 years, an age range that 
will also be modified in the new update of the stan-
dard to 30-64 years.

The current specific action program for “Prevention 
and Control of Women’s Cancer,” which contains the 
CC Prevention and Control Program in Mexico, pro-
poses primary screening with the HPV DNA test as a 
secondary prevention algorithm and model for the 
care of CC and triage with cytology and follow-up, as 
shown in figure 1.

The vaginal self-administered test is an alternative to 
the self-collected sample for HPV detection, espe-
cially to bring secondary CC screening closer to rural, 
indigenous, and urban marginalized women, who are 
at the highest risk of suffering from the disease. The 
implementation advantages are that these tests are 
easy to use, not so invasive, and less painful36.

HPV DNA screening tests

Different HPV molecular tests are commercially avail-
able (Table 1). Some detect a pool of genotypes and 
others, individual genotypes; however, not all have 
been clinically validated and only a few have been ap-
proved by the US Food and Drug Administration 

Figure 1. Secondary prevention algorithm and CC model of care in Mexico. ASCUS: atypical squamous cells of undetermined 
importance; LISL: low-grade intraepithelial squamous lesion; ASC-H: atypical squamous cells; HISL: high-grade intraepithelial 
squamous lesion; AGC-NOS: atypical glandular cells not otherwise specified; AGC-NEO: atypical glandular cells suggestive of 
neoplasm.
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(FDA)37. HPV DNA screening tests can be divided into 
three subgroups: (i) tests that assess the presence of 
HPV carcinogenic types without providing individual 
genotyping information; (ii) assays that provide geno-
typing information for some HPV carcinogenic geno-
types, mainly HPV 16 and 18 (either alone or in com-
bination with a test for the presence of carcinogenic 
HPV); and (iii) assays that genotype simultaneously 
a large number of HPV types (Table 1). Since there is 
no clinical benefit to individual genotyping beyond the 
most frequent carcinogenic types (HPV 16 and HPV 
18), only the two former tests are used in screening 
programs37.

The HPV DNA detection test most commonly used 
worldwide is HC2. It was approved in 1999 by the FDA 
for the triage of women with cytology reporting atyp-
ical squamous cells of undetermined significance (AS-
CUS) and to determine which women should be re-
ferred to colposcopy; in 2003, it was approved for 
primary screening in combination with cytology. An-
other widely used HPV DNA detection test is the 
GP5+/6+PCR enzyme immunoassay (EIA) test, with 
sensitivity and specificity similar to those of HC2. The 
tests proposed for CC screening programs must reach 
at least 90% sensitivity and 98% specificity, as shown 
for HC2 or EIA37. Validation of new screening tests 
should be performed comparing them with HC2 or 
GP5+/6+ PCR-EIA38.

A subset of HPV detection tests also provides geno-
typing information and can be divided into two sub-
groups: (i) concurrent genotyping tests, i.e., genotyp-
ing data are obtained at the same time as a qualitative 
result, such as the COBAS test, and (ii) subsequent 
genotyping tests, which provide genotyping data only 
if a sample is positive in the qualitative test, such as 
the Cervista HPV 16/18 (Hologic) test, approved by 
the FDA in 2009 for the selection of women with 
ASCUS cytology. The COBAS 4800 HPV test, clini-
cally validated and approved by the FDA in 2011, is 
currently recommended for screening women older 
than 21 years with ASCUS cytology, to determine 
the presence of HPV 16 and 18 in women older than 
21 years with unclear Pap cytology, and together 
with cytology for primary detection in women above 
30 years19,37.

Systematic reviews of validation studies of HR HPV 
DNA detection tests, in randomized clinical trials and 

cohorts with a follow-up duration of 8 years or more, 
have reported reproducibility, relative sensitivity, and 
specificity results in comparison with HC2 test or 
PCR test using GP5+/6+primers. The COBAS 4800 
HPV and Abbott RealTime High tests were system-
atically validated in three independent studies, with 
regard to the HC2 test for the detection of CIN2+, 
while the HPV PapilloCheck, BD Onclarity, HPV assay, 
and the HPV-Risk assay detection tests were vali-
dated in one study each. Other tests that partially 
meet the quality guidelines are the following: Cerv-
ista HR HPV test, GP5+/6+PCR-LMNX, a quantitative 
homemade reverse transcription-PCR that detects 
E6/E737.

MOLECULAR BIOMARKERS FOR THE 
TRIAGE OF WOMEN WITH POSITIVE 
HR-HPV DNA TESTS

Due to the increase in primary screening with HPV 
DNA detection test, and their low positive predictive 
value, the issue to resolve is how to select women 
above the age of 30 with positive HR HPV, who are 
more likely to have or develop CC in the future, and 
their clinical management, given that nearly 73% of 
HPV-positive women above 30 years have negative 
cytology38. Therefore, biomarkers are required for the 
triage of women at risk of precursor lesions and CC 
after an initial positive HPV test.

A biomarker can be considered useful when the re-
sult of the test provides information for clinical man-
agement. In the case of HPV positive cases, manage-
ment options include direct referral for treatment, 
referral to colposcopy to histologically confirm pre-
malignant cervical lesions, increased surveillance 
through more intense screening, or release to routine 
screening. Management options should be chosen 
based on a woman’s risk of having a cervical prema-
lignant lesion or CC, as indicated by the results of 
screening and triage tests and other risk indicators 
such as age39.

Candidate biomarkers for this triage could be cate-
gorized into two groups, viral or cellular markers 
(Table 2). However, only a small subset of these pro-
posed biomarkers has been approved for clinical ap-
plication; others are still in pre-clinical and clinical 
trials39.
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Table 2. Biomarkers for cervical cancer screening and triage

Type of biomarker Test format Application Quality of evidence/
regulatory approval

Test name/
manufacturer reference

HPV biomarkers

Oncogenic HPV DNA 
detection (and 
genotyping)

HPV genome 
amplification  
by PCR (e.g., 
Linear Array®)

Equivocal cytology 
triage

Randomized clinical 
studies and trials  
in large populations. 
Licensed tests for 
use in the United 
States and Europe

Qiagen: Digene HC2, 
careHPV™,

QIAensemble™†

Roche: Amplicor®, 
Cobas® 4800†,

Linear Array®‡

Cervista® HR-HPV†

CLART® HPV2‡

Master Diagnóstica:  
HPV Direct Flow Chip

AutoGenomics:  
Infiniti® HR-HPV

QUAD‡

BioRad:  
HR-HPV Dx PCR

Innogenetics:  
INNO-LiPA™‡

Multimetrix:  
Multiplex HPV 
Genotyping Kit‡

Greiner: PapilloCheck® 
HPV Screening‡

Abbott: Real-Time 
HR-HPV®†

Not commercialized:  
GP 5+/6+ EIA‡ 

Seegene: HPV 28 
Anyplex system

E6/E7 mRNA 
detection

Nucleic acid 
sequence-based 
amplification

Adjunct to HPV-based 
primary detection

Published clinical  
trials

GenProbe:  
Aptima®

Transcription-
mediated 
amplification

Equivocal or slightly 
abnormal cytology 
triage

Ongoing population-
based studies

Norchip: PreTect® 
Proofer‡

in situ 
Hybridization

BioMerieux:  
NucliSENS EasyQ®

HPV‡

IncellDx:  
HPV OncoTect®‡

HPV proteins 
detection

Histology and 
cytology slides 
immunostaining 
(L1)

Some published 
clinical trials

Cytoimmun:  
Cytoactiv®

Elisa (E6) ArborVita:  
AVantage™ HPV E6

(continues in next page)



205

Kirvis Torres-Poveda, et al.: HPV AND CERVICAL CANCER DIAGNOSTIC MARKERS

Viral biomarkers

Genotyping tests for HR-HPV

Stratification of women with HPV 16 and 18, respon-
sible for approximately 70% of CC cases, allows the 
identification of women with the highest risk of de-
veloping CIN3+. Cohort studies have shown that the 
cumulative incidence of CIN3 among HPV16-positive 
women is higher (8.5%) in comparison with women 
positive to other HPV genotypes (3.1%), underscor-
ing the importance of colposcopy40.

The FDA-validated HR HPV genotyping tests include 
(a) concurrent HPV detection and genotyping tests 
such as COBAS HPV® (Roche) and real-time PCR (Ab-
bott); and (b) the reflex HPV genotyping test such as 

CERVISTA HPV 16/18 (Hologic). Among these, CO-
BAS HPV® test has demonstrated excellent sensitivity 
and a positive predictive value similar to that of cytol-
ogy (at the ASCUS level or worse), and higher in con-
junction with cytology for the detection of CIN3 
among HPV 16/18-positive women41.

Among the HPV full genotyping tests, several tests 
are based on PCR amplification of the L1 region and 
reverse hybridization with genotype-specific probes. 
This type includes the INNO-LiPA Genotyping Extra II 
test (Innogenetics)42, which allows the identification of 
32 genotypes; Linear Array (Roche) identifies 37 viral 
genotypes; HPV Direct Flow CHIP (Master Diagnósti-
ca) identifies 36 genotypes; and PapilloCheck® identi-
fies 24 genotypes. Another test, Anyplex™ II HPV28, 
identifies 28 HPV genotypes by real-time PCR. These 

Table 2. Biomarkers for cervical cancer screening and triage (continues from previous page)

Type of biomarker Test format Application Quality of evidence/
regulatory approval

Test name/
manufacturer reference

Cellular biomarkers

P16ink4a (also with 
Ki-67 addition)

Histology and 
cytology slides 
immunostaining

Adjunct to HPV-based 
primary detection

Published clinical trials mtm Laboratories: 
CINtec® and

ELISA Equivocal or slightly 
abnormal cytology 
triage

Ongoing population-
based studies

CINtec® PLUS

MCM2 and TOP2A Histology and 
cytology slides 
immunostaining

Adjunct to HPV-based 
primary detection

Some published 
clinical trials

Becton Dickinson: 
ProEx™ C

Equivocal or slightly 
abnormal cytology 
triage

Methylation markers

SOX1, JAM3,  
EPB41L3, C13orf18, 
ANKRD18CP, 
ZSCAN1, SOX1, 
LMX1A, NKX6–1, 
WT1, PAX1 RARβ/
TWIST/MGMT; 
SOX1/HOXA11/
CADM1; CCNA1/
C13ORF18; CADM1/
MAL; CDH13/DAPK/
RARβ/TWIST1; 
C13orf18/EPB41L3/ 
JAM3; ANKRD18CP/ 
C13orf18/JAM3; 
SOX1/ ZSCAN1

Individual Markers Adjunct to HPV-based 
primary detection

Published clinical  
trials

39

Equivocal or slightly 
abnormal cytology 
triage

Markers in panels 54

†Includes partial genotyping.
‡Genotyping assay.
HPV: human papillomavirus; MCM2: minichromosome maintenance protein 2; TOP2A: topoisomerase II A.
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tests, in addition to the genotyping of high and LR 
HPV, identify the presence of coinfections (Table 1).

Detection of E6 and E7 oncogenes 
messenger RNAs 

The quantification of E6/E7 mRNA levels has been 
proposed as a good candidate biomarker for HPV-
positive patient triage, with clinical value for the de-
tection of precursor lesions. In a population-based 
study, Rossi et al. identified that the triage strategy 
based on HPV16, 18, 45, 31, and 33 E6/E7 mRNA 
overexpression detection is better than cytology 
since 93% of samples with high-grade cytology were 
positive for E6/E7 mRNA43.

A meta-analysis showed the clinical application of 
HPV E6/E7 mRNA assessment to determine the risk 
of developing CIN2+ in women with slightly abnormal 
cytology. The expression levels of HPV E6/E7 mRNA 
in women with CIN2+ were significantly higher in 
comparison with those with normal cytology. The 
study indicated that women with HPV E6/E7 mRNA 
expression have a three-fold higher risk of developing 
CIN2+ than those who do not express it and, there-
fore, assessment of HPV E6/E7 mRNA expression 
may be a predictor of cervical lesion progression44.

The main RNA detection techniques for E6 and E7 viral 
oncogenes include the PreTect® HPV-Proofer and the 
APTIMA® tests. The PreTect® HPV-Proofer test allows 
the detection of five types of HR HPV16,18,31,33,45 with 
high sensitivity for the detection of high-grade squa-
mous intraepithelial lesions (HSIL); however, it has not 
been approved by the FDA for use in CC screening37.

The APTIMA HPV assay detects E6/E7 mRNA of 14 
HPV genotypes (13 carcinogenic genotypes plus HPV 
66), but it does not distinguish between different 
types. In 2011, the FDA approved APTIMA for (i) clas-
sification of women older than 21 years with ASCUS 
cytology and (ii) detection of women aged 30 years 
or older in combination with cytology33. The results 
of several meta-analyses suggest that APTIMA has a 
higher sensitivity for the detection of CIN2+, but 
similar specificity to that shown by cytology. APTIMA 
has a similar sensitivity but higher specificity for both 
ASCUS classification or low grade squamous intraep-
ithelial lesion (LSIL), in comparison with HC, as well as 
in CIN2+ or CIN3+ primary detection37.

The mRNA detection by the APTIMA® test has higher 
specificity and sensitivity in comparison with DNA 
detection using the COBAS test. A study compared 
the performance of both methods in the detection of 
HSIL or more advanced lesions (≥ HSIL). Both meth-
ods showed high sensitivity (> 97%) in biopsy-con-
firmed samples with ≥ HSIL. The COBAS test showed 
a higher rate of positive testing in the diagnosis of 
benign lesions (84% vs. 51%) and LSIL (89% vs. 63%) 
in comparison with the APTIMA test. In addition, AP-
TIMA showed higher specificity for ≥ HSIL than CO-
BAS (41% vs. 13%). Overall, APTIMA showed better 
detection, compared to COBAS, of biopsy-confirmed 
≥ HSIL, with a superior predictive value (25% vs. 16%) 
and higher accuracy (50% vs. 26%)45.

Tests for the detection of HR-HPV 
proteins 

OncoE6 and Cytoactiv are commercially available 
tests aimed to detect protein levels of E6/E7 and L1, 
respectively. Preliminary results of OncoE6 clinical 
validation indicate that it has higher specificity than 
the HC test (98.9% vs. 86.8%, respectively), but 
lower sensitivity (67.3% vs. 98.0%, respectively) for 
the detection of CIN3+37.

The loss of L1 expression, which is the predominant 
capsid protein, has also been proposed as a marker 
of premalignant lesions since its expression depends 
on viral genome integrity. During HPV-induced carci-
nogenesis, the viral genome breaks down as a result 
of integration into the cell genome, resulting in E6 and 
E7 overexpression with the consequent loss of L126,46. 
Although there is a commercially available test to 
detect the presence of L1 of several HPV types (Cy-
toactiv and Cytoimmun diagnostics), the clinical util-
ity of this test has not yet been determined37.

Cellular biomarkers

Markers associated with HPV-induced 
cell cycle dysregulation

P16INK4A

A widely studied biomarker in HPV-induced cancer 
types is P16INK4A, a cyclin-dependent kinase inhibitor 
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protein whose main action is to act as a proliferation 
inhibitor. It is overexpressed in cancerous and precan-
cerous cervical tissue, resulting from an E7-mediated 
Rb pathway inhibition compensatory mechanism47. 
P16INK4A cellular accumulation can be detected by 
immunohistochemical staining of histological sections 
and cytological smear. The available test for P16INK4A 
detection commercially known as CINtec histology 
was FDA approved in 2017.

Ki-67

Ki-67 protein is a proliferation marker that is overex-
pressed in the presence of the HPV E7 oncoprotein. 
Under normal conditions, p16 (tumor suppression 
protein) and Ki-67 (a proliferation marker) overex-
pression are mutually exclusive, but the detection of 
simultaneous overexpression by dual immunostaining 
identifies cells with a dysregulated cell cycle. In the 
case of HPV-positive women with negative cytology, 
p16/Ki-67 dual staining has a sensitivity of 97.2% 
and a specificity of 60% to detect CIN3+, with a de-
crease in referrals to colposcopy of 50%. There is a 
dual staining test for these two proteins, CINtec PLUS 
Cytology48.

Specifically, the increase in the staining index using 
the monoclonal antibody (MIB-1) for Ki-67 detection 
is related to the progression of neoplastic lesions 
(8.38% in CIN1, 15.6% in CIN2, and 29.8% in CIN3) 
into squamous-cell carcinoma. Even the differentia-
tion grade was associated with the staining index 
(51.6% in well-differentiated carcinoma, 64.9% for 
moderately differentiated carcinoma, and 83.7% for 
poorly differentiated carcinoma). These results indi-
cate that this protein may be an indicator of the po-
tential for malignancy49.

Aberrant phase S induction markers 

HPV oncogene-mediated cell cycle activation during 
the cell transformation process is characterized by an 
aberrant induction of the S phase. An assay that de-
tects two proteins, topoisomerase IIA (TOP2A) and 
minichromosome maintenance protein 2 (MCM2), 
involved in aberrant induction of the S phase, is com-
mercially available (ProEx™ C, Becton Dickinson). So 
far, some clinical trials with a limited sample size 

have shown that it has a sensitivity varying between 
0.67 and 0.99 and a specificity ranging between 
0.61 and 0.8539.

MCM5 protein expression has been proposed as a 
marker of cell proliferation since the levels of this 
protein increase in the G1 phase of the cell cycle and 
reach its peak expression in the S phase. A study as-
sessed MCM5 and P16INK4A expression in CIN and 
CC, showing that the expression of both MCM5 and 
P16INK4A gradually increases from normal cervical 
epithelium, through the different grades of CIN and 
to CC, with significantly higher expression in CC in 
comparison with normal cervical epithelium and CIN 
(1-3 ratio). These results show that both MCM5 and 
p16 are good indicators of the presence of early cer-
vical intraepithelial lesions and also enable the distinc-
tion between CIN and CC50.

The molecules induced by several HR-HPVs involved 
in the replication, transcription and DNA repair, cell 
cycle or the process of metastasis are usually as-
sessed by immunohistochemistry, but this is a mor-
phological technique that has high inter-observer 
variation, and quantification is difficult to repro-
duce51. Therefore, the detection of other biomark-
ers like mRNA is a less subjective strategy than 
immunohistochemical analysis. A study determined 
the viability of the detection of six mRNA biomark-
ers in liquid-based cytology samples and assessed 
their usefulness in the identification of patients with 
HSIL. The evaluated biomarkers included P16INK4A, 
BIRC5, metalloproteinase 9 (MMP9), TOP2A, MCM5, 
and MKi67 (MKI67). The expression of all markers, 
except for MCM5, showed significant differences 
according to the diagnosis (P16INK4A, BIRC5, 
MMP9, TOP2A, and MKI67). Expression was higher 
in HSIL samples than in samples that were negative 
for the p16INK4a, BIRC5, MMP9, TOP2A, and MKI67 
markers, and in LSIL samples for the BIRC5, MMP9, 
TOP2A, and MKI67 markers. The biomarker with the 
highest sensitivity was TOP2A and the most spe-
cific was P16INK4A (Table 2). The combination of 
TOP2A and P16INK4A showed a sensitivity of 96% 
and a specificity of 71%. The results of this study 
demonstrate that the assessment of mRNA expres-
sion in liquid-based cytological samples is feasible 
and that it can be used for the detection of HSIL, 
with TOP2A and P16INK4A being a combination 
with adequate sensitivity and specificity52.
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Other biomarkers in the triage  
validation process 

Other cellular markers, such as cytokeratin CK13 and 
CK14, MCM5, cell division control protein 6, survivin, 
and carcinoembryonic antigen, have been assessed 
at several stages of tumor development. Most valida-
tion assays have shown a lack of consistency in the 
determination of cut-off points and limited sample 
sizes39.

Other markers in early phases of discovery and valida-
tion are methylation markers, which are currently in 
the phase of validation for their potential use in clini-
cal diagnosis. In the future, systemic markers, includ-
ing genetic susceptibility markers, will also be avail-
able for validation as CC prognostic biomarkers.

Methylation markers

Methylation of the promoter region of specific genes, 
like tumor suppressor genes, has been associated to 
the development of cancer. Methylation of the CpG 
sites within the genome occurs at different levels dur-
ing carcinogenesis. While tumors are often hypo-
methylated in repetitive DNA regions as long inter-
spersed nuclear elements, the promoter regions of 
tumor suppressor genes can become hypermethyl-
ated, leading to a decrease in their expression53.

DNA methylation is a stable analyte that can be de-
tected in biological samples, and changes in the meth-
ylation patterns that occur early in carcinogenesis are 
often retained in invasive tumors; this could be a po-
tentially useful biomarker in clinical practice39.

Differentially methylated candidate genes in CC, iden-
tified by methylation profiles in cell lines derived from 
this neoplasm and normal cervical tissue, have been 
proposed as possible CC screening and prognostic 
biomarkers. Thus far, genes that show different levels 
of methylation have been reported when comparing 
cases of CC with normal tissue (Table 2). Some stud-
ies have demonstrated that the frequency of candi-
date genes’ DNA methylation increases with prema-
lignant cervical lesion increasing severity, suggesting 
that these changes occur early during transformation 
and are a potential source of biomarkers for CC early 
detection39.

A recent study evaluated the diagnostic potential of 
six methylated genes (JAM3, EPB41L3, C13orf18, 
ANKRD18CP, ZSCAN1, and SOX1) organized in three 
marker panels, in a cohort with HR-HPV positive de-
tection. All six methylated genes showed an associa-
tion with the histopathological report in the HR-HPV-
positive cohorts and high sensitivity and specificity 
for the detection of CIN2+ and CIN3+. The sensitiv-
ity for CIN2+ was higher with the C13orf18/EP-
B41L3/JAM3 methylation panel in comparison with 
the other two panels (80% vs. 60% [ANKRD18CP/
C13orf18/JAM3] and 63% [SOX1/ZSCAN1]). For 
CIN3+, all three assessed methylation panels showed 
comparable sensitivity within a range of 68-95%. The 
specificity of the SOX1/ZSCAN1 panel (84%) was 
considerably higher in comparison with ANKRD18CP/
C13orf18/JAM3 (68%) and C13orf18/EPB41L3/
JAM3 (66%). In addition, a high negative predictive 
value (NPV) was reported for CIN2+ and CIN3+ with 
all three methylation panels (91-95% and 96-99%, 
respectively), while positive predictive value (PPV) 
ranged from 25% to 40% for CIN2+ and 15 to 27% 
for CIN3+54. Thus, this study proposes these meth-
ylation markers as triage tests in screening programs 
based on the presence of HR-HPV, or in case of ab-
normal cytology tests.

Lorincz et al. proposed a methylation test of the EP-
B41L3 gene and HPV late region methylation55. In 
turn, Clark et al. proposed the methylation status of 
SOX1, DCC, and EPB41L3 methylation as possible 
markers for precursor lesions and CC detection56.

Proteomic markers

Most of the proteomic studies in CC have focused on 
comparing serum samples from patients with CC and 
healthy subjects to identify possible markers for this 
cancer. With the serum MALDI-TOF MS method, more 
than one protein marker can be identified. A study 
conducted with a serum of 165 patients identified 
three protein peaks that showed a significant differ-
ence between cancer patients and healthy volunteers; 
the molecular weights were 3974 Da, 4175 Da, and 
5906 Da. Validation data showed a sensitivity of this 
proteomic profile of 87.5% and a specificity of 90% 
for the detection of CC57.

However, most proteomic studies involve a low num-
ber of samples, few have studied precancerous 
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lesions, and any differentially expressed protein still 
requires validation in more extensive studies. The use 
of new methods such as MALDI-TOF-MS could facili-
tate the discovery of different proteins related to the 
disease, to be used as possible biomarkers.

miRNAs

MicroRNAs (miRNAs) negatively regulate gene ex-
pression by binding to mRNA and prevent its transla-
tion. Abnormalities in miRNA expression patterns 
have been observed in several tumors and these 
changes have been suggested to be of prognostic 
value in various types of cancer58.

Studies in CC tumors and cancer-derived cell lines have 
identified up-regulated miRNAs (miR-21, miR-127, and 
miR-199a) and others with decreased expression 
(miR-143, miR214, miR-218, and miR-34a) in com-
parison with normal tissue. Expression changes in miR-
NAs have been observed in early precancerous lesions, 
so they could act as potential biomarkers for the early 
detection of CC38. Furthermore, altered miRNA profiles 
in CC are associated with treatment response, under-
scoring the usefulness of these molecules not only in 
the diagnosis but also in the prognosis of the disease59.

Antibody profiles as cervical cancer  
biomarkers 

Detection of antibodies against viral 
proteins

HPV16 E7 oncoprotein is processed and presented to 
T lymphocytes, resulting in the production of antibod-
ies against this oncoprotein that has been found to 
be elevated in serum, allowing for their detection and 
quantification. In addition, E7 continued expression is 
required for the maintenance of the malignant phe-
notype in HPV-induced neoplasms. Therefore, circu-
lating levels of HPV16 E7 antibody could serve as a 
serum biomarker to detect HPV-associated cancers60. 
For this purpose, clinical validation of an immunoas-
say platform combined with a microfluidic filter for 
the detection of antibodies against the HPV E7 pro-
tein has been completed. The results showed a sen-
sitivity of 94% and a specificity of 85%. This detec-
tion method allows the quantification of antibodies 
against HPV16 E7 and the identification of groups at 
high risk of developing HPV-related cancer.

Detection of antibodies against cellular 
proteins

In CC, increased expression of survivin, a protein en-
coded by the baculoviral inhibitor of apoptosis pro-
tein repeat-containing protein five isoform 2 (BIRC5) 
gene and MYC (a protein product of the Myc proto-
oncogene) have been reported. A study of 107 pa-
tients diagnosed with CC and 130 control women, 
analyzed circulating immunoglobulin G (IgG) antibod-
ies directed against BIRC5 and MYC, using an en-
zyme-linked immunosorbent assay (ELISA). The 
study showed significant differences in the levels of 
anti-BIRC5 IgG and anti-MYC IgG between the pa-
tient group and the control group. The anti-BIRC5 IgG 
test showed a sensitivity of 23.4% and a specificity 
of 90%, while the anti-MYC IgG test obtained a sen-
sitivity of 9.4% and a specificity of 90.6%. Although 
highly sensitive tests are required to detect CC-asso-
ciated antigens, these results suggest that anti-BIRC5 
IgG may be a biomarker for the early diagnosis of this 
type of cancer61.

Not only can the P16INK4A protein and mRNA levels 
be assessed by immunohistochemistry or by quanti-
tative PCR, respectively, but also considering its high 
expression in cancerous tissues, the production of 
antibodies against this protein can be related to the 
presence of a cancerous lesion, so the evaluation of 
this antibody is a potential analyte for cancer deter-
mination. A study assessed the levels of autoantibod-
ies against circulating P16INK4A by ELISA in 141 pa-
tients with CC, 133 patients with benign cervical 
tumors and 153 controls. Anti-P16INK4A antibody 
levels were higher in the group of patients with ma-
lignant tumors than in the control group and in the 
group with benign tumors. Patients with stage I CC 
had higher levels of antibodies against P16INK4A, 
with a sensitivity of 20.3% and specificity above 90%. 
These results indicate that the levels of circulating 
autoantibodies directed against p16 may be a poten-
tial biomarker with early prognostic value in CC62.

Forkhead transcription factor 3 (FOXP3) is a tran-
scription factor whose expression levels have been 
linked to carcinogenesis and tumor development. 
FOXP3 is a specific marker of regulatory T cells 
(Tregs) and is involved in their activation and func-
tional regulation, in addition to being essential in au-
toimmune homeostasis dynamic regulation. A study 
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assessed anti-FOXP3 IgG antibody levels by ELISA in 
141 patients with CC, in 133 patients with benign 
cervical tumors and in 148 controls63. The levels of 
anti-FOXP3 IgG were significantly higher in the group 
of patients with CC in comparison with the control 
group and the benign tumor group, and they were also 
higher in the benign tumor group compared to the 
control group. These results indicate that anti-FOXP3 
antibodies can be markers of cervical premalignant 
lesion progression to CC. However, further studies are 
required to assess the sensitivity of the diagnostic 
test.

CONCLUSION

The use of molecular biomarkers together with HR-
HPV detection provides a diagnostic tool with impor-
tant implications for clinical management by detect-
ing patients at high risk of cervical premalignant 
lesions and CC.

RECOMMENDATIONS

1. HPV DNA detection tests are highly reproducible 
and have been clinically validated for primary 
screening of women above 30 years of age (Table 
1), which provides great safety for the manage-
ment of HPV-negative women, by allowing to pro-
long the screening interval. Quality of evidence: 
(GRADE) High . Strength of recommendation: 
Strong in favor of its use .

2. Implementation of HR HPV DNA molecular detec-
tion is a strategy that allows the selection (triage) 
of the population at risk of developing premalig-
nant cancer lesions. Quality of evidence: (GRADE) 
High . Strength of recommendation: Strong in fa-
vor of its use .

3. Follow-up and treatment of HPV-positive women 
should be guaranteed. Quality of evidence: (GRADE) 
High . Strength of recommendation: Strong in fa-
vor of its use .

4. The use of viral and cellular biomarkers (E6/E7 
[APTIMA] and Ki67 and P16INK4A [CINTec plus], 
respectively) could improve the triage of HR-HPV-
positive women as well as risk stratification in the 

development of cervical premalignant lesions in the 
clinical setting and initiation of adequate therapeu-
tic management; this would decrease costs result-
ing from treatment in advanced stages. Quality of 
evidence: (GRADE) Moderate . Strength of recom-
mendation: Strong in favor of its use .

5. Quality control of the screening program processes 
is required. There is the standard that should be 
followed; however, a definition of scientifically 
based clinical algorithms in the Mexican context is 
required. Quality of evidence: (GRADE) High . 
Strength of recommendation: Weak in favor of its 
use .

6. Increase of effective coverage of secondary pre-
vention program. Quality of evidence: (GRADE) 
High . Strength of recommendation: Strong in fa-
vor of its use .

7. Epidemiological surveillance is imperative in CC and 
precursor lesions to assess the impact of the 
screening program at the national level. Quality of 
evidence: (GRADE) High . Strength of recommen-
dation: Strong in favor of its use .

8. Although new cell methylation biomarkers, miRNA 
levels, as well as protein analytes have been pro-
posed, they must be validated in clinical trials to 
determine their impact in terms of diagnostic and 
prognostic value in CC. In addition, the resources 
for their implementation should be considered. 
Quality of evidence: (GRADE) Low . Strength of rec-
ommendation: Weak in favor of its use .
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