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Cervical cancer is the fourth most common cancer in women in the world. To eliminate cervical cancer
by 2030, the World Health Organization has given the target of 70 per cent coverage of twice lifetime
screening. A multitude of screening methods are available, including cytology, human papillomavirus
(HPV) DNA testing and visual inspection tests. Precision tests, including molecular and protein
biomarkers such as DNA methylation, p16 immunostaining, and HPV mRNA testing help to enhance
specificity of the screening. Worldwide HPV DNA testing with or without cytology is used as a screening
method of choice, while in resource-poor settings, visual inspection tests are recommended. The major
hurdle is a uniform and systematic implementation with a recall method in the population. Besides,
controversies still exist regarding strategies to manage HPV-positive women and developing guidelines

to screen the vaccinated population.
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Cervical cancer is the fourth most common cancer
and the fourth leading cause of cancer death among
women worldwide with 6,04,127 new cases and
3,41,831 deaths annually. It is the second most common
cancer in India with 1,23,907 new cases and 77,348
deaths per year'. In May 2018, the Director-General of
World Health Organization (WHO) announced a call
for action to eliminate cervical cancer as a public health
problem, and a draft global strategy was developed
in 2019 which included triple-intervention targets
for scale-up of vaccination, screening, precancer
treatment and invasive cancer treatment in all
countries?. These targets specify 90 per cent coverage
of human papillomavirus (HPV) vaccination, 70 per
cent coverage of twice lifetime screening and 90 per

cent access to cervical precancer and cancer treatment
and palliative care by 20302 The modelling studies
done on this triple-intervention strategy by the WHO
Cervical Cancer Elimination Modelling Consortium
showed that successful implementation would reduce
mortality by 98.6 per cent, avoiding 62.6 million deaths
by 21203. With this strategy over the next 10 yr, about
half of deaths would be averted in Sub-Saharan African
countries and almost a third (32%) in South Asia’. The
inclusion of twice lifetime screening in addition to
HPV vaccination accelerated elimination by 11-31 yr*.

With continuing research and greater insight into
pathogenesis, cervical cancer screening has evolved
from a simple Pap smear to a multitude of screening

© 2022 Indian Journal of Medical Research, published by Wolters Kluwer - Medknow for Director-General, Indian Council of Medical Research



RAJARAM & GUPTA: METHODS & CONTROVERSIES IN CERVICAL CANCER SCREENING 211

options, namely cytology, visual inspection tests, HPV
testing, co-testing and use of sophisticated precision
tests including molecular and protein biomarkers
which specifically show transforming infections and
next generation sequencing (NGS)-based tests for viral
genome integration. Here we summarize the currently
available  screening  strategies, evidence-based
screening guidelines used worldwide and associated
dilemmas.

Cervical cancer screening: Choices

Cytology: Cervical cytology is based on the examination
of cells obtained from cervical transformation zone for
any cellular and nuclear abnormality. In conventional
cytology (CC), the smear is spread onto a glass slide
and immediately fixed by dipping the slide in the
Koplin jar containing 95 per cent ethyl alcohol while in
liquid-based cytology (LBC) the cells are transferred
to a liquid preservative solution that is transported to a
laboratory where the slide is prepared. The advantages
of LBC include a lower incidence of unsatisfactory
smears and reflex testing for HPV DNA in abnormal
smears from the same liquid medium.

In a meta-analysis, for cervical intraepithelial
neoplasia (CIN) 2+, the sensitivity and specificity for
CC(ASCUS+)was 62.5and 96.6 per cent, respectively”.
The sensitivity and specificity of liquid-based cytology
was 72.9 and 90.3 per cent, respectively, at ASCUS +
threshold for CIN 2+ disease. On comparison with HPV
HC2, both CC and LBC had relatively lower sensitivity
for CIN2+ disease at 1.52 [95% confidence interval
(CI): 1.24 to 1.86] and 1.18 (95% CI: 1.10 to 1.26),
respectively. However, HPV HC2 was less specific
compared to cytology with relative specificity of 0.94
(95% CI: 0.92 to 0.96) and 0.96 (95% CI: 0.95 to 0.97)
for CC and LBC, respectively. As the false-negative
rate of cytology is higher, a negative HPV is more
reassuring compared to negative cytology”.

Dual staining (withp16/Ki67) in cytology: The addition

of dual staining to cytology increases the sensitivity for
detection of high-grade precancer and is a marker for
transforming HPV infection. In a nested cohort in the
Addressing the Need for Advanced HPV Diagnostics
(ATHENA) trial, the sensitivity of dual-stained
cytology versus Pap cytology was significantly higher
(74.9 vs. 51.9%), as were negative predictive value
(NPV) and positive predictive value (PPV); whereas
specificity was equivalent for detection of CIN 3+°. In
another study, the sensitivity of p16/Ki-67 dual staining
was significantly more compared to cytology (0.88 vs.

Box. Commonly used human papilloma virus (HPV) tests
Hybridization-based: SPF LiPA method
PCR-based: MY09/11 and CPI/II systems

Signal-amplification assays: Hybrid capture 2 and cervista
HPV HR

Nucleic acid-based amplification:
Microarray
Real-time PCR-based methods (Cobas 4800)

Newer tests of HPV integration using next generation
sequencing: Investigations using TEN16 or HIVID
methodology

Source: Refs 8-10. HR, high risk; HIVID, high-throughput
viral integration detection

0.79; P=0.008) for predicting CIN-3 alone while the
specificity was much less (0.28 vs. 0.35; P=0.002).
However, at a cut-off for CIN2/3, the combination
testing fared better compared to cytology’.

Human papilloma virus testing: Primary HPV testing
is increasingly used as the standard test for cervical
cancer screening worldwide. It can also be done
as a reflex test following abnormal cytology report
(ASCUS or higher) and can be used as co-test where
HPV testing and cytology are done simultaneously and
management decision is based on the combined report.

To date, there are about 254 distinct commercial
HPV tests and 425 test variants available in the global
market, of which only 40 per cent have at least one peer
reviewed publication and 90 per cent are not evaluated
according to safety consensus in clinical settings®. The
commonly used tests are summarized in the Box.

Three DNA-based assays have been approved by
the US Food and Drug Administration (FDA) for routine
cervical cancer screening. The first one approved in
2003, was Digene Hybrid Capture 2 High-Risk HPV
DNA test (HC2; Qiagen, Hilden, Germany), and
majority of studies have been done using this assay.
The sensitivity of HC2 for high grade disease ranged
from 85 to 100 per cent while the specificity was
70-96 per cent’. The second test, Cervista HPV HR
test (CER; Hologic, Madison, WI) was approved in
2009 and was shown to have lower cross-reactivity
with other HPV types. In 2011, FDA approved the
Cobas® HPV test (Roche, Pleasanton, USA) which
was approved as a primary screening test as it identifies
HPV16, HPV 18 and a pool of 12 other high risk HPV
thereby enhancing specificity'’.

Evidence of efficacy of HPV tests: According to
the Cochrane review published in 2017°, both the
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pooled sensitivity and specificity estimates for Hybrid
capture 2 (HC2) test was 89.9 per cent. Taking
cervical intraepithelial neoplasia (CIN) 3+ as cut-off,
on comparison with cervical cytology, the relative
sensitivity of HC2 was 1.46 (95% CI: 1.12 to 1.91) and
the relative specificity 0.95 (95% CI: 0.93 to 0.97). There
was no significant difference in comparison with liquid-
based cytology®. Another systematic review of pooled
data from 15 studies with 45,783 participants showed
that the overall sensitivity was 94 per cent (range:
64-100%) while the overall specificity was 88 per cent
(range =56-97%)"". The extended follow up of one of the
earliest studies evaluating HPV testing, The Canadian
Cervical Cancer Screening Trial”> showed that
HPV-based screening was more effective than cytology
and detected more CIN2+ disease than cytology on
follow up (54.2 vs. 19.3%). The risk of CIN 2+ disease
was 1.15 per cent in HPV—/Pap— women compared to
26.05 per cent for HPV+/Pap+ women'?. Genotype-
specific testing may provide further improvement in its
positive predictive value. The ATHENA trial showed
that risk of CIN 2+ disease or worse was significantly
more in HPV 16/18 +ve women (24.4%) compared to
pooled high risk (HR) HPV +ve (14%) or HR HPV
negative women (0.8%)"3. The sensitivity at CIN 3+ cut-
off was 76 per cent with HPV test compared to 47.8 per
cent with cytology and 61.7 per cent on co-testing.

The Kaiser Permanente Northern California
(KPNC) screening programme results have shown
reduced risk of high-grade CIN and invasive cancer
after a negative HPV compared to negative cytology
at five years (0.14 vs. 0.31% for CIN 3+; 0.017 vs.
0.31% for invasive cancer, respectively)'. The rate of
invasive cervical cancer among HPV-negative women
was significantly lower at 3.5 and 5.5 years compared
to negative cytology group (0.0046 and 0.0087%, vs.
0.0154 and 0.036%, respectively)!®>. HPV testing is
found to be more effective than cytology in diagnosis
of adenocarcinoma's.

The New Technologies for Cervical Cancer
screening (NTCC) Working Group showed that
although the detection of invasive cancer was similar
in the first round with both HPV test and cytology,
but at round two, no case was detected in the HPV
group compared to nine cases in the cytology group
(P=0.62)"".

Self sampling: Evidence from various studies shows
that HPV self-sampling is convenient, easy to use,
ensures a woman’s privacy and is cost-effective, thus

may increase compliance towards screening'®. In a
systematic review and meta-analysis", the screening
uptake in the HPV self-sampling group was 2.13 times
more compared to controls without any difference and
the linkage to clinical assessment/treatment outcomes
(RR1.12,95% CI10.80 to 1.57). Maximum difference in
response was seen when the HPV kits were distributed
door to door or mailed directly®.

In a randomized trial comparing self-collection
versus clinician taken samples, using a validated
PCR assay, the positivity rate for HPV was similar at
seven per cent in both and the relative sensitivity and
specificity for CIN 2+ and CIN3+ was same in both
the groups after 20 months follow up?. Self-sampling
holds promise in areas that are inaccessible and studies
on self sampling for HPV testing in Africa have shown
self-sampling as a promising option in developing
countries and degree of concordance was high for both
HPV DNA tests and cytology in self collected and
clinician taken samples?'. With HC2 and PCR HPV
assays, the concordance in self-samples was 91 per
cent while it was 95 per cent for physician-collected
samples?.

Co-testing: Co-testing is combined testing with both
cytology and HPV testing. In one of the randomized
trials of HPV DNA testing (Canadian Cervical Cancer
Screening Trial), the sensitivity, specificity, positive
and negative predictive value of co-testing were
100, 92.5, 5.5 and 100 per cent, respectively?. The
colposcopy referral with co-testing was 7.9 per cent
while it was six per cent with HPV testing alone and
1.2 per cent with HPV testing and cytology triage in
the same study. In co-testing, HPV testing is more
important than cytology. According to the extended
follow up of ARTISTIC trial** irrespective of the
baseline cytology status, baseline HPV detection
increased the risk of CIN 2+ disease by more than 10
fold (37.4 for HPV +ve/cytology +ve vs 3.24 for HPV
—ve / cytology +ve). The investigators concluded that
the screening interval could be extended to six years
if HPV testing replaced cytology as primary screening
test since the risk of CIN 2+ disease was significantly
less with negative HPV result compared to negative
cytology?.

In a five year cumulative analysis of KPNC
cohort, there was no significant difference in
five-year cumulative risk of cancer after a negative
co-test compared to negative HPV result (3.2 per 100,00
women per year vs. 3.8 per 100,000 women per year)'.
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HPV-negative women had either normal cytology or
minor changes in 99.5 per cent women, while abnormal
cytology significantly increased the cumulative risk of
CINinHPV-positivewomen (12vs. 5.9%). HPV-positive
women who had normal cervical cytology, had 34 per
cent (258/747) of all CIN 3+ disease or adenocarcinoma
in situ, 29 per cent (25/87) of all cervical cancers and
63 per cent (17/27) of all diagnosed adenocarcinomas.
In contrast, abnormal cytology in HPV-negative
women did not increase the risk of CIN 3+ substantially
(0.86 vs. 0.16%)'*. In the Population-Based Screening
Study Amsterdam cohort, the risk of CIN 3+ was two per
cent in HPV positive/cytology negative women versus
0.2 per cent in HPV negative population®. In another
study, HPV testing was more likely to be positive for
CIN3 (83.9 vs. 62.8%, P<0.001) and adenocarcinoma
in situ (AIS) (82.2 vs. 53.2%, P<0.001) compared to
cytology?®.

Visual inspection tests: A satisfactory alternative to
cytology is visual inspection tests with 3-5 per cent
acetic acid [visual inspection with acetic acid (VIA)]
and/or Lugol’s iodine (VILI). The abnormal area
appears to be dense acetowhite and Lugol’s negative.
These are simple, easy-to-use, cost-effective tests which
can be used by healthcare workers and are especially
useful in low-resource countries which lack finances,
expertise, infrastructure and technical support?’-*,

The accuracy of visual inspection tests has been
extensively studied and is found to be effective. In
the ASPIRE trial, there was 24 per cent reduction
in the cancer risk by screening with VIA once in
five years®. Sensitivity of VIA is reported around
80 per cent (range, 79-82%), specificity 92 per
cent (range, 91-92%) and positive predictive value
10 per cent (range, 9-10%)*. In a systematic review
of community-based screening studies using VIA in
India, the sensitivity ranged from 16.6 to 82.6 per cent
and specificity from 82 to 96.8 per cent in the detection
of CIN 2+ disease®'. With VIA there was 25 per cent
reduction in cervical cancer incidence and a 35 per cent
reduction in mortality*2.

VIA can be also used for screen-and-treat
programmes. In a randomized trial, comparing
immediate treatment with delayed evaluation, during
follow up visit at six months, CIN 2+ was diagnosed
in 2.23 per cent (95% CI, 1.57-2.89%) in the VIA
screen-and-treat group compared with 3.55 per cent
(95% CI, 2.71-4.39%) in the delayed evaluation group
(P=0.02)*. The screen-and-treat strategy is safe,

effective, increases compliance and minimizes loss to
follow up. This is relevant, because in low-resource
settings, recalling patients for additional testing or
treatment can be a critical component to a programme’s
success. Results from demonstration projects in
Peru, Uganda and Vietnam concluded that VIA with
cryotherapy was a feasible approach and activities
such as education, strengthening systems to track
clients for follow up, ensuring adequate trained staff
and organizing services to meet women’s schedule
and needs were the key components to programme
success*®. The WHO has issued guidelines on the use
of a screen-and-treat approach using VIA for screening
and treatment with cryotherapy?>.

The drawbacks of VIA include test performance
dependent on operator skill and lower accuracy in
menopausal women. In a meta-analysis, Mustafa et al'!
compared VIA with HPV testing and cytology. The
pooled estimates for VIA sensitivity and specificity
were 0.69 (95% CI 0.54-0.81) and 0.87 (95% CI
0.79-0.92) versus 0.95 [95% CI 0.84-0.98) and 0.84
(95% CI 0.72-0.91) for HPV testing, respectively.
Five per thousand cases of CIN 2-3 were diagnosed
more with HPV compared to VIA'". On comparison
with cytology, the pooled estimates for VIA sensitivity
and specificity were 0.77 (95% CI 0.66-0.85) and 0.82
(95% CI 0.67-0.91), respectively versus 0.84 (95% CI
0.76-0.90) and 0.88 (95% CI1 0.79-0.93), for cytology''.

Visual inspection with Lugol’s iodine has a higher
sensitivity with almost similar specificity compared to
VIA thus further increasing the false-positive rates. The
pooled sensitivity and specificity for VIA were 76.8
(95% CI: 74.2-79.4%), and 85.5 (95% CI: 85.2-85.8%)
respectively, compared to 91.7 (95% CI: 89.7-93.4%)
and 854 (95% CI: 85.1-85.7%), respectively for
VILI*. Despite being a more sensitive test, it has not
been introduced in the mass screening programmes,
the probable reasons may be increased false-positive
rates.

The comparative efficacy of cytology, HPV testing
and visual inspection tests is summarized in the Table.

Newer strategies

High risk (HR) HPV E6/E7 mRNA test. Tests for
detecting HR HPV E6/E7 mRNA test helps identify
patients with actively infected cells and transforming
viral infection where the process of DNA integration has
been initiated and indicates disease progression. In 2011,
mRNA-based E6/E7Aptima® HPV assay (Hologic,
SanDiego, CA, USA) was approved by the US FDA for
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Table. Accuracy of cervical cancer screening tests

Test Sensitivity Specificity
(%) (o)
Cytology 62.5-72.9  90.3-96.6

Visual inspection with acetic acid 74.2-79.4 85.2-85.8
Visual inspection with Lugol’s iodine 89.7-93.4 85.4
HPV DNA testing 94 88
Source: Refs 5,11,36. HPV, human papilloma virus

women older than 30 yr and as a triage tool for ASCUS
in 20-29 yr old females for detection of 14 high-risk HPV
types®’. The longitudinal predictive value supports that
the test can be used for primary screening with at least a
three to four year screening interval; a presumption that
still needs validation®**.

Women showing positive Aptima HPV (AHPV)
were further subjected to Aptima HPV-GT for 16
and 18/45 which was approved by the FDA in 20123,
In screening setting, results of the French Aptima
screening evaluation study showed that Aptima HPV
and HC2 were highly sensitive for CIN2+ (92.0
and 96.7%) and CIN3+ disease (95.7 and 95.3%)
detection, respectively and much more sensitive than
liquid based cytology*’. The FOCAL trial showed that
colposcopy referrals would be significantly reduced if
Aptima HPV+ women with abnormal LBC and HPV
16/18/45 were referred at baseline®. As a triage tool
for ASCUS AND LSIL, Aptima HPV has a sensitivity
of 96.2-96.7 per cent, while the specificity was 54.9
and 38.7 per cent, respectively. Aptima HPV showed
similar sensitivity but higher specificity as a triage tool
compared to HC24'

Tests for DNA integration and genome mutations
(next generation sequencing): Integration of HPV at the
open reading frames of viral E1 and E2 regions along
with upregulation of E6 and E7 oncogenes is the key
step in cervical carcinogenesis. With the development
of NGS, highly sensitive and specific HPV integration
tests are developed. Two methodologies which have
been used are namely TEN16 or HIVID; the former
was used to do the concomitant analysis of HPV 16
integration sites in a single mixture of 50 tumour
samples*.

Somatic DNA mutations have been identified
using NGS techniques which can work as early
screening biomarkers, for example, D-loop region
mutation in mitochondrial DNA which are particularly
detected in high grade CIN and cervical cancer but
not in low-grade disease®. Some mutations identified

in CIN and cervical cancer include CHEKI, EI24,
LOHI1ICR24, RASSFIA, PTCHI and PIK3CA with
variable frequency*. These tests serve as a potential
predictor of disease progression and may be considered
more specific than routine HPV tests and may even
serve as reference standard for genotyping. However,
the technology still is faced with challenges of technical
advancements, expertise and cost and larger studies are
needed to study its application in clinical practice.

DNA methylation: Elevated methylation of the HPV16
L1 and L2 open reading frames, in particular, is
associated with CIN2, CIN3 and invasive cancer®.
Approximately 10 genes have been repeatedly shown
to have elevated methylation in cervical cancers and
high-grade CIN (CIN2 and CIN3), most prominently
CADMI1, EPB41L3, FAM19A44, MAL, miR-124, PAXI
and SOXI. In a sample of HR HPV-positive women,
the sensitivity of CADMI1/MAL was 84 per cent (95%
CI 72-93%), the specificity was 52 per cent (95% CI
48-57%)%.

The pooled sensitivity of Zinc finger 582 (ZNF582)
methylation is 71 per cent and specificity 81 per cent
for (CIN3+), and the diagnostic accuracy of sequential
combined HPV DNA and ZNF582 methylation test is
higher than single HPV DNA testing?’. The sensitivity
of another gene, POU4F3 for CIN3+ was 74 per cent,
and the specificity was 89 per cent®. Our group has
done a study on PAX-1 methylation levels and found
that the mean methylation in benign lesions was lowest
i.e. 9.58 per cent [standard deviation (SD)+2.37%),
while the mean methylation in CIN 2/3 was 18.21 per
cent (SD+2.67%) and the mean methylation in invasive
cancer was highest at 24.34 per cent (SD%4.09%)
(unpublished data).

Screening guidelines

Screening guidelines for average-risk women
have been given by various societies namely
American Cancer Society (ACS), American College of
Obstetricians and Gynecologists (ACOG), American
College of Colposcopy and Cervical Pathology
(ASCCP), Society of Gynecologic Oncology (SGO),
and US Preventive Task Force (USPTF). USPTF,
ACOG, ASCCP and SGO do not recommend screening
for women younger than 21 irrespective of age at sexual
initiation and in women older than 65 yr with adequate
of negative screening results. The test of choice is
cytology alone every three years between 21 and 29 yr
and cytology every three years or hrHPV testing every
five years or co-testing every five years between the
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age group of 30-65 yr*. Adequate negative screening is
defined as three consecutive negative cytology results
or two consecutive negative co-test within 10 yr with
the most recent test performed within five years. ACS
recommends initiation of cervical cancer screening at
the age of 25 yr with primary HPV testing every five
years through age 65 yr as the preferred modality,
while co-testing every five years or cytology alone
every three years is also acceptable wherever primary
HPV testing is not available.

ASCCP has recently introduced Risk-Based
Management Consensus Guidelines to create
individualized assessments of a patient’s risk of
progressing to precancer or cancer based on present
and past results, and are available for use®.

Resource stratified screening guidelines by the
Federation of Obstetrics and Gynecologic societies of
India (FOGSI) have been developed to accommodate
the heterogeneity in the available resources across the
entire country’'. According to these guidelines, health
facilities were stratified into two resource settings good
or limited. HPV testing is the preferred test for good
resource settings either as standalone or in combination
with cytology. VIA by trained providers would be the
preferred choice in limited-resource settings unless an
affordable low-cost HPV test is available. The age to
initiate screening in good resource setting is 25 yr while
in basic settings, it is 30 years. A single visit screen-
and-treat approach may be offered in both the settings
if compliance cannot be ensured. The Operational
Framework guidelines developed by the Government
of India also recommend VIA as the screening
modality of choice®®. The American Society of Clinical
Oncology (ASCO) has also given resource stratified
clinical practice guidelines for secondary prevention®.
According to these, HPV DNA testing is universally
recommended across all healthcare facilities; VIA is
to be used in basic settings. In HPV-positive cases,
triage tools such as cytology and genotyping are
recommended, while women with positive visual
inspection results are referred for colposcopy™.
The Figure summarizes the choice of screening test
according to the availability of resources.

Cervical cancer screening: Dilemmas

Implementation dilemmas in low- and middle-income
countries: Implementation of a universal screening
programme for cervical cancer prevention is required
for elimination of cervical cancer. LMICs like India
face a multitude of logistic issues such as lack of

laboratory facilities, trained personal as well as
financial constraints. In rural India, the screening
uptake is much lower than urban counterparts due
to barriers such as poverty, illiteracy, ignorance of
disease, social taboos and fear of cancer detection.
Adapting an approach of rural cancer registries and
camps, the acceptance rate of screening has increased
manifold.

Despite HPV being used as primary screening test
in developed nations, in LMICs, it is not feasible in
large-scale screening programmes due to high cost of
the test and limited laboratory facilities. There is a need
to develop less costly point-of-care HPV tests™. Besides
this other challenges include minimizing overtreatment
in a screen-and-treat approach, development of an
effective information system to ensure high compliance
to treatment, and follow up®.

The Tamil Nadu government has laid an
example of a cost-effective and operationally
feasible large-scale cancer screening programme
after successful pilot programmes®’. It started from
a pilot project of Chennai corporation in 2005,
scaled to a district-level pilot in February 2007 by
the World Bank that supported Tamil Nadu Health
Systems Project and finally State-wise scaling up
in 16 districts in 2012 which later extended to the
remaining 16 districts in 2013. By 2016, 81 per
cent of target population was screened with 3.3 per
cent positivity rate. The main components include
a cost-effective VIA-based screening strategy
with a screen-and-treat approach, mass awareness
campaigns, self-help groups to reach the community,
trained personnel, diagnostic and treatment services
at all levels with assured linkage between the facility
centres, interdepartmental coordination with school
education and labour welfare departments, data
analysis, quality assurance with intensive monitoring
and supervision and online reporting system by the
Health Management Information System?’.

Limitations of HPV testing: Due to high sensitivity of
HPV testing, there are more number of colposcopies
and surgical interventions, especially if primary HPV
testing is done in young women*®. The referral rate
was one per cent for women aged 30 to 69 yr who had
a cytology triage after a positive HPV compared to
13.0 per cent in women aged 25 to 34 yr who were
directly referred to colposcopy after a positive HPV
test'>. Among women aged 35-60 yr, relative detection
ratio of CIN 2-3 together (HPV vs. cytology) was
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and sustainable

Check the available resources, logistics and finances for
cervical cancer screening: Acceptable, affordable

e

Good resource setting

)

Cytology based screening programme

T

Low resource setting

}

1. Visual inspection with acetic acid
every 5 yr

in place Age group: 30-65 yr
(limited use in postmenopausal women)
N 2. Low cost primary HPV testing (still
o .
Yes under trials)
Can institution afford HPV Yes Co-testing (cytology+ HPV testing)
testing ? —> | everySyr

or

Age group 25-65 yr

Continue with cytology every
3 yr from 25-65 yr

l No Primary HPV testing every 5 yr

Figure. Cervical cancer screening recommendation according to availability of resources. Source: Refs 51-53.

2.03 (1.60-2.57) while it was significantly more 4.09
(2.24-7.48) in younger women aged 25-34 yr'’.

Another major limitation is the false-negative
rate of HPV which was 8.7 per cent for HPV testing
alone, compared to 9.1 per cent for cytology alone,
and 1.2 per cent for a co-testing in a retrospective
analysis of US cohorts using Cobas 4800 system®.
The probable causes for this were low viral load, latent
HPYV infection, issues in sampling, technological errors
and exclusion of certain causative genotypes from
the test®®!. Further comparison of HPV testing alone
versus co-testing in the KPNC cohort showed that the
latter resulted in an earlier detection of five per million
more cases of CIN 3+ which was an acceptable risk?.
The Cochrane analysis also concluded that a negative
HPV test was more reassuring than negative cytology”.

Management of HPV-positive cases: In order to
avoid referrals to colposcopy for all HPV-positive
cases an effective strategy is to further triage these
cases using cytology, visual inspection test and HPV
genotyping®%. Cytology is the most common triage
technique. HPV-positive women who have cytology
of >ASCUS are referred for colposcopy, while the
cytological normal women are referred for colposcopy
if they remain HPV positive at 12 months. This strategy
reduced the increased colposcopy referrals from 10 to
4.2 per cent®.

The addition of dual stain pl16/Ki67 further
increases the specificity of a positive HPV test. Dual
stain or pl6 positive smears in HPV-positive women
should be referred for colposcopy while in p16-negative
women the follow up can be deferred for 1-2 years.
In the new technologies for cervical cancer screening
(NTCC) trial, the risk of CIN3+ disease at three years
was 4.7 per cent among HPV+/p16+ women compared
to 0.8 per cent in HPV+/p16— women®. On comparison
with high-risk HPV testing for triage of abnormal
smears (ASCUS, ASC-H and LSIL), the diagnostic
accuracy of dual staining was significantly higher®.

HPV genotyping 1is another triage option
and recommendations are immediate referral of
HPV16/18-positive women for colposcopy, with
cytology triage of women positive for other HR
types®’. In a subanalysis of the KPNC cohort study, the
three-year cumulative risk of CIN 3+ was highest in
HC-2 positive/HPV 16-positive results at 10.6 per cent
while the risk was significantly lower at 2.4 per cent in
HPV 16 negative group. HPV 18 showed a significant
association with glandular disease®®.

A study compared the role of genotyping, cytology
and dual stain for HPV triage. The sensitivity of
p16/Ki-67 was highest at 85 per cent while specificity
was 76.7 per cent. Specificity was significantly high
for cytology alone at 89 per cent while its sensitivity
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was 68.3 per cent. HPV genotyping had the lowest
sensitivity and specificity of 61.7 and 70.5 per cent,
respectively®. The results were the same in self-taken
vaginal samples®.

DNA methylation is a promising triage tool and
several studies are ongoing. In an interim analysis of
Triage and Risk Assessment of Cervical Precancer by
Epigenetic Biomarker study (TRACE) , taking CIN3+
disease as cut-off, compared to LBC, the methylation
test of POU4F3 showed relative sensitivities of 1.74
(95% CI: 1.25-2.33) and 1.64 (95% CI: 1.08-2.27), in
the age group of 25-65 and 30-65 yr, respectively’.

Screening in vaccinated population

Vaccination against HPV has shown high efficacy
against persistent HPV infections and pre-cancers in
HPV-negative young individuals in various clinical
trials’'”®, There was 68 per cent reduction in HPV
16 and 18 infections, 60 per cent reduction in smears
reported as atypical squamous cells of undetermined
significance or worse and 80 per cent reduced risk of
CIN grades 2 and 3 in an analysis in a nationwide follow
up analysis of young vaccinated Danish women™. The
nonavalent vaccine can prevent approximately 90 per
cent of cervical cancers”. As there will be a decline
in cervical precancerous lesions following vaccination,
the positive predictive value of cytology will reduce,
there will be an additional strain on the diagnostic
accuracy of cytology and a more sensitive test like
HPV will be required to improve detection.

A cost-effective, benefit-harm balanced screening
strategy is yet to be developed depending on the
individual vaccination status. In the current scenario, it
is recommended that vaccinated women must undergo
screening, and the screening guidelines in low-risk
vaccinated population are similar to the standard age-
specific guidelines ofthe general average risk population.
A few reasons behind this strategy are heterogeneous
uptake of the vaccine across the various sections of the
society, opportunistic screening practices and absence
of vaccination registries”. Questions to be answered
include later age at initiation for screening, prolonged
screening intervals, the right choice of test, preferably
a more sensitive HPV testing and development of
effective triaging tools in HPV-positive cases.

In an attempt to stratify guidelines, a mathematical
model analysis in Norway showed that HPV testing
once and twice in a lifetime for nonavalent and
bivalent/quadrivalent vaccinated women, respectively,
would be an effective screening method”. A randomized

controlled trial Compass is underway to compare
primary HPV testing and cytology for screening in
HPV vaccinated and unvaccinated women’®.

Conclusion

Although multiple screening options are available,
but the current screening guidelines are uniformly
adapting HPV testing as the primary test or as co-test
with cytology as the first choice. More emphasis is
towards the development of precision tests to minimize
overtreatment and enhance specificity. Resource
stratified guidelines have been developed to ensure
that all sections are uniformly screened irrespective of
the financial dissimilarities. However, the dilemmas of
uniform and sustainable nationwide implementation,
management of screen positive women, appropriate
screening interval and screening in vaccinated cohort
still remain a challenge.
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