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By how much could screening by primary
human papillomavirus testing reduce
cervical cancer incidence in England?

Alejandra Castanon, Rebecca Landy and Peter Sasieni

Abstract

Objective: The replacement of cytology with human papillomavirus testing as the primary cervical screening test in England is

imminent. In light of newly available evidence, we revised our previous estimates of the likely impact of primary human

papillomavirus testing on incidence of cervical cancer.

Method and results: Using screening data on women aged 25–64 diagnosed with cervical cancer in England between 1988 and

2012, we previously reported that 38.8% had a negative test six months to six years prior to diagnosis. However, not all of these

cancers would be prevented by human papillomavirus testing: for 1.0% the human papillomavirus positive test would come too

late (within 18 months of diagnosis) to make a difference; 7.6% will have a negative human papillomavirus test (based on 79.9%

sensitivity of human papillomavirus testing in cytology negative women); and 2.0% will develop cancer despite a positive human

papillomavirus test. Additionally, we estimate that some women (equivalent to 4.3% of current incidence) whose cancers are

currently prevented by cytology-based screening will have a false-negative human papillomavirus test.

Conclusion: Overall, we estimate that 23.9% (95% CI: 19.3–27.6%) of current cases in women invited for screening could be

prevented. Based on 2013 cancer incidence statistics, absolute numbers could be reduced by 487 (95% CI 394 to 563) or 3.4

(95% CI 2.8 to 4.0) per 100,000 women per year.
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The intention to introduce primary human papillomavirus
(HPV) testing in the United Kingdom was recently
announced by the UK National Screening Committee.1

In 2013, we estimated the impact of introducing HPV pri-
mary testing into the English cervical screening pro-
gramme,2 concluding that cervical cancer incidence in
women aged 25–64 could be reduced by at most 32.6%,
equivalent to 587 cancers (or 4.2 per 100,000 women) per
year. Since then Ronco et al.3 have published a pooled
analysis of randomised controlled trials with cervical
cancer as an outcome, comparing HPV testing with cytol-
ogy. They found that among women with a negative cytol-
ogy screening test at entry, the rate ratio for invasive
cervical carcinoma was 0.30 (95% confidence interval
(CI): 0.15–0.60). Here, we update our previous estimates
of the impact of primary HPV testing on incidence of
cervical cancer in England, in light of this new evidence,
and taking into account cancers that will be diagnosed
despite a previous positive HPV test.

We used a population-based case–control study of pro-
spectively recorded cervical screening data (from 1988

onwards) for women with cervical cancer (ICD-10 C53)
diagnosed aged 25 to 64 in England between April 2007
and March 2012. Data on screening were abstracted from
routinely recorded cervical cytology records held on the
National Cervical Screening Call/Recall System. After
linking, the data were pseudonymised before being trans-
ferred to us for analysis. Details of the National Audit of
Cervical Cancer have been published previously.4,5

Previously, we found that 38.8% (95% CI 37.8% to
39.8%) of women with cervical cancer had a negative
cytology test resulting in routine recall (i.e. that did not
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result in referral to colposcopy or early recall) between six
months and six years prior to their diagnosis. Here, we
excluded the 1.0% of women whose only negative test
within six years of diagnosis was within 18 months of
diagnosis, on the grounds that a positive HPV test,
together with a negative cytology test, would result in a
repeat test a year later, and would probably not have led
to the prevention (or even earlier diagnosis) of that cancer.

We modelled the likely results of HPV testing using the
following scenario: (i) The overall sensitivity of English
cytology to ‘‘pre-cancer’’ (i.e. disease that would lead to
a cancer diagnosis over the next six years) is 76.6% (95%
CI 65.1–85.1%)6; (ii) there will be 70% (95% CI 40–85%)
fewer cancers in HPV negative women compared with
cytology negative women3; (iii) in women who are cytol-
ogy positive, the sensitivity of HPV to pre-cancer will be
97.0% (95% CI 95.1–98.9%).7 These values result in a
93.0% (95% CI 88.0–98.0%) overall sensitivity of HPV
testing for identifying women who have or would develop
cervical cancer over the next six years, compared with an
overall sensitivity of 96.5% (95% CI 93.0–100.0%) in the
previous publication (see Table 1).

Of the women with negative cytology from 18 months
to 6 years before diagnosis (37.8% of 8774 cases in the
audit), 79.9% (95% CI 74.8–85.0%) would have been
positive on the HPV test (18.7/23.4, see Table 1), and
7.6% (¼37.8%� (1�0.799)) of cancers would be missed.

We further took into account that a number of women
will develop (or already have) cancer, despite a positive
screen between 18 months and 6 years prior to diagnosis.
From Table 1, we estimate that the sensitivity of HPV
testing is 1.21 times that of cytology (i.e. 93.0% vs.
76.6%), or 21% (95% CI: 18.1–23.9%) higher. Using
the National Audit of Cervical Cancer, we examined the
number of cancers diagnosed 18 months to 6 years follow-
ing an abnormal cytology result (defined as any result
which was not negative or inadequate). We identified
833 women with such a test out of a total of 8774
cancer cases (9.5%, 95% CI: 8.9–10.1%). The proportion
of cancers despite a positive HPV test (in women with a
negative cytology test) due to failures in follow-up or in

treatment of CIN would be expected to be an additional
21% of this figure (i.e. of 9.5%), which is 2.0%.

As HPV testing is to become the sole primary screening
test in the UK, it is necessary to take into account the
proportion of cancers currently prevented by cytology-
based screening which would be missed by HPV testing.
We estimate this number to be equal to 4.3% of the current
total number of cancers (see Appendix1, available online).

Taking all of these adjustments into account, we esti-
mate that with HPV primary screening, the number of
cervical cancers in women aged 25–64 in England might
be reduced by 23.9% (corresponding to 38.8�(1.0þ 7.
6þ 2.0þ 4.3)). Taking into account the uncertainty in
the figures combined to reach this percentage, we estimate
the 95% confidence interval to be: 19.3% to 27.6% (see
Appendix 2 for details, available online).

In our original publication, we estimated a maximum
reduction of 587 cancers (or 4.2 per 100,000), using cancer
statistics for England8 for 2010 to estimate absolute risks.
The rate then in women aged 25–64 was 13.0 per 100,000
women, with a total of 1801 cancers. The most recent data
are for 20139 show 2039 cancers and a rate of 14.4 per
100,000 women. Applying a reduction of 23.9% to 2013
cancer incidence data yields a reduction of 487 (95% CI
394 to 563) cancers (or 3.4, 95% CI 2.8 to 4.0 per 100,000)
in women aged 25–64 by introducing HPV primary testing.

We believe that these updated estimates provide a more
realistic estimate of the impact of switching to HPV test-
ing in England. Nevertheless, other factors, such as
vaccination (as of September 2015 the first vaccinated
catch-up cohorts entered the screening programme) and
falling screening coverage (particularly among older
women) are not considered here and are likely to have
an impact on the effectiveness of HPV primary screening.
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HPV positive, % HPV negative, % Overall, %

Cytology

positive

74.3 (0.766a

� 0.970b)

2.3 76.6a

Cytology

negative

18.7 4.7 23.4

Overall 93.0 7.0 ((1�0.70c)

� 0.234)

100.0

aSensitivity of cytology to CIN2þ6.
bProportion of cytology positive women with CIN3 and an HPV positive test

result.7

cProportion fewer cancers in HPV negative women compared with cytology

negative women.3
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