Short Communication

Cervical Screening Using HPV mRNA: A New Modality

Cervical cancer is one of the leading causes of mortality
among women. In India, the incidence of cervical
cancer is 18.5/100,000.'"" According to the WHO, it is
estimated that 45,300 women died of cervical cancer
in India in 2019."" According to the GLOBOCON
2020, Asia has 60% of cervical cancer cases with
a mortality of 57.3%.) Reduction in mortality and
morbidity caused by cervical cancer can be reduced
to a great extent by screening, early detection, and
management.

HPV mRNA testing

(collected by clinician)

Screening of precancerous lesions of the cervix plays a
major role in reducing the incidence of cervical cancer.
Screening tests should be able to detect early cancers
and preinvasive lesions, and early treatment should be
more advantageous than treatment given during clinical
presentation.

Traditional methods of screening for cervical cancer
have been cytology (Pap smear and liquid-based
cytology). In positive results, a colposcopy is done and
treatment is given after biopsy of suspicious lesions and
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without magnification)
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* Ablative treatment includes cryotherapy and thermal ablation.

* Cold knife conization (CKC) if LLETZ not available.

¢ LLETZ and LEEP (loop electrosurgical excision procedure) indicate the same procedure.

¢ Histology may not be available in certain settings; women should be advised to attend follow-up after 1year or to
report earlier, f they have any of the symptoms of cervical cancer.

AIS: adenocarcinoma in situ; CIN: cervical intraepithelial neoplasia; HPV: human papillomavirus; LLETZ: large-lcop

excision of the transformation zone.

Algorithm 1: Primary human papillomavirus messenger RNA screening (screen-and-treat approach): For the general population of women. HPV:
Human papillomavirus, mnRNA: Messenger RNA, AIS: Adenocarcinoma in situ, CIN: Cervical intraepithelial neoplasia, LLETZ: Large loop excision

of the transformation zone
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histopathological confirmation. Visual inspection with
acetic acid (VIA) and Lugol’s iodine is used in low-setting
areas. Newer screening tests for the detection of cervical
cancer include molecular tests, mainly high-risk human
papillomavirus (HPV) DNA-based tests.

More recently, even newer tests and techniques have

been developed:

(i) Other molecular tests which include detecting HPV
messenger RNA (mRNA), oncoprotein, or DNA
methylation

(i1) Test done on cytological samples such as p16/Ki-67
dual staining!¥

(iii) Advanced visual inspection tests which are
based on artificial intelligence/machine learning
platforms.!

This article focuses on the use of newer methods of
HPV detection, i.e. HPV mRNA tests (HPV E6/E7
mRNA detection).

The HPV DNA test detects either the viral DNA using
the hybridization technique or detects L1 capsid protein
or the E genes using polymerase chain reaction. In
contrast, HPV mRNA tests detect transcripts of the
viral E6 and E7 oncoproteins. These oncoproteins
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Ablative treatment includes cryotherapy and thermal ablation.
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LLETZ and LEEP (loop electrosurgical excision procedure) indicate the same procedure.
Histology may not be available in certain settings; women should be advised to attend follow-up after 1 year or to
report earlier, if they have any of the symptoms of cervical cancer.
AlS: adenocarcinoma in situ; CIN: cervical intraepithelial neoplasia; HPV: human papillomavirus; LLETZ: large-lcop
excision of the transformation zone; VIA: visual inspection with acetic acid.

b Cold knife conization (CKC) if LLETZ not available.
d

Algorithm 2: Primary human papillomavirus messenger RNA screening and visual inspection with acetic acid triage (screen, triage, and treat
approach): For the general population of women. HPV: Human papillomavirus, nRNA: Messenger RNA, AIS: Adenocarcinoma in situ, CIN: Cervical
intraepithelial neoplasia, LLETZ: Large loop excision of the transformation zone, VIA: Visual inspection with acetic acid
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are responsible for the HPV-mediated oncogenic
transformation of epithelial cells.?!

The process of carcinogenesis starts with HPV virus
entering the basal layer of the cervical epithelium
and integrating HPV DNA with host DNA in cells.
This integration leads to expression of E6 and E7
oncoproteins.”” E7 oncoprotein, in turn, degrades
retinoblastoma (pRb) tumor suppressor protein, which
leads to uncontrolled activation of the cell cycle.’! E6
oncoprotein degrades p53 tumor suppressor protein,
which leads to inhibition of apoptosis and upregulating
telomerase activity.®®! This leads to the neoplastic
transformation of cervical intraepithelial cells.

Since this expression of HPV mRNA leading to the
production of E6 and E7 oncoproteins is directly involved
in neoplastic transformation, detection of these oncoproteins
could be more specific than detection of HPV viral DNA.
Hence, HPV mRNA tests directly correlate with actual
viral replication, which occurs years after HPV infection,
which in turn leads to the precancerous stage; detection of
these proteins appears to be more specific.

The WHO suggests that HPYV mRNA tests can be used
as a primary screening test with or without triage in
place of HPV DNA, provided that the samples are taken
by a health-care worker to prevent cervical cancer in
the general population of women with regular screening
every 5 years.”

For screening and treatment, different primary screening
and triage tests can be combined for better results. The
WHO has recommended the following combinations
with HPV mRNA testing.!

* Screen-and-treat approaches

HPV mRNA testing
(collected by clinician)
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Algorithm 3: Primary human papillomavirus messenger RNA screening
and colposcopy triage (screen, triage, and treat Approach): For the
general population of women. HPV: Human papillomavirus, mRNA:
Messenger RNA

e HPV mRNA as the primary screening test

[Algorithm 1], followed by treatment.
» Screen, triage, and treat approaches;

e HPV mRNA as the primary screening test,
followed by VIA triage [Algorithm 2], followed
by treatment

e HPV mRNA as the primary screening test,
followed by colposcopy triage [Algorithm 3],
followed by treatment

* 4 HPV mRNA as the primary screening test,
followed by cytology triage, followed by
colposcopy and treatment [Algorithm 4].

According to the WHO, if we compare long-term
effect of HPV mRNA testing with HPV DNA testing,
in 5-year interval screening, HPV mRNA has 8%—12%
higher relative cervical cancer incidence and 6%—8%
higher cervical cancer mortality.® However, the number
of treatments for precancer lesions may be lower as
compared to HPV DNA (27%-33% fewer precancer
treatments), which leads to lowering of cost (6%—10%
lower).BN HPV infection is usually transient, self-limiting,
and gets spontaneously cleared; hence, the presence of
this DNA does not necessarily mean that a precancerous
abnormality will develop. On the other hand, expression
of E6 and E7 proteins occurs later in life and is
more related to neoplastic transformation. Hence, the
presence of HR-HPV E6/E7 mRNA in cervical cells
more accurately detects a risk of developing cervical
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Algorithm 4: Primary human papillomavirus messenger RNA screening
and cytology triage followed by colposcopy (screen, triage, and

treat approach): For the general population of women. HPV: Human
papillomavirus, mRNA: Messenger RNA
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intraepithelial neoplasia and cervical cancer, than the
presence of HPV DNA.B7

If compared to cytology screening or VIA, HPV mRNA
screening will result in greater reductions in cervical
cancer mortality and incidence.®! The cost of HPV
mRNA and HPV DNA testing is almost the same and
both have similar equipment and training needs."!

At present, Aptima™ mRNA assay is the only
technology commercially available for HPV mRNA
testing. This test can qualitatively detect the expression
of HPV E6 and E7 mRNA in 14 high-risk types of
HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
and 68) using real-time amplification.*”8! Studies have
shown that cost of using the Aptima mRNA HR-HPV
assay is less as compared to HPV DNA testing . It also
avoids unnecessary HPV repeat testing, cytology testing,
and colposcopies.®

Research gaps have been identified in HPV mRNA
screening tests. First, most of the studies have
cross-sectional data on HPV mRNA testing. Long-term
effects and results are still awaited. Hence, comparative
longitudinal studies which compare HPV mRNA and
HPV DNA screening tests should be done. Furthermore,
studies conducted up till now have been done for the
general population. There are no guidelines for the use
of HPV mRNA for screening in HIV-positive women.
Hence, longitudinal studies are needed for HIV-positive
women.

To summarize, HPV mRNA has been found to be more
specific and cost-effective in detecting preinvasive
lesions of cancer. Further studies and research are
needed to form proper guidelines for using HPV mRNA
as a primary screening test in cervical cancer screening.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

Nupur Anand', Yashodhara Pradeep'?, Ayush Srivastava’,
Sameena Parikh'

"Department of Obstetrics and Gynaecology, Era’s Lucknow
Medical College and Hospital, Department of Obstetrics and
Gynaecology, RML Institute of Medical Sciences, Lucknow,
Uttar Pradesh, India, *Department of Obstetrics and Gynaecology,
The University of Texas Health Science Center, San Antonio,
Texas, USA

Address for correspondence: Dr. Nupur Anand,

Department of Obstetrics and Gynaecology, Era’s Lucknow
Medical College and Hospital, Lucknow, Uttar Pradesh, India.
E-mail: nupur28@yahoo.co.in

Submitted: 11-Dec-2023
Revised: 15-Feb-2024
Accepted: 19-Feb-2024
Published: 04-Apr-2024

REFERENCES

1. Cervical Cancer India Country Profile; 2021. Available from:
https://www.who.int/publications/m/item/cervical-cancer-ind-
country-profile-2021. [Last accessed on 2023 May 18].

2. Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Pifieros M,
Znaor A, et al. Cancer statistics for the year 2020: An overview.
Int J Cancer 2021;149:778-9.

3. WHO. WHO Guideline for Screening and Treatment of Cervical
Pre-cancer Lesions for Cervical Cancer Prevention, Second
Edition: Use of mRNA Tests for Human Papillomavirus (HPV).
Geneva: WHO Press; 2021. p. 63. Available from: https:/www.
who.int/publications/i/item/9789240030824. [Last accesse on
2023 Nov].

4. Gupta A, Ahmad MK, Mahndi AA, Singh R, Pradeep Y.
Promoter methylation and relative mRNA expression of the pl6
gene in cervical cancer in North Indians. Asian Pac J Cancer
Prev 2016;17:4149-54.

5. Lie AK, Kristensen G. Human papillomavirus E6/E7 mRNA
testing as a predictive marker for cervical carcinoma. Expert Rev
Mol Diagn 2008;8:405-15.

6. Serbye SW, Fismen S, Gutteberg TJ, Mortensen ES,
Skjeldestad FE. Primary cervical cancer screening with an
HPV mRNA test: A prospective cohort study. BMJ Open
2016;6:¢011981.

7. Stoler MH, Wright TC Jr, Cuzick J, Dockter J, Reid JL,
Getman D, et al. APTIMA HPV assay performance in women
with atypical squamous cells of undetermined significance
cytology results. Am J Obstet Gynecol 2013;208:144.¢1-8.

8.  Weston G, Dombrowski C, Harvey MJ, Iftner T, Kyrgiou M,
Founta C, et al. Use of the aptima mRNA high-risk human
papillomavirus (HR-HPV) assay compared to a DNA
HR-HPV assay in the English cervical screening programme:
A decision tree model based economic evaluation. BMJ Open
2020;10:¢031303.

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed under the identical
terms.

Access this article online

Quick Response Code:

Website: https://journals.lww.com/jomh

DOI: 10.4103/jmh.jmh_246_23

How to cite this article: Anand N, Pradeep Y, Srivastava A, Parikh S.
Cervical screening using HPV mRNA: A new modality. ] Mid-life Health
2024;15:25-8.

Journal of Mid-life Health | Volume 15 | Issue 1 | January-March 2024



https://www.who.int/publications/m/item/cervical-cancer-ind-country-profile-2021
https://www.who.int/publications/m/item/cervical-cancer-ind-country-profile-2021

