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ABSTRACT:

THE IDENTIFICATION OF WOMEN HAVING OR BEING ABLE TO DEVELOP CERVICAL CANCER IS A MAJOR
CONCERN WORLDWIDE EXPRESSED BY ENDEAVORS TO IMPLEMENT NEW METHODS OF SCREENING
AND TRIAGE FOR PRECANCEROUS CERVICAL LESIONS (PCL). THE PRESENT WORK ENCOMPASSES
RESULTS OF MANY TRIALS AND OBSERVATIONAL STUDIES PUBLISHED ON INTERNATIONAL DATABASES
DURING LAST 10 YEARS. THE PURPOSE OF CURRENT STUDY IS TO HIGHLIGHT THE FEATURES OF
ADVANCED BIOTECHNOLOGIES, CONCERNING THEIR CAPACITY OF LEADING TO AN EARLY RIGHT
DIAGNOSIS SUPPORTING, TO COMPARE THE EFICACITY OF THESE TESTS SUCH SENSITIVITY AS
SPECIFICITY, TO TRIAGE BETWEEN REGRESSIVE AND PROGRESSIVE PCL, TO HIGHLIGHT THE
DIFFERENCE CONCERNING SCREENING METHODS ADOPTED BY THE NATIONAL PROGRAMMES
WORLDWIDE. THE RESULTS SHOWED THAT PAP TEST IS AN EXPENSIVE METHOD, WITH HIGH LEVEL OF
SUBJECTIVE ASSESSMENT AND WITHOUT POSSIBILITY OF DISCRIMINATION BETWEEN DIFERENT KINDS
OF CYTOLOGIES. HUMAN PAPILLOMAVIRUS (HPV) GENOTYPE ALONE DOESN’T ALLOW TO DISTINGUISH
TRANSIENT VERSUS PROGRESSIVE HPV INFECTION. IMMUNOSTAINING CYCLINE P16INK4A AND THE
MORE PERFORMANT TEST, DUAL TEST P16INK4A/ Kl 67 ALLOW THE TRIAGE OF CASES ABLE TO
DEVELOP CANCER USED ALONE OR AS CO-TEST TO PRIMARY HPV SCREENING. PRIMARY CERVICAL
SCREENING WITH HPV GENOTYPE ASSOCIATE WITH ONE OF CO-CIYTOLOGIC TEST IMPROVE THE
ACCURACY OF AN EARLY DIAGNOSIS.

KEY WORDS: CERVICAL CANCER, PRECANCEROUS CERVICAL LESIONS, BIOTECHNOLOGIES, PAP
TEST, HPV GENOTYPE, P16INK4A, P16INK4A/ Kl 67

INTRODUCTION

Despite the sustained efforts to identify precancerous cervical lesions and to stop cervical
neoplastic progression, the cervical cancer incidence attains high rate, being the fourth most
common cancer diagnosed in women. Several screening tests for cervical cancer have been agreed
over the years and the recording of the results formed a very large scientific database. This huge
amount of information obtained following multiple randomized trials conducted in the last 30
years made possible the comparison between the test methods results in order to identify one
method or an association of methods able to achieve the highest percentage of sensitivity in early
identification of precancerous cervical lesions. Modern biotechnologies offer a variety of
screening and triage tests for cervical lesions. In the current situation, it is necessary to have a
better knowledge of the benefits and limitations provided by biotechnologies approved as an
integral part of cervical cancer national screening programs. The identification of women who
can develop or have cervical cancer is a major global concern materialized through sustained
efforts to implement various cervical cancer screening methods (CC) and triage of precancerous
cervical lesions (PCL). This study seeks to summarize the particular characteristics of advanced
biotechnologies and their ability to establish correctly an early diagnosis able to enact adequate
therapeutic approaches.



R T SuppLeEMENT 2/2019

Research and $cience Today

WWW.RSTJOURNAL.COM ISSN-E: 2344-0007 / ISSN-L: 2344-0007

DIAGNOSTIC AND SCREENING BIOTECHNOLOGIES IN CERVICAL
CANCER - REVIEW

Our study aims to analyze the results of several trials and observational studies published
in the international databases (PubMed, Medscape, Scopus) over the past 10 years. The adopted
criteria consist in identification of implemented biotechnologies, comparing the effectiveness of
the results of these determinations in terms of sensitivity in CC detection and PCL triage,
specifying the duration of obtaining the test result, mentioning the screening interval recommend.
The study also included criteria such as presenting opportunities for accessibility of women
around the globe to test methods and the balance between cost and benefits of the screening and
diagnosis assumed methods.

IDENTIFICATION OF DIAGNOSTIC AND SCREENING BIOTECHNOLOGIES
IN CERVICAL CANCER

Babes Papanicolaou cytological testing — PAP test

Pap cytological test is performed both in national screening programs, and in opportunistic
screening situations related too cervical cancer. Pap cytological test is characterized by high
specificity and low sensitivity. The Pap cytological test sensitivity regarding the detection of
intraepithelial cervical neoplasia grade 2 or more (CIN2 +) is appreciated as being limited
between 53%-70% *. Over the past 12 years, a series of comparisons have been made on the
quality of the cytological testing results: dry cytology versus liquid-medium cytology *2, 3. The
testing results using dry cytology vs cytology in liquid environment remain identical without
changes in specificity and sensitivity. Hospitex Diagnosis Report (2013) emphasizes the fact that
single layered blades obtained from cells collected in liquid environment (CLE) are more secure
and more powerful representative in comparison with the conventional screening procedure. The
limitations of cytological testing consist in high cost due to investments in training for the
cytologist and due to the necessity of periodic test repeating. Initially recommended to be annually
repeated, currently the cytological test is recommended to be repeated between 3-5 years in case
of negative testing for HPV-HR . Among other Pap cytological testing limitations, an important
one is the test inability to allow differentiation of AUC-US or L-SIL lesions that spontaneously

11 Cong, X., Cox, D. and Cantor, S. (2007). Bayesian meta-analysis of Papanicolaou smear accuracy. Gynecologic
Oncology, 107(1), pp.S133-S137

2 Arbyn, Marc, Christine Bergeron, Paul Klinkhamer, Pierre Martin-Hirsch, Albertus G. Siebers, and Johan Bulten.
2008. "Liquid Compared With Conventional Cervical Cytology". Obstetrics & Gynecology 111 (1): 167-177.
doi:10.1097/01.a0g9.0000296488.85807.h3

13 Siebers, Albertus G., Paul J. J. M. Klinkhamer, Johanna M. M. Grefte, Leon F. A. G. Massuger, Judith E. M. Vedder,
Angelique Beijers-Broos, Johan Bulten, and Marc Arbyn. 2009. "Comparison Of Liquid-Based Cytology With
Conventional Cytology For Detection Of Cervical Cancer Precursors". JAMA 302 (16): 1757.
doi:10.1001/jama.2009.1569

14 MacDonald, CF. 2019. "Assessing Secondary Prevention Methods For Cervical Cancer: Costs And Benefits In
Managed Care". AJMC. https://www.ajmc.com/journals/supplement/2008/2008-06-vol 14-n6suppl/jun08-3383ps185-
5192
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resolve or are able to progress towards cancer. Statistical data underline that 10-15% of the cases
with ASC-US and L-SIL cytology develops CIN3 5,

Results of the ATHENA study, published in 2014 highlight the existence of a significant
percentage, of 57% women aged between 25-29 years with negative cytology for intraepithelial
lesions (NIEL) that have been shown to present at histopathological examination injuries > CIN3.
This evidence has dramatically changed the orientation regarding the priority of screening
methods in cervical cancer. Currently Pap Test has acquired a special meaning in the national
programs being recommended for co-testing, alongside with primary HPV testing, which allows
an increased diagnosis accuracy °.

Testing HPV infection

Nowdays, there is a statistically acknowledged tendency as regards the need to change the
cervical cytological screening method with testing for the presence of infection with human
papilloma virus (HPV), increased risk (HR). Therefore, the HPV testing is required as the first
screening method in cervical cancer.

HPV is a non-enveloped, double-stranded DNA virus. The viral genome consists of 3
different regions: the long control region (LCR) or the URR (upstream regulatory region) -
responsible for the translation and replication-, and two ORF regions (open reading frames) -early
(E1-E-7) and late ( L1 and L2) respectively)-. The HPV genome proteins accomplish different
roles. The E1 and E2 proteins act in the cellular cycle adjustability, the E6 and E7 proteins are
transforming; the late proteins are located in the L1 and L2 regions; the E4 protein function is not
yet fully known and the E5 protein interferes with the cellular immortalization.

During the integration of the HPV -DNA in the host cell, the viral genome perturbs the
reading hatches (ORFS) of the E1 and/or E2 levels. The loss of the E2 function causes the loss of
cellular regulation control and the development of oncoproteins E6 and E7 %7,

There are three acknowledged methods of identifying the HPV types: nucleic acid-
hybridization assays, signal-amplification assays, nucleic-acid amplification. These methods are
used in many tests under commercial names.

The nucleic acid-hybridization assays methodology is found in the commercial tests
Southem blot, In situ hybridization, Dot blot hybridization. This method detects the HPV infection
in the cervical samples and provides substantial information regarding the HPV infection types.
The disadvantages of the nucleic acid-hybridization assay are low sensitivity, requiring a bigger
quantity of purified DNA, and taking a longer period of time for data processing.

The signal-amplification assays method is found in the commercial tests Hybrid Capture
2 -HC2- (Digene) si Cervista. The Hybrid Capture 2 -Hc2 (Digene) test approved in the US by the
Food and Drug Administration (FDA) in 2003 detects 13 HPV - HR types (16, 18, 31, 33, 35, 39,

15 Arbyn, M., F. Buntinx, M. V. Ranst, E. Paraskevaidis, P. Martin-Hirsch, and J. Dillner. 2004. "Virologic Versus
Cytologic Triage Of Women With Equivocal Pap Smears: A Meta-Analysis Of The Accuracy To Detect High-Grade
Intraepithelial Neoplasia". JNCI Journal Of The National Cancer Institute 96 (4): 280-293. doi:10.1093/jnci/djh037
16 Castle, Philip E, Mark H Stoler, Thomas C Wright, Abha Sharma, Teresa L Wright, and Catherine M Behrens. 2011.
"Performance Of Carcinogenic Human Papillomavirus (HPV) Testing And HPV16 Or HPV18 Genotyping For
Cervical Cancer Screening Of Women Aged 25 Years And Older: A Subanalysis Of The ATHENA Study". The Lancet
Oncology 12 (9): 880-890. doi:10.1016/s1470-2045(11)70188-7

17 Stanculescu, Ruxandra. 2016. "Biotechnologies Involved In Differentiation Of Cervical Lesions". Human
Papillomavirus - Research In A Global Perspective. doi:10.5772/62729
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45, 51, 52, 56, 58, 59, 68) and 5 HPV - LR types (6, 11, 42, 43, 44). The test uses the non-
radioactive amplification method of the specific antibodies signal and chemiluminescence paired
with hybridising the HPVV-DNA target and the RNA marked in the solution samples. The Hc2 test
identifies the high risk cases of LCP infected with HPV-HR 16 and 18 in a 10-15% percentage,
and other types of HR-HPV with percentage < 3% 8.

The Cervista test is approved in the US by the Food and Drug Administration (FDA) since
2009. The Cervista test detects 14 HR-HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66 and 68); it identifies the nucleic acid sequences by using the signal-amplification assay and
fluorescence. The advantages of the Cervista method: 100% sensitivity in detecting CIN 3, 98%
sensitivity in detecting CIN 2, high sensitivity and specificity in HPV 16 and 18, lower rates of
false posgitive results, higher percentage of identifying the precancerous cervical lesions than the
H2 test 9,

The methodology that uses the nucleic acid amplification is used in the following
commercial HPV tests: Microarray analysis, PapilloCheck, PCR, PCF-RFLP, Real-Time-PCR,
Abbott Real Time, Cobas 4800 HPV, Genome sequencing, CLART HPV, INNO-LIPA, The
Linear Array, Clinical Arrays, Pre Tect Proofer, APTIMA. The clinical use of these tests is
different.

Cobas 4880 HPV test was approved in the US by the Food and Drug Administration (FDA)
since 2014. The test is used as a first choice screening method in the cervical cancer. The Cobas
test uses an automatic method that uses the Real-Time PCR. The amplification and the viral
detection take place in a single tube with genotyping for HPV 16, HPV 18 and other 12 types of
HPV (HR 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 ,68) and with using the f-globin for controlling
the process 2°. The advantages of the Cobas 4880 HPV are the short period of 4 hours testing and
the accuracy of identifying the HPV HR types. The method removes subjectivity by using the
automated reading. The Cobas 4880 HPV test is validated for cervical cancer screening as well as
for ASC-US lesions triage .

The signal-amplification assays method is also found in The Linear Array HPV genotyping
(Roche Molecular Diagnostics, USA). The advantages of this testing consists in identifying 36
HPV types and classifying them into risk groups (15 types of HPV HR-, 15 probably HPV HR-,
10 HPV- LR types and 9 HPV types with undetermined risk).

18 Stinculescu, Ruxandra, Elvira Britild, Vasilica Bausic, Teodora Camelia Vlidescu, Florina Vasilescu, Alexandra
Bausic and Costin Berceanu. 2017. “Review of the biotechnologies and test used for precancerous cervical lesions
diagnosis”. Rom J Morphol Embryol. 58(1):7-1, 2066-8279

19 Rebolj, Matejka, Janet Rimmer, Karin Denton, John Tidy, Christopher Mathews, Kay Ellis, and John Smith et al.
2019. "Primary Cervical Screening With High Risk Human Papillomavirus Testing: Observational Study". BMJ, 1240.
doi:10.1136/bmj.1240

20 Heideman, D. A. M., A. T. Hesselink, J. Berkhof, F. van Kemenade, W. J. G. Melchers, N. Fransen Daalmeijer, M.
Verkuijten, C. J. L. M. Meijer, and P. J. F. Snijders. 2011. "Clinical Validation Of The Cobas 4800 HPV Test For
Cervical Screening Purposes". Journal Of Clinical Microbiology 49 (11): 3983-3985. doi:10.1128/jcm.05552-11

21 Martinez, Samuel Bernal, José Carlos Palomares, Antonio Artura, Manuel Parra, Jose Luis Cabezas, Jose Ma Romo,
and Estrella Martin-Mazuelos. 2012. "Comparison Of The Cobas 4800 Human Papillomavirus Test Against A
Combination Of The Amplicor Human Papillomavirus And The Linear Array Tests For Detection Of HPV Types 16
And 18 In Cervical Samples". Journal Of Virological Methods 180 (1-2): 7-10. doi:10.1016/j.jviromet.2011.12.002
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The same methodology is used in the Clinical Arrays HPV test (Genomic SAU, Madrid
Spania) which detects 35 genotypes that are individually assigned to HR-HPV or LR-HPV. The
method identifies the singular or multiple infection.

In comparison with the previous tests that only confirm the presence of the HPV infection,
the HPV-mRNA test adds more information because it identifies a HPV transformed, progressive
infection, that affects the cellular cycle after the intracellular HPV viral genome integration into
the host DNA. This is proven by detecting the E6 and E7 proteins overexpression in HPV HR
infections 22,

The commercial tests able to identify the E6/ E7 mRNA HPV —HR are the Pre Tect Proofer
test (Norchip) -that allows the detection of the E6/ E7 mRNA in 5 HPV-HR types (16, 18, 31, 33,
45)-, and the APTIMA test(GenoProbe) — that has a higher availability of detecting the E6/ E7
mRNA in more HPV-HR types, that is 14 HPV types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
66, 68).

The E6/ E7 mRNA detection is also possible by using the QIAGEN test (US), covering a
range of 13 HPV-HR types (16, 18, 31,33, 35, 39, 45, 51, 52, 56, 58, 59, 66). This method is used
in the areas without a water source and electricity. The devices occupy a small space (25cmx50cm).
Another advantage is the short period of processing the data (just 2h 30 minutes in comparison
with longer duration for Hc2).

Therefore, the testing methods used for HPV infections have benefits and limits as regards
an accurate diagnosis and choosing the most adequate medical attitude. According to our study
criteria, we will make a distinction between the benefits and the limits of HPV testing methods
using the tests presented until now.

The conclusions of collected studies reveal that the Cervista HPV testing has high
sensitivity and specificity in detecting the HPV 16/18 types. The Cervista assay has 100%
sensitivity in detecting the HPV types capable of evolving into CIN3 lesions . Detecting the
HPV 16 and 18 allow the stratification of the HPV infection oncological risk, without a crisp
distinction between HPV infections that resolve spontaneously and progressive HPV infections.
The identification of the E6/E7 mRNA in HPV-HR confirms the existence of a HPV transformative
infection .

The presence of a 1:1 ratio between E2 and E6/7 genes confirms the HPV integration by
using the Real-Time PCR method. The precancerous lesions progression risk varies with the HPV
HR type: 10-15% risk for HPV HR type 16/18 and < 3% for other HPV HR types 4.

Besides the technologies proving HPV infection, a special role is played by biotechnologies
that can detect the viral load. They are used within the PCR, Fluorescence in situ hybridization and
RealTime PCR tests.

Analyzing the data published in the literature leads to formulating the benefits and
disadvantages of detecting the presence of an HPV infection.

22 Rosenblatt C, Wroclawski ER, Lucon AM, Pereyra EAG. HPV in Clinical Practice. Atheneu, Sdo Paulo; 2005. pp.
25-37

23 Johnson, Lawrence R., Cindi R. Starkey, James Palmer, James Taylor, Spencer Stout, Stephanie Holt, and Ryan
Hendren et al. 2008. "A Comparison Of Two Methods To Determine The Presence Of High-Risk HPV Cervical
Infections". American Journal Of Clinical Pathology 130 (3): 401-408. doi:10.1309/4dxeafg2jxyf34n3

24 Abreu, André L P, Raquel P Souza, Fabricia Gimenes, and Marcia E L Consolaro. 2012. "A Review Of Methods
For Detect Human Papillomavirus Infection". Virology Journal 9 (1): 262. d0i:10.1186/1743-422x-9-262
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It can be unequivocally affirmed that the HPV types inducing PCL or CC are different.
Types 16 and 18 are the most commonly involved types in CC, HPV type 16 is dominant in CIN3
+ lesions. Equally, it is known that the variation in PCL and CC risk is influenced by the type of
HPV infection, viral load, vaginal microbiome, individual immunity and it is related to
geographical areas.

It is also relevant that the viral integration is an early event that occurs before morphological
changes progressing to cancer. Viral HPV DNA integration does not coincide with the immediate
presence of a high grade lesion?®. Triggering strategies according to Eurogin Roadmap 2017 take
into account the fact that the detection of HPV infection does not distinguish between transient and
progressive infection, HPV detection has a late prediction of the risk of precancerous lesions, a
risk manifested over years. Practically, the HPV testing is able to identify women who may be at
increased risk of cancer in the future without the presence of detectable cervical lesions.

The prevalence of the type of HPV infection is correlated both with the presence of PCL/CC
and the presence of HPV in the healthy population 2°. The use of detecting the presence of the HPV
infection and genotyping is extensive, and it offers extensive diagnostics. Currently, HPV DNA
genotyping requires being the primary screening method in many national programs and is equally
useful for co-testing together with the Pap test, and also for the triage of cases with equivocal
cytology or low grade, surveillance of cases with abnormal cytological screening results with
negative colposcopies and biopsies. Also, repeating the HPV testing is required for the prediction
of the evolution after the treatment of CIN lesions. These recommendations are also joined by the
need to check the persistence of HPV strains, identifying the prevalence of certain HPV strains to
assess the overall impact of HPV vaccination.

Therefore, HPV genotyping is required as the primary screening method within national
programs, but can be also significant in the triage methods of the progressive cervical lesions.

The benefits of primary HPV-HR screening consist in identification of cases assigned to
risk groups, setup of time interval for new control, stating the diagnostic for lesions > CIN2+ in
a percentage significantly higher than that for Pap test. Another advantage is prolongation to 5
years for screening interval for tested cases with negative HPV-HR result.

The results of studies show that, by identifying the HPV-HR positive persistent cases with
normal cytological result, the primary HPV-HR screening leads to increased number of
colposcopy recommendations in order to get a presumptive colposcopic diagnostic.

Co-testing and triage of the ASCU-US and LSIL lesions

A delicate problem is the one related to the precancerous cervical lesions triage for the
purpose of using methods to differentiate the lesions that spontaneously resolve from the
progressive ones. This difficulty in diagnosis is exceeded by highlighting the
immunocytological/immunohistological markers in cases with positive Pap Cytology for PCL.
The benefits and limitations of these tests are revealed by the large studies results published

% Ho, Chih-Ming, Bor-Heng Lee, Shwu-Fen Chang, Tsai-Yen Chien, Shih-Hung Huang, Chiu-Cho Yan, and Weng-
Fang Cheng. 2011. "Integration Of Human Papillomavirus Correlates With High Levels Of Viral Oncogene
Transcripts In Cervical Carcinogenesis”. Virus Research 161 (2): 124-130. doi:10.1016/j.virusres.2011.06.012.

% Arbyn, M., P.J.F. Snijders, C.J.L.M. Meijer, J. Berkhof, K. Cuschieri, B.J. Kocjan, and M. Poljak. 2015. "Which
High-Risk HPV Assays Fulfil Criteria For Use In Primary Cervical Cancer Screening?". Clinical Microbiology And
Infection 21 (9): 817-826. doi:10.1016/j.cmi.2015.04.015
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worldwide, as well as the following studies: ATHENA, HERMES, PALMS, KPNC, Compass
Trail and Newsletter on Human Papillomavirus-HPV Today 2015, Study Pilot UK 2019. The
first marker approved to be introduced in clinical practice for the identification and triage of PCL
is represented by pl6ink4a cyclin. This is a tumoral suppression protein that intervenes in
adjusting the cellular cycle. Overexpression of the p16ink4a cyclin represents an indicator for the
excessive presence of E7 viral oncoprotein, as well as other oncoproteins that inactivates pRB 2’.
pl6ink4a cyclin is a specific marker capable of identifying the dysplastic cervical epithelium,
respectively CIN2+ lesions. The sensitivity and specificity of P16ink4a cyclin varies between
0.59 and 0.96, respectively 0.41-0.96 8. According to the diagnostic and supervision protocol
algorithm of the PCL, positive testing for P16ink4A in ASCUS and LSIL cytology requires
investigation completed by colonoscopy/biopsy 2°. Testing can be performed both on cytological
sample and on histological sections. The benefit of immunoexpression identification of 16 ink4a
cyclin consists in the fact that testing allows positive HPV cases identification. The New
Technologies for Cervical Cancer Screening (NTCC) Trial, which compares the results of the
HPV testing association with cytological testing versus singular cytological testing as primary
screening method, concluded that women at age between 35-60 have a 6 time increased risk of
developing CIN3+, respectively 4,7% vs 0,8% in cases with HPV positive/pl6ink4a positive
(HPV+/p16+) vs HPV positive/p16ink4a negative (HPV+/16-) *°. Besides the mentioned benefits,
P16ink4a testing has limitations related to the fact that individually morphological interpretation
is necessary regarding the nucleus and cytoplasm appearance inside which the p16INK4a cyclin
immunoexpression appears and also completing the Wentzensen score of quantification/intensity.
So, interpreting the test involves subjectivity reported at cytologist’s own experience of
evaluating 3. Among other limitations is the fact that p16INK4a test cannot select with clarity a
real progress towards cancer, cannot distinct between high and low transformative risk HPV
infections. Many studies conclusions revealed the fact that women that have been tested
HPV+/p16+ require colposcopy immediately, meanwhile in cases with women tested HPV+/p16-

27 Reuschenbach, Miriam, Andreas Clad, Christina von Knebel Doeberitz, Nicolas Wentzensen, Janina Rahmsdorf,
Frauke Schaffrath, Henrik Griesser, Nikolaus Freudenberg, and Magnus von Knebel Doeberitz. 2010. "Performance
Of P16ink4a-Cytology, HPV Mrna, And HPV DNA Testing To Identify High Grade Cervical Dysplasia In Women
With Abnormal Screening Results". Gynecologic Oncology 119 (1): 98-105. doi:10.1016/j.ygyno.2010.06.011

28 Tsoumpou, I., M. Arbyn, M. Kyrgiou, N. Wentzensen, G. Koliopoulos, P. Martin-Hirsch, V. Malamou-Mitsi, and
E. Paraskevaidis. 2009. "P16ink4a Immunostaining In Cytological And Histological Specimens From The Uterine
Cervix: A Systematic Review And Meta-Analysis". Cancer Treatment Reviews35 (3): 210-220.
doi:10.1016/j.ctrv.2008.10.005

29 Stinculescu, Ruxandra, Elvira Britild, Vasilica Bausic and Teodora Vlidescu. 2013. “The triage of low-grade
cytological abnormalities by the immunocytological expression of cyclin-dependent kinase inhibitor p16INK4a
versus Human Papillomavirus test: a real possibility to predict cervical intraepithelial neoplasia CIN2 or CIN2+".
Rom J Morphol Embryol. 54(4):1061-1065

30 Carozzi F, Gillio-Tos A, Confortini M, Del Mistro A, Sani C, De Marco L, Girlando S, Rosso S, Naldoni C, Dalla
Palma P, Zorzi M, Giorgi-Rossi P, Segnan N, Cuzick J, Ronco G; 2013, NTCC working group. Risk of high-grade
cervical intraepithelial neoplasia during follow-up in HPV-positive women according to baseline p16-INK4A results:
a prospective analysis of a nested substudy of the NTCC randomised controlled trial, Lancet Oncol. 2013;14: 168—
176

31 Wentzensen, Nicolas, Christine Bergeron, Frederic Cas, Denise Eschenbach, Svetlana Vinokurova, and Magnus
von Knebel Doeberitz. 2005. "Evaluation Of A Nuclear Score For P16ink4a-Stained Cervical Squamous Cells In
Liquid-Based Cytology Samples". Cancer 105 (6): 461-467. doi:10.1002/cncr.21378.
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second testing after 2 years is recommended®2. P16ink4a cyclin testing limitations are exceeded
by introducing in clinical practice 16INK4a/Ki 67 testing, (Dual test), statistically proven to have
a better reproducibility and accuracy than P16ink4a testing.

Statistical data confirm that p16INK4a/Ki 67 testing has a greater sensitivity than Pap test
in identifying cervical lesions associated with HPV-HR, while specificity remains identical to
Pap test.

In the last years testing of HPV infection associated with cytological co-testing by dual
test p16INK4a/Ki67 was established in clinical practice, thus enhancing the accuracy of the
diagnosis. Double testing advantages consist in the fact that it allows triage of HPV positive cases,
with identifying HPV positive progressive cases. Among other benefits of p16INK4a/Ki 67
double testing include automatic reading of the result, which cancels subjectivity in interpreting
the results, as well as reducing the duration of cytologist training 3, 34, Immunoexpression of the
pl6ink4a/Ki 67 dual test biomarker allows to identify high histological lesions of intraepithelial
cervical neoplasia. Comparisons on the specificity of the p16ink4a/KI 67 test versus Pap test and
HPV genotyping demonstrate that dual assay has specificity similar to PAP test but higher in
relation to HPV DNA genotyping.

CONCLUSIONS

Primary screening in cervical cancer by HPV genotyping with Pap co-testing are endorsed
by current biotechnologies so this becomes an adequate option, supported by statistical data.

Primary HPV screening associated with Pap co-testing increases the colposcopies number
but mitigates inappropriate surgery.

The negative result of abovementioned tests justifies widening the screening time interval
to 3-5 years

In the event that the primary screening was performed with Pap cytological test, the triage
of ASC-US and L-SIL lesions is possible by conducting cell expression identification tests of
pl6ink4a immunomarkers or p16ink4a/Ki67 dual test.

A promising objective for research is to investigate which will be the effects of nonavalent
HPYV vaccine vs bivalent and quadrivalent HPV vaccines on the presence and progression of PCL.
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