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Detection Rate of High-Grade Cervical Neoplasia and Cost-Effectiveness of High-
Risk Human Papillomavirus Genotyping with Reflex Liquid-based Cytology in

Cervical Cancer Screening
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Abstract

Introduction: This study aimed to determine the prevalence of cervical intraepithelial
neoplasia grade 3 or worse (>CIN3) and cost-effectiveness of human papillomavirus (HPV)
genotyping with reflex liquid-based cytology (LBC) for cervical cancer screening in Singapore.
Materials and Methods: Women who were >25 years old and undertook co-testing with
LBC and HPV-genotyping (Cobas-4800, Roche, USA) for HPV-16, HPV-18 and 12 high-
risk HPV types in a single institution were studied retrospectively. A single cervical smear
in ThinPrep® PreservCyt® solution (Hologic, USA) was separated for tests in independent
cytology and molecular pathology laboratories. The results were reviewed by a designated
gynaecologist according to institutional clinical management protocols. Those who tested
positive for HPV-16 and/or HPV-18 (regardless of cytology results), cytology showing
low-grade squamous intraepithelial lesions (LSIL) or high-grade SIL (HSIL), or atypical
squamous cells of undetermined significance (ASCUS) with positive 12 high-risk HPV types
were referred for colposcopy. Colposcopy was performed by experienced colposcopists.
Cervical biopsy, either directed punch biopsies or excisional biopsy, was determined by a
colposcopist. The diagnosis of >CIN3 was reviewed by a gynaecologic pathologist. Cost-
effectiveness of HPV-based screening in terms of disease and financial burden was analysed
using epidemiological, clinical and financial input data from Singapore. Results: Of 1866
women studied, 167 (8.9%) had abnormal cytology (>ASCUS) and 171 (9.2%) tested positive
for high-risk HPV. Twenty-three CIN were detected. Three of the 10 >CIN3 cases had
negative cytology but positive HPV-16. Compared to cytology, HPV genotyping detected
more >CIN3 (OR: 1.43). HPV+16/18 genotyping with reflex LBC was superior in terms
of cost-effectiveness to LBC with reflex HPV, both for disease detection rate and cost per
case of >CIN2 detected. Conclusion: Compared to cytology, HPV+16/18 genotyping with
reflex LBC detected more >CIN3 and was cost-effective for cervical screening in Singapore.
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Introduction

In Singapore, the age-standardised incidence rate (ASR)
of cervical cancer, which has been declining since 1974,
was 7.0 per 100,000 from 2010 to 2014, ranking it the tenth
mostcommon canceramong women during this period.' The
apparentrate of decline between each 5-year period was the
most dramatic from 1995/1999 to 2000/2004 with 22.8%,
and from 2000/2004 to 2005/2009 with 21.4%. However,
this rate of decline diminished by more than half to 9.1%
from 2005/2009 to 2009/2014. The lacklustre decline in
the incidence of cervical cancer may be attributable to a
low participation rate of cytology screening since 2004.%*

To sustain a continual improvement in cervical control in
the short term before the impact of human papillomavirus
(HPV) vaccination is seen, it would necessitate a change
in screening strategy. Screening tests with good sensitivity
for high-grade neoplasia, which allows for the prevention
of the development of invasive disease and, on the other
hand, a longer interval between screens for those with
negative screening test, may overcome the limitation of
screening by cytology alone.

Oncogenic or the high-risk subtypes of HPV are the

necessary actiologic agents inthe development of high-grade
lesions and cervical cancer. HPV deoxyribonucleic acid
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(DNA) detection offers a great potential as a screening tool
for the disease. Mayrand et al reported that the sensitivity
of primary HPV DNA screening for cervical intraepithelial
neoplasia grade 2 (CIN2) and CIN3 was 94.6%, compared
to 55.4% for cytology test.* Other randomised longitudinal
studies in primary screening setting confirmed the superiority
of HPV DNA test over cytology in the sensitivity for high-
grade CIN (>CIN2).>7 In longitudinal trials involving
multiple rounds of screening, HPV DNA test detected more
>CIN3 during the first round, thus allowing appropriate
treatment to be performed in preventing the development
of invasive disease during the interval between screens.®!°

The implementation of HPV DNA test in primary
screening was slow because of its low specificity for>CIN2.
The management of women who tested positive for HPV
wasuncertain and referral ofall these women for colposcopy
would lead to unnecessary tests and over-treatment of less
severe lesions with low malignant potential. One approach
toresolve this dilemma is to separately test for HPV-16 and
HPV-18 which are, by far, the most common HPV subtypes
in >CIN3 and invasive cervical cancer.""'* In this regard,
the Athena trial which used a test system with outputs
for HPV-16, HPV-18 and 12 other high-risk HPV types
confirmed the superiority of HPV DNA testover cytology.'
More importantly, it yielded useful clinical information
on the absolute risk of >CIN2 and >CIN3 for women who
tested positive for HPV-16 and HPV-18 among women
whose cytology was negative. These results allowed for
the development of clinical management strategy based
on the detection of HPV-16 and HPV-18. The system has
since been approved by the United States Food and Drug
Administration (USFDA) and is recommended in guidelines
for primary screening for cervical cancer.'®!”

Cost-effectiveness is a major budgetary concern in
introducing HPV DNA primary screening for cervical
cancer. A study using data from the ATHENA trial reported
that HPV 16/18/12 high-risk HPV test system was cost-
effective in primary cervical screening in the United States
of America (USA).'8 Thisresultis encouraging but itis well
recognised that cost-effectiveness is the result of a complex
dynamic process involving the operating cost of the test,
further investigations and treatment of abnormal results,
prevalence of HPV subtypes and burden of high-grade
lesions and cervical cancer in the community. It should,
therefore, be assessed by individual countries before a
decision is made on its implementation.

In 2013, a pilot project that co-tested with HPV+16/18
genotyping and liquid-based cytology (LBC), and performed
in 2 independent laboratories for screening of cervical
cancer, was introduced in our institution. The present
study aimed to determine the detection rate of >CIN3 and
cost-effectiveness of HPV+16/18 genotyping with reflex

cytology for cervical cancer screening in Singapore.

Methods and Materials

Thisretrospective study was approved by the Institutional
Review Board.

Subjects

Women 25 years or older who attended a single institution
for gynaecologic services and had undertaken co-testing
for cervical cancer screening were identified. Women on
follow-up for prior abnormal cervical cytology and those
who reported a history of treatment for CIN, cervical or
other lower genital tract cancers were excluded.

Co-Testing

Each individual had a single cervical scrape taken in
ThinPrep® PreservCyt® solution. In the laboratory, each
sample was divided into 2 aliquots — one was for HPV
DNA testing using Cobas 4800 HPV test (Roche, USA)
carried out according to the manufacturer’s protocol in
the molecular pathology laboratory, and the second was
sent to the cytology laboratory for routine LBC analysis.
Each laboratory reported the results independently. The
results were reviewed by a designated gynaecologist for
management decision, including colposcopy referral,
in accordance with the institutional protocol (Fig. 1).
Colposcopy was performed by experienced gynaecologic
colposcopists. The final diagnosis was based on colposcopy
directed punch biopsies, or cervical tissues obtained by
loop electro-excision procedure, cervical conisation or
hysterectomy.

Data Collection

This study was confined to the initial round of co-testing.
Data on age, cytology and HPV DNA status, referral to
colposcopy and final histological diagnosis were recorded.

Data Analysis

Descriptive data were tabulated for detection rate of
abnormal cytology and HPV DNA subtypes, and rate of
colposcopy referral. Cross-tabulation was performed based
on the detection of CIN according to cytology and HPV
categories.

Cost-Effectiveness Analysis

The incremental cost-effectiveness ratio (ICER) based
on cost per quality-adjusted life-year (QALY) and clinical
impact were analysed with an Excel-based Markov cohort

Annals Academy of Medicine



HPV Genotyping with Reflex Cytology—Sun Kuie Tay etal 269

Cytology and HPV16/18 + 12 hrHPV

Co-testing
HPV- HPV-  12hrHPV+  12hrHPV+  HPviers+ ATV HPY
result
LBC - ASC-US LBC - ASCUS Any LBC > ASC-US
\ / result AGUS
4—— Routine screening Repeat both tests Col
(5years) (1 year) olposcopy
/ [;

Negative for

both tests el g

ASC-US LBC -

Fig. 1. A management algorithm for cervical cancer screening by co-testing.

model as described by Huh et al.'® The model inputs
were based on data derived from Singapore sources for
prevalence of HPV genotypes,'” prevalence of CIN1, CIN2,
and CIN3, the cost of diagnosis and treatment of CIN and
invasive cancer,” demography of women population and
participation rate of cervical screening.>* It was assumed
that the non-attenders of screening were most likely to be
the same individual during the screening cycles for each
strategy. The sensitivity of CIN detection was based on data
revealed in this current study by cytology and co-testing.
The absolute details of model inputs are summarised in
Table 1. For this analysis, 2 screening scenarios were
compared to no screening — LBC with reflex HPV for
atypical squamous cells of undetermined significance
(ASCUS) and HPV+16/18 genotyping with reflex LBC
for 12 high-risk HPV-positive cases.

Results

Within the study period, 1866 women, aged between 25
and 75 years, were screened by co-testing. Of 1866 co-
tests, 1684 (90.2%) tested negative for intraepithelial lesion
and malignancy (NILM), 167 (8.9%) were abnormal with
changes of ASCUS or more severe lesions, and 171 tested
positive for high-risk HPV (9.2%) (Table 2). HPV genotype
distribution was 1.8% for HPV-16, 0.6% for HPV-18, and
6.8% for 12 high-risk HPV. There were 95 women who
fulfilled the criteria and were called for colposcopy. By
the date of this analysis, 88 (92.6%) had been examined
by colposcopy and 23 women had a diagnosis of CIN on
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histopathology. Of the entire cohort, 10 (0.54%) cases
of >CIN3 were detected; 7 were from women with both
abnormal cytology and positive HPV tests. Three cases of
>CIN3 had NILM and positive HPV-16; 1 of these was
diagnosed as CIN3 with a focus suspicious of microinvasion
(Table 3). Compared to LBC with reflex HPV, the odds
ratio of detecting >CIN3 by HPV+16/18 with reflex LBC
was 1.43 (95% CI, 0.54 to 3.77).

The health economic model analysis showed that the
incidence of cervical cancer was 19.21 per 100,000
population when no screening was performed, 13.25 per
100,000 population for screen strategy of LBC with reflex
HPYV testing, and 6.62 per 100,000 population for strategy
involving HPV+16/18 genotyping with reflex LBC. Both
screening strategies were cost-effective by ICER criteria
(S$2104 for LBC with reflex HPV testing and S$3623 for
HPV+16/18 genotyping with reflex LBC). There was a
marginal advantage in incremental net monetary benefit
towards screening with HPV-+16/18 genotyping with reflex
LBC compared to LBC withreflex HPV testing (S$37,696 vs
S$37,233, respectively [Table 4]). The one-way sensitivity
testshowed that sensitivity of cytology and HPV genotyping
had the greatest impact on the cost-effectiveness of screening
(Fig. 2). Inregard to impact on disease detection compared
to cytology primary screening, HPV+16/18 genotyping
primary screening increased detection of invasive cervical
cancer from47.5%t0 83.1% and >CIN2 from 56% to 80.3%
respectively (Fig. 3). The number of missed and interval
progression from>CIN2 to invasive cancer was also reduced
from 20 cases per annum in cytology screening programme
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Table 1. Input Data to Model for Cost-Effectiveness Analysis

Annual Progression Rate % Annual Regression Rate %
Well to high-risk HPV 4.2 From 12 high-risk HPV/NIML to normal 58.6
12 high-risk HPV to CIN 1 8.1 From 12 high-risk HPV/LSIL to normal 45.6
12 high-risk HPV to CIN 2 0.1 From HPV16/18 with NIML to normal 43.8
12 high-risk HPV to CIN 3 0.1 From HPV16/18/LSIL to normal 21.8
16/18 to CIN 1 9.9 From CIN 1 to well 21.2
16/18 to CIN 2 0.6 From CIN 1 to HPV 2.4
16/18 to CIN 3 1.5 From CIN 2 to well 9.4
CIN 2 to CIN 3 3.2 From CIN2 to CIN 1 9.4
CIN 3 to ICC 1.1 From CIN 3 to well 3.9
From CIN 3 to CIN 1 1.6
Prevalence of HPV/CIN/Cancer Test Sensitivity and Specificity
Prevalence of high-risk HPV 8.2 Cytology sensitivity for CIN2+ 532
Prevalence of HPV 16/18 2.1 Cytology sensitivity for CIN3+ 57.7
Prevalence of CIN 1 0.3 Specificity of cytology 73.4
Prevalence of CIN 2 0.4 HPV sensitivity for CIN2+ 86.6
Prevalence of CIN 3 0.5 HPV sensitivity for CIN3+ 89.9
Prevalence of ICC 0.053 HPV specificity 62.7
% Population >ASCUS 39 Colposcopy sensitivity 100
% Population Cyto+/HPV+ 2.7
Cost of Tests (2013) SGD (8) Treatment Cost (2013) SGD (8)
Clinic visit 72.81 CIN2+ 1500
Cytology screening 55.0 Cancer 25,000
HPV DNA 100
Colposcopy/biopsy 286.14
Screened Population Screening Interval No. years
Total population (women) 1,953,200 Cytology alone 3
Population >25 and <65 years old 63.7% HPV with reflex with reflex cytology 5
% ineligible for screening 11.4 Attendance rate for managed algorithms 75%
Total eligible population 1,101,734
Compliance rate of screening 50%
Total screen population 550,867

ASCUS: Atypical squamous cells of undetermined significance; CIN: Cervical intraepithelial lesion; DNA: Deoxyribonucleic acid; HPV: Human
papillomavirus; ICC: invasive cervical carcinoma; LSIL: Low-grade squamous intraepithelial lesion; NMIL: Negative for intraepithelial lesion or

malignancy

Table 2. Cytology and HPV DNA Status of the Entire Cohort

High-Risk HPV DNA Detection

Cytology Category n

n %
Negative 1684 94 5.6
ASCUS 138 50 36.2
SIL 29 27 93.1
Unsatisfactory 10 0 0
Others 5 0 0
Total 1866 171 9.2

ASCUS: Atypical squamous cells of undetermined significance; DNA: Deoxyribonucleic acid; HPV: Human papillomavirus; SIL: Squamous

intraepithelial lesion
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Table 3. Pathological Diagnosis by Cytology and HPV Status
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Cytology/HPV Status n No. of Colposcopy CIN1 CIN 2 CIN 3
SIL
16 and/or 18 + 10 10 2 0 3
12 high-risk HPV+ 17 15 3 0 2
HPV- 2 2 1 0 0
Subtotal 29 27 6 0 5
ASCUS
HPV 16 and/or 18 + 14 13 2 0 1
12 high-risk HPV+ 36 22 1 2 1
HPV- 88 5 1 0 0
Subtotal 138 40 4 2 2
Negative
HPV 16 and/or 18 + 16 12 0 0 3
12 high-risk HPV+ 78 1 0 0
HPV- 1590 2 0 0 0
Subtotal 1684 21 1 0 3
Overall 1866 11 2 10 (0.54%)

ASCUS: Atypical squamous cells of undetermined significance; CIN: Cervical intraepithelial lesion; HPV: Human papillomavirus; SIL: Squamous

intraepithelial lesions

to 12 cases in HPV primary screening programme. Cost
per person per annum for screening test and cost per case
of high-grade lesion detected showed advantage towards
HPV primary screening than cytology screening (Fig. 3).

Discussion

Real-world experience of primary HPV test in population
screening is not yet available. We presented in this study
aninstitutionally-based setting of cervical cancer screening
which reflected the real-world individual care scenario
commonly seen in places with no structured population
screening programme. HPV test with types 16 and 18
genotyping was introduced to the existing practice of
screening by liquid-based cytology. The rationales of the
co-testing were to avoid anxiety expressed by clinicians
and women towards new screening tests and to garner local

laboratory and clinical experience inroutine primary HPV test.

Itis interesting to note the similar prevalence of abnormal
test by cytology (8.9%) and HPV test (9.2%) individually.
The prevalence of high-risk HPV detected was twofold
higher than the rate in Singaporean women with normal
cytology in a previous study, and the findings concurred
with that of the ATHENA trial in the USA.'>'° In fact, the
prevalence of >CIN3 (0.54%) in this study was identical
to that reported in the ATHENA trial. This reflected the
burden of high-risk HPV and >CIN3 in previously screened
communities in the USA and Singapore.

Of the 10 >CIN3 cases detected in this study, 7 had
abnormal cytology and 3 had negative cytology. The
increased detection rate of >CIN3 (OR: 1.43) was within
the reported range of longitudinal clinical trials comparing
primary HPV test to cytology.®!® One of the women with

Table 4. Comparison of Cost-Effectiveness of Different Scenarios of Screening Strategies

Screening Strategy Strategy Characteristics C?;ig:ﬁ%;::]foﬁe‘;‘::;:n ICER Cost (5GD) INMB
No screening 19.21 139

A LBC/Reflex HPV® 13.15 2104 37233

B LBC/HPV+ 16/18" 3623 37696

LBC: Liquid-based cytology (thin-prep); HPV: Human papillomavirus; ICER: Incremental cost-effectiveness ratio; INMB: Incremental net monetary benefit

“High-risk HPV test for ASCUS cytology.
"Cobas 4800 system (Roche).
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= High Low
Cytology with reflex HPV ('Cytology') (Sensitivity) $770.28 Il R $1,034.30
HPV 16/18 genotyping with reflex cytology ('HPV with Genotyping') (Sensitivity) $762.90 A I $1.022.70
Annual discount rate (Effects) $838.58 NS $967.46
cobas® HPV test with genotyping (Cost) $864.15 $936.78
HPV DNA testing (Cost) $865.68 [ $935.25
Liquid-based cytology (Cost) $884.15 1 $916.78
Treatment for CIN1 or CIN 2,3 (Cost) $891.20 M  $909.73
HPV 16/18 genotyping with reflex cytology (‘"HPV with Genotyping') (Specificity) $893.43 [§ $907.50
Cytology with reflex HPV ('Cytology') (Specificity) $895.69 || $905.23
Annual discount rate (Costs) $896.46 || $904.25
Colposcopy plus biopsy (Cost) $898.67 | $902.25
Treatment for cervical cancer (Cost) $897.54 | $901.09
— f : )
$700 $750 $800 $850 $900 $950 $1,000 $1,050 $1,100
Incremental Net Monetary Benefit
Fig. 2. A tornado diagram showing the results of a one-way sensitivity analysis.
repeated negative cytology tests was found to be positive 31
. . . . » 80.3
for HPV-16 and a final diagnosis of a high-grade lesion . 56.0

with a focus of suspicious microinvasion highlighted the
benefit of HPV test which allowed this woman’s lesion to
be prevented from progressing to a clinical carcinoma of
the cervix during the interval of screening. This capability
of HPV test at the initial round of screen was previously
reported by Ronco et al in the follow-up of 4 European
longitudinal studies.”!

The fact that LBC and HPV tests were carried out in
2 independent laboratories which reported the results
separately allowed us to analyse the results in this study in
the manner of primary HPV test with reflex cytology. Ofthe
10 CIN3+ cases, 7 would have been referred for immediate
colposcopy because of positive test for HPV16/18,
regardless of cytology. The remaining 3 cases would
have been referred for colposcopy because of squamous
intraepithelial lesions (SIL) on LBC in 2 cases and ASCUS
with reflex positive high-risk HPV testin 1 case. Based on
the rate of concurrent positivity on cytology and HPV in
this study, 4.1% (77/1688) of the women would have been
referred for colposcopy, with a detection rate of >CIN3 in
1 out of 7.5 colposcopy referrals. This would substantially
reduce the cost of screening tests without overburdening
the colposcopy services.

Not surprisingly, health economic modelling has
estimated a reduced incidence rate of cervical cancer with
screening. More importantly, the incidence rate was lower
in screening scenarios that employed HPV-based testing.
Using criteria set by the World Health Organization that
an ICER of onefold or less of the gross domestic product
is cost-effective for medical intervention, the HPV+16/18
genotyping with reflex LBC proved to be highly cost-
effective for Singapore. In terms of impact of screening
on disease burden, HPV+16/18 genotyping detected more
>CIN2 and cervical cancer compared to LBC primary
screening withreflex HPV test. Our findings concurred with
studies from the USA and Europe.?'* These findings are in
distinct contrast to early studies of primary HPV screening

Clinical impact on disease
detection rate (%)

Cervical Cancer Detection (%) CIN2+ Detection (%)

. LBC/Reflex HPV

20
. 12 . HPV+16/18 with

Clinical impact on cancer missed or
Reflex LBC
Cytolagy HPV+16/18

developed during interval of
screening (Number of cases)

45,033
38,917

Cost of screening per person per
year and per case of disease
detected (SGDS)

45 37

Cost/person/year (SGDS) Cost/Case CIN2+

Fig. 3. Comparison of clinical and monetary cost of 2 screening strategies.

without cytology triage as HPV test has low specificity for
high-grade lesions.*

Because of the extension in screening interval from 3
years for cytology screening to 5 years for HPV-based
screening, the net monetary savings in the cost of screening
per person per year and costs of detecting >CIN2 per case
were lower for HPV-based screening. It is envisaged that
(as shown in clinical trials in population screening) when
subsequent rounds of screening detect fewer HPV-positive
cases and >CIN3, the number of reflex cytology tests
would also substantially diminish.?'>* This would translate
to further financial cost savings and improve the margin
of cost-effectiveness in a sustained long-term screening
programme.

Conclusion

Thefindings of the present study corroborated the reported
results of clinical trials that HPV-based cervical screening is
superior to cytology screening. In Singapore, HPV+16/18
genotyping with reflex LBC detected more >CIN3 and was
highly cost-effective.

Annals Academy of Medicine



10.

11.

REFERENCES

National Registry of Diseases Office. Trends in cancer incidence in
Singapore2010-2014.¢2015. Available at: https://www.nrdo.gov.sg/docs/
librariesprovider3/default-document-library/cancer-trends-2010-2014
interim-annual-report_final-(public).pdf?sfvrsn=0. Accessed on 22 July
2016.

Jin AZ, Louange EC, Chow KY, Fock WC. Evaluation of the National
Cervical Cancer Screening Programme in Singapore. Singapore Med J
2013;54:96-101.

Tay K, Tay SK, Tesalona KC, Rashid NM, Tai EY, Najib SJ. Factors
affecting the uptake of cervical cancer screening among nurses in
Singapore. Int J Gynaecol Obstet 2015;130:230-4.

Mayrand MH, Duarte-Franco E, Rodrigues I, Walter SD, Hanley J,
Ferenczy A, et al. Human papillomavirus DNA versus Papanicolaou
screening tests for cervical cancer. N Engl J Med 2007;357:1579-88.

Bulk S, Bulkmans NW, Berkhof J, Rozendaal L, Boeke AJ, Verheijen
RH, et al. Risk of high-grade cervical intra-epithelial neoplasia based
on cytology and high-risk HPV testing at baseline and at 6-months. Int
J Cancer 2007;121:361-7.

Kitchener HC, Almonte M, Gilham C, Dowie R, Stoykova B, Sargent A,
et al; ARTISTIC Trial Study. ARTISTIC: a randomised trial of human
papillomavirus (HPV) testing in primary cervical screening. Health
Technol Assess 2009;13:1-150 .

Anttila A, Kotaniemi-Talonen L, Leinonen M, Hakama M, Laurila P,
TarkkanenJ, etal. Rate of cervical cancer, severe intraepithelial neoplasia,
andadenocarcinoma insituin primary HPV DNA screening with cytology
triage: randomised study within organised screening programme. BMJ
2010;340:c1804.

Rijkaart DC, BerkhofJ, Rozendaal L, van Kemenade FJ, Bulkmans NW,
Heideman DA, et al. Human papillomavirus testing for the detection of
high-grade cervical intraepithelial neoplasia and cancer:final results of the
POBASCAM randomised controlled trial. Lancet Oncol 2012;13:78-88.

Bulkmans NW, Berkhof J, Rozendaal L, van Kemenade FJ, Boeke AJ,
Bulk S, et al. Human papillomavirus DNA testing for the detection of
cervical intraepithelial neoplasia grade 3 and cancer: 5-year follow-up of
arandomised controlled implementation trial. Lancet2007;370:1764-72.

Ronco G, Giorgi-Rossi P, Carozzi F, Confortini M, Dalla Palma P, Del
MistroA, etal. Efficacy of human papillomavirus testing for the detection
of invasive cervical cancers and cervical intraepithelial neoplasia: a
randomised controlled trial. Lancet Oncol 2010;11:249-57.

Dillner J, Rebolj M, Birembaut P, Petry KU, Szarewski A, Munk C, etal;
Joint European Cohort Study. Long term predictive values of cytology
and human papillomavirus testing in cervical cancer screening: joint
European cohort study. BMJ 2008;337:a1754.

. Mufioz N, Bosch FX, de Sanjosé S, Herrero R, Castellsagué X, Shah

KYV, et al. Epidemiologic classification of human papillomavirus types

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

HPV Genotyping with Reflex Cytology—Sun Kuie Tay etal 273

associated with cervical cancer. N Engl ] Med 2003;348:518-27.

Wheeler CM, Hunt WC, Joste NE, Key CR, Quint WG, Castle PE. Human
papillomavirus genotype distributions: implications for vaccination and
cancer screening in the United States. J Natl Cancer Inst2009;101:475-87.

Khan M]J, Castle PE, Lorincz AT, Wacholder S, Sherman M, Scott DR, et
al. The elevated 10-year risk of cervical precancer and cancer in women
with human papillomavirus (HPV) type 16 or 18 and the possible utility
of type-specific HPV testing in clinical praactice. J Natl Cancer Inst
2005;97:1072-9.

Wright TC, Stoler MH, Behrens CM, Sharma A, Zhang G, Wright TL.
Primary cervical cancer screening with human papillomavirus: End
of study results from the ATHENA study using HPV as the first-line
screening test. Gynecol Oncol 2015;136:189-97.

Huh WK, AultKA, Chelmow D, Davey DD, Goulart RA, GarciaFA, etal.
Use of primary high-risk human papillomavirus testing for cervical cancer
screening: interim clinical guidance. Gynecol Oncol 2015;136:178-82.

Massad LS, Einstein MH, Huh WK, Katki HA, Kinney WK, Schiffman
M, et al. 2012 updated consensus guidelines for the management of
abnormal cervical cancer screening tests and cancer precursors. Obstet
Gynecol 2013;121:829-46.

Huh WK, Williams E, Huang J, Bramley T, Poulios N. Cost effectiveness
of human papillomavirus-16/18 genotyping in cervical cancer screening.
Appl Health Econ Health Policy 2015;13: 95-107.

Tay SK, Oon LL. Prevalence of cervical human papillomavirus infection
in healthy women is related to sexual behaviours and educational level:
a cross-sectional study. Int J STD AIDS 2014;25:1013-21.

Lee VJ, Tay SK, Teoh YL, Tok MY. Cost-effectiveness of different human
papillomavirus vaccines in Singapore. BMC Public Health2011;11:203.

Ronco G, Dillner J, Elfstrom KM, Tunesi S, Snijders PJ, Arbyn M, et
al. Efficacy of HPV-based screening for prevention of invasive cervical
cancer: follow-up of four European randomised controlled trials. Lancet
2014;383:524-32.

Miihlberger N, Sroczynski G, Esteban E, Mittendorf T, Miksad RA, Siebert
U. Cost-eftectiveness of primarily human papillomavirus—based cervical
cancer screening in settings with currently established Pap screening:
A systematic review commissioned by the German Federal Ministry of
Health. Int J Technol Assess Health Care 2008;24:184-92.

van Rosmalen J, de Kok IM, van Ballegooijen M. Cost-effectiveness of
cervical cancer screening:cytology versus human papillomavirus DNA
testing. BJOG 2012;119:699-709.

Mandelblatt JS, Lawrence WF, Womack SM, Jacobson D, Yi B, Hwang
YT, et al. Benefits and costs of using HPV testing to screen for cervical
cancer. JAMA 2002;287:2372-81.

Herbert A. Primary HPV testing: a proposal for co-testing in initial

rounds of screening to optimise sensitivity of cervical cancer screening.
Cytopathology 2017;28:9-15.

July 2017, Vol. 46 No. 7



