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A R T I C L E  I N F O   

Keywords: 
Cervical cancer 
Cervical screening 
Older women 
Screening over age 65 
Cumulative risk 
Population rates 
Screening older women 

A B S T R A C T   

There is little empirical data on the absolute benefit of cervical screening between ages 60-64y on subsequent 
cancer risk. We estimate the incidence of cervical cancer up to age 84y in women with and without a cervical 
cytology test at age 60-64y, by screening histories aged 50-59y. The current study is a population based case- 
control study of women born between 1928 and 1956 and aged 60-84y between 2007 and 2018. We included 
all such women diagnosed with cervical cancer in England and an aged-matched random sample without cancer. 
Women with a hysterectomy were excluded. Exposure was cervical cytology between ages 50–64y. The main 
outcome was 25y cumulative risk of cervical cancer between ages 60-84y. We found that eight in every 1000 
(8.40, 95%CI: 7.78 to 9.07) women without a screening test between age 50-64y develop cervical cancer be
tween the ages of 60-84y. The risk is half: 3.46 per 1000 (95%CI: 2.75 to 4.36) among women with a test be
tween age 60-64y but no cervical screening test at age 50-59y. The absolute difference in risk is equivalent to one 
fewer cancer for every 202 such women screened. The highest risk (10.01, 95%CI:6.70 to 14.95) was among 
women with abnormal screening at ages 50-59y and no tests 60-64y. 25y risk among women with a screening 
test every five years between age 50–64y was just under two in a 1000 (1.59, 95%CI:1.42 to 1.78). Results 
suggest the upper age of screening should be dependent on previous screening participation and results.   

1. Introduction 

In most high-income countries, adult women are encouraged to 
attend cervical screening regularly, but are discouraged from further 
screening once they reach their mid-60s. Although there is still some 
uncertainty regarding the optimal age to stop cervical screening, most 
studies suggest that for women who have tested negative when screened 
in their 50s or early 60s the risk of cervical cancer thereafter is low 
enough to question the need for screening over age 65y. Nevertheless, 
the upper age of cervical screening is largely based on expert opinion 
(Saslow et al., 2012; Gravitt et al., 2018) and modelling (Malagon et al., 
2018) rather than empirical evidence. Further, studies of cervical 
screening with mortality as an endpoint support screening after age 65y 
to reduce deaths thereafter. (Lonnberg et al., 2013; Rustagi et al., 2014) 

A study among women enrolled in Kaiser Permanente of Northern 
California (Landy et al., 2020) found that it is safe for women to exit 

screening after a negative co-test (i.e. both cytology and HPV test 
negative) between ages 55-64y, but the authors warn about generalising 
results to women whose only ever screen was a co-test at age 55y. A 
Swedish study (Wang et al., 2017) concluded that a cervical cytology at 
ages 61-65y reduced the subsequent risk of cervical cancer in women 
who had not been screened or who had abnormal tests in their 50s. 
However, among those who had negative screening results in their 50s, 
the extra benefit from another test between the ages of 61 and 65y was 
limited. A previous publication from England (Castanon et al., 2014) 
concluded that the risk of cervical cancer after age 65y remained very 
low for 5–10 years following a negative test; but by 15 years the risk had 
increased to half of that in never screened women. 

Here the aim is to explore the impact of a cytology screening test 
between the ages of 60 and 64y (in women with different screening 
histories aged 50-59y) on cervical cancer incidence between ages 60 and 
84y. 

Abbreviations: HPV, Human papillomavirus; GP, General practitioner; RR, Relative risk; PY, Person years; NHS, National Health Service. 
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2. Methods 

The NHS Cervical Screening Programme in England invites women 
aged 25-49y for screening by cytology every three years and women 
aged 50-64y every five years. Cervical cytology over age 65 is rare 
representing 0.8% of all tests taken in England. (Health and Social Care 
Information Centre, 2013) Cytology based organised cervical screening 
was introduced in England in 1988, HPV triage of low-grade cytological 
abnormalities was introduced in 2012. Between 2013 and 2019, there 
was a pilot of HPV primary testing in which about 5% of women na
tionally were screened by primary HPV testing with cytology triage or 
HPV genotyping. HPV primary testing was implemented nationally at 
the end of December 2019. 

Since April 2007, there has been a national cervical screening audit 
in England. (NHS Cervical Screening Programme, 2006) Data on 
screening histories were abstracted from routinely recorded cervical 
cytology records held on the Cervical Screening Call/Recall System. This 
system includes all NHS (and many private provider) smears taken in 
England since 1988. The following information was available for each 
test: date, results and action taken in response to the test result (i.e. 
routine recall, early recall or referral). It does not include information on 
potential confounders such as smoking or ethnicity. The data used here 
were taken from the November 2019 anonymised dataset released for 
research purposes by Public Health England’s Office for Data Release. 

2.1. Study population 

In this study, cases were women diagnosed with a primary invasive 
cervical cancer in England between April 2007 and March 2018 at ages 
60-84y who were registered with an NHS general practitioner (GP). 
Eligible controls were all other women registered with an NHS GP at the 
time of a case’s diagnosis and not known to have had a total hysterec
tomy. Two controls were individually matched on date of birth (within 
2 years) and local geography to each case. Controls were randomly 
selected (using a computer program) from women who satisfied the 
matching criteria. Data were extracted on all selected controls whether 
or not they were screened. For analysis, controls were assigned the age 
of diagnosis of their matched case. 

Prior to 1988, many women were screened opportunistically but 
those tests may not have been retrospectively logged in the Cervical 
Screening Call/Recall System and hence would not be recorded in the 
study dataset. To account for the possibility of misclassification when 
looking at recorded screening between the ages of 50-59y: women born 
prior to 1928 (i.e. age 61 or over in 1988) were excluded; and women 
born between 1928 and 1937 who had no recorded test were considered 
separately. 

2.2. Classification of screening exposure 

We define a negative test as a cytology test with a normal result (or a 
negative primary HPV test) after which a routine recall interval was 
recommended. Abnormal screening includes cytology results of 
borderline dyskaryosis or worse; inadequate with colposcopy recom

mended; and normal with a recommendation of a repeat test at a shorter 
interval than routine. Inadequate test results after which a repeat 
screening test was recommended were ignored when classifying women 
in screening exposure groups. 

To examine the impact of screening at ages 60-64y, women born 

since 1938 were classified into four groups depending on screening 
history (including the test results) between the ages of 50-59y:  

i) No recorded screens between ages 50-59y.  
ii) Any abnormal result between 50-59y.  

iii) Irregularly negatively screened: (no abnormal tests aged 50-59y 
and) a negative test between aged 50-54y but not 55-59y, or 
aged 55-59y but not 50-54y.  

iv) Well screened with at least one negative result both at ages 50- 
54y and 55-59y (and no abnormal screen aged 50-59y). 

Due to the lack of data on screening aged 50-54y in women born 
between 1928 and 1937, two additional groups were used (Supple
mentary Materials). 

Screening exposure between the ages of 60-64y was defined as:  

a) Screened – women with a screen which did not occur within six 
months of case-diagnosis (to exclude diagnostic tests),  

b) Not screened – women with no test at ages 60-64y or if the only 
recorded test was within six months of diagnosis. 

The combination of both categorisations resulted in eight screening 
history groups between the ages of 50–64y (plus four more for women 
born in 1928–1937). 

To establish the effect of participating in screening between 50–64y 
inclusive and regardless of test results, women were classified as:  

i) Never screened – defined as women with no test at ages 50–64y.  
ii) Irregularly screened – defined as test(s) between the ages of 

50–64y (but not in all three age-bands).  
iii) Regularly screened – at least one test in each five-year age-group: 

50-54y, 55-59y and 60-64y. 

2.3. Data analysis 

To estimate relative risks, controls were weighted to be representa
tive of the population at risk. Cases were given a weight of one. Since 
women were not eligible as controls if they were known to have a hys
terectomy, the number of women estimated to have had a hysterectomy 
was subtracted from mid-year population estimate to obtain the size of 
the population at risk. (Park, 2018) Hysterectomy prevalence percent
ages (projected for 2001–2010 and 2011–2012) in 5 year age bands 
were taken from published research. (Redburn and Murphy, 2001) 
Projections were based on hysterectomy rates in 1995. Since the number 
of hysterectomies performed in England fell between 1995 and the early 
2000s, (Mukhopadhaya and Manyonda, 2013; Reid and Mukri, 2005) a 
sensitivity analysis was performed to assess the effect of a ± 10% change 
in hysterectomy prevalence on cervical cancer rates. A ± 10% relative 
change in the prevalence of hysterectomies had an average ± 3% (range 
2.3% to 3.4%) relative impact on the absolute risks. 

For each year of diagnosis and age group, the control weights were 
calculated using the following formula:   

Cervical cancer incidence rates in women with a uterus were calcu
lated as the number of cases diagnosed nationally (Office for National 
Statistics, 2021) divided by the hysterectomy-adjusted mid-year popu
lation estimate. 

Control weight =
( ratio of cases to controls)

(incidence rate in women with a uterus)
− (ratio of cases to controls)

A. Castanon et al.                                                                                                                                                                                                                               
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When considering screening histories (12 categories) separately in 
each 5-year age-group we were concerned that the small number might 
lead to logically inconsistent estimates of risk. Constraints were imposed 
to ensure that more intensive screening aged 50-59y was not associated 
with higher absolute risk of cervical cancer (in each age band separately 
for screened and unscreened at age 60-64y). Partial orderings were 
defined so that the estimated absolute risk in women with less intensive 
screening was equal or greater than that in women with more intensive 

screening; and abnormal screening had greater risk than irregular 
screening (supplemental material and Table S1). Comparison of models 
can be found in Table S2. We used a weighted relative risk (RR) 
regression model including interactions between screening aged 50–64y 
(12 levels for screening history) and age at diagnosis (60-64y, 65-69y, 
70-74y, 75-79y and 80-84y). The inverse probability of sampling 
weights allowed estimation of women-years at risk in the population, 
annual rates (absolute risk), and relative risks. Cumulative risks at ages 
60-84y are the sum of the age specific risks, 95% CI were obtained in 
STATA and are presented per 1000 women. 

When exploring risk by screening participation no adjustments were 
necessary (i.e., the constrained and unconstrained model fits were 
identical). Cumulative risks at ages 65-84y and their 95% confidence 
intervals are presented per 1000 women. 

To explore differential opportunities for screening (opportunity 
bias), we also present these results restricted to the control matched on 
GP practice. We estimate risks to age 84y because women aged 65y in 
England (in 2015–2017) are expected to live a further 20.9 years. (Office 
for National Statistics, 2018) 

We use population attributable factions to estimate the impact on 
population cervical cancer rates over the next 25-years of screening 
women once (more) between the ages of 60-64y.  

• Since the data in this study are from a matched case-control design, 
the distribution of screening histories in cases were used to represent 
the distribution in all women with cervical cancer. To estimate the 
proportion of the population in each screening history category the 
proportion of cases diagnosed age 65-69y in that category were 
divided by the relative risks for that screening history category.  

• The difference in 25y absolute risks between those screened and 
unscreened at ages 60-64y by screening history age 50-59y was 
multiplied by the estimated proportion of women in the population 
to obtain the impact of screening women at ages 60-64y on rates of 
cervical cancer thereafter.  

• Cumulative rates are presented per 1000 women in the English 
population. 

3. Results 

A total of 4271 women with cervical cancer diagnosed between the 
ages of 60-84y and 8437 age-matched women without cervical cancer 
were eligible for analysis corresponding to 34.9 million women-years of 
follow-up for cancer (in 2007–2018) (Table 1). The women in this study 
comprise 85% of cervical cancers diagnosed in England among women 
aged 60 to 69y, 74% in women aged 70-79y and 70% in women aged 80- 
84y. In the study, 31% of women with cervical cancer were aged 50-60y 
in 1988 when the organised screening programme was first introduced 

Table 1 
Characteristics of the study population.   

Cases Controls Cervical 
cancer rate 
per 100,000 N % N % PYa 

1000’s 

Total 4271 100% 8437 100% 34,756 12.3 
Birth cohort       

1928 to 1937 1312 31% 2596 31% 8906 14.7 
1938 to 1947 1886 44% 3733 44% 16,446 11.5 
1948 to 1956 1073 25% 2108 25% 9404 11.4 

Age at diagnosis       
60-64y 1254 29% 2477 29% 10,791 11.6 
65-69y 1000 23% 1973 23% 9049 11.1 
70-74y 804 19% 1583 19% 6672 12.1 
75-79y 817 19% 1623 19% 5574 14.7 
80-84y 396 9% 781 9% 2671 14.8 

Screening status 
between age 60- 
64y       
Screened 1528 36% 4885 58% 19,939 7.7 
Not screened 2743 64% 3552 42% 14,817 18.5 

Screening history 
between age 50- 
59y       
None (born 
from 1938) 

1424 33% 880 10% 3880 36.7 

None (born 
1928 to 1937) 

573 13% 720 9% 2372 24.2 

Abnormal 
screening 

437 10% 450 5% 1898 23.0 

Irregular 
screening 

409 10% 912 11% 3921 10.4 

One screen age 
55-59y (born 
1928 to 1937) 

305 7% 733 9% 2483 12.3 

Well screened 1123 26% 4742 56% 20,202 5.6 
Screening 

participation       
No screening 1856 43% 1309 16% 5267 35.2 
Screened 
irregularly 

1445 34% 3538 42% 14,472 10.0 

Screened 
regularly 

970 23% 3590 43% 15,169 6.4  

a Person years. 

5,064 women with cervical cancer aged
60-84y1

Cases eligible for analysis
4,271 aged 60-84yrs,

including 1,312 aged 50-60 in 1988

1,529 controls for cases
born before 1928

23 women had no
controls

9,966 aged matched women without
cervical cancer

770 women born before
1928

Controls eligible for analysis
8,437 aged 60-84yrs,

including 2,569 aged 50-60 in 1988

Fig. 1. Flowchart detailing eligibility for analysis.  
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and would not have been invited within the programme in their 30s nor 
40s. A further 44% were eligible for screening since their 40s (i.e., aged 
40–50 in 1988). Fig. 1 details the study inclusion criteria. 

The age distribution was skewed relative to the age distribution of 
cervical cancer each year due to eligibility criteria, Table 1. There were 
just 18 HPV primary screening tests, all of which were negative for HPV. 
Crude rates of cervical cancer decreased with increasing screening in
tensity regardless of the definition of screening exposure, Table 1. 

3.1. Impact of screening aged 60-64y on 25 year-risk of cervical cancer 
by screening history aged 50-59y 

The risk of cervical cancer was greatest in those with a previous 
abnormal screen age 50-59y and no tests between ages 60-64y; 10.01 in 
every 1000 developed cervical cancer over 25-years. Among those with 
an abnormal screen aged 50-59y, the difference in risk over 25-years 
between women screened aged 60-64y and women not screened aged 
60-64y was 4.34 per 1000 women, equivalent to one fewer cancer for 
every 230 women screened (Table 2). 

8.40 in a 1000 (95%CI: 7.78–9.07) women without a screening test 
between age 50–64y developed cervical cancer over a 25-year period 
(Table 2). Women with no tests age 50-59y but with a single test be
tween age 60 and 64y had a risk of 3.46 per 1000 (95%CI: 2.7–4.36). 
The absolute difference in risk is equivalent to one fewer cancers for 
every 202 such women screened. 

Among well-screened women with a test at ages 60-64y (i.e., those 
with a negative screening test both age 50-54y and 55-59y and no 
abnormal screen aged 50-59y), 1.59 per 1000 (95%CI: 1.42–1.78) 
developed cervical cancer over the next 25-years (Table 2). Having an 
extra test aged 60-64y in women well-screened (negatively) aged 50-59y 
was associated with one fewer cancer over the next 25y per 1587 
women. 

Analysis restricted to case-controls pairs matched on GP practice as 
well as age yielded similar results (Table S3). Results by age-group 
(Fig. 2) at diagnosis show the convergence of absolute risks with time 
since exiting screening at age 65y regardless of screening history age 50- 
59y. 

3.2. Population impact of one screen between ages 60-64y 

Under the assumption that the observed relative risks associated with 
screening are causal, the population impact of screening different groups 
of women currently aged 60-64y on cervical cancer rates (over 25-years) 
is presented in Table 2. 

Current annual rates of cervical cancer in England at ages 60-84y are 
9.3 per 100,000 women (Office for National Statistics, 2021) (equivalent 
to 12.1 per 100,000 women with a cervix). Projection of rates to the 
cohort of women with a cervix aged 65-69y in this study, suggest that 
their 25-year risk (from their 60th birthday) will be 3.58 per 1000. 
Screening at ages 60-64y since the year 2000 is projected to have 
reduced rates of cervical cancer in women aged 60-84y in England by an 
average of 0.60 per 1000 women (i.e., from 4.18 to 3.58 per 1000). 

Cervical cancer rates in women with a cervix in England over the age 
of 60y could be further reduced by 1.26 per 1000 (from 3.58 to 2.32 or 
by 35%) if all those not currently screened aged 60-64y were screened 
once between the ages of 60-64y. More than three quarters (1.02 per 
1000 or 28%) of this added benefit could be achieved by screening the 
20.7% who have not attended screening since age 50y. 

3.3. Impact of participation in screening 

The 20-year risk of cervical cancer following five-yearly screening 
between ages 50–64y was 1.60 in 1000 women (95%CI: 1.43–1.79); this 
risk increased to 2.55 in 1000 (95%CI: 2.35–2.76) for women who were 
screened irregularly between ages 50–64y. (Table 3). The risk in women 
not screened between ages 50–64y was 6.16 in 1000 (95%CI: Ta

bl
e 

2 
25

-y
ea

r 
ab

so
lu

te
 r

is
k 

an
d 

di
ffe

re
nc

e 
in

 r
is

k 
pe

r 
10

00
 w

om
en

.  

Sc
re

en
in

g 
hi

st
or

y 
ag

e 
50

- 
59

y 

Sc
re

en
in

g 
st

at
us

 
ag

e 
60

-6
4y

 
Ri

sk
s 

ar
e 

pe
r 

10
00

 w
om

en
 w

ith
 a

 g
iv

en
 s

cr
ee

ni
ng

 h
is

to
ry

 
Re

du
ct

io
n 

in
 th

e 
25

-y
ea

r 
ra

te
 o

f c
er

vi
ca

l c
an

ce
r 

pe
r 

10
00

 p
op

ul
at

io
n 

ag
ed

 6
0-

84
y 

as
so

ci
at

ed
 w

ith
 s

cr
ee

ni
ng

 a
t a

ge
s 

60
-6

4y
 

A
bs

ol
ut

e 
25

-y
ea

r 
ri

sk
 

pe
r 1

00
0 

w
om

en
 w

ith
 a

 
ce

rv
ix

 

D
iff

er
en

ce
 in

 2
5-

y 
ri

sk
 

pe
r 

10
00

 fo
r 

sc
re

en
in

g 
60

-6
4y

 

N
N

Sa 
to

 p
re

ve
nt

 
on

e 
ce

rv
ic

al
 

ca
nc

er
 

%
 o

f w
om

en
 in

 e
ac

h 
sc

re
en

in
g 

ca
te

go
ry

 
25

-y
ea

r 
ri

sk
 p

er
 

10
00

 in
 E

ng
la

nd
 

A
ch

ie
ve

d 
in

 
w

om
en

 w
ith

 a
 

ce
rv

ix
 

A
ch

ie
ve

d 
at

 
po

pu
la

tio
n 

le
ve

l 
A

ch
ie

va
bl

e 
in

 w
om

en
 

w
ith

 a
 c

er
vi

x,
 if

 a
ll 

sc
re

en
ed

 

A
ch

ie
va

bl
e 

at
 

po
pu

la
tio

n 
le

ve
l i

f a
ll 

sc
re

en
ed

 

N
o 

Sc
re

en
in

g 
N

on
e 

8.
40

 (
7.

78
, 9

.0
7)

 
4.

94
 (

3.
92

, 5
.9

6)
 

20
2 

(1
68

, 2
55

) 
20

.7
%

 
1.

74
   

1.
02

 (
0.

81
, 1

.2
3)

 
0.

80
 (

0.
81

, 0
.9

6)
 

Sc
re

en
ed

 
3.

46
 (

2.
75

, 4
.3

6)
 

2.
0%

 
0.

07
 

0.
10

 (
0.

08
, 0

.1
2)

 
0.

08
 (

0.
06

, 0
.0

9)
   

A
bn

or
m

al
 

sc
re

en
in

g 
N

on
e 

10
.0

1 
(6

.7
0,

 1
4.

95
) 

4.
34

 (
0.

11
, 8

.5
7)

 
23

0 
(1

17
, 9

09
1)

 
1.

2%
 

0.
12

   
0.

05
 (

0.
00

, 0
.1

0)
 

0.
04

 (
0.

00
, 0

.0
8)

 
Sc

re
en

ed
 

5.
67

 (
4.

48
, 7

.1
8)

 
4.

1%
 

0.
23

 
0.

18
 (

0.
01

, 0
.3

5)
 

0.
14

 (
0.

00
, 0

.2
8)

   
Ir

re
gu

la
r 

sc
re

en
in

g 
N

on
e 

3.
62

 (
3.

10
, 4

.2
1)

 
1.

29
 (

0.
65

, 1
.9

3)
 

77
5 

(5
18

, 1
53

8)
 

7.
9%

 
1.

14
   

0.
10

 (
0.

05
, 0

.1
5)

 
0.

08
 (

0.
04

, 0
.1

2)
 

Sc
re

en
ed

 
2.

33
 (

2.
02

, 2
.6

8)
 

5.
3%

 
0.

12
 

0.
07

 (
0.

04
, 0

.1
0)

 
0.

05
 (

0.
03

, 0
.0

8)
   

W
el

l s
cr

ee
ne

d 
N

on
e 

2.
22

 (
1.

71
, 2

.8
7)

 
0.

63
 (

0.
03

, 1
.2

3)
 

15
87

 (
81

3,
 

37
,0

37
) 

9.
8%

 
0.

22
   

0.
09

 (
0.

03
, 0

.1
4)

 
0.

07
 (

0.
02

, 0
.1

1)
 

Sc
re

en
ed

 
1.

59
 (

1.
42

, 1
.7

8)
 

49
.0

%
 

0.
78

 
0.

43
 (

0.
14

, 0
.7

2)
 

0.
33

 (
0.

11
, 0

.5
6)

   
Po

pu
la

tio
n 

av
er

ag
e 

   
10

0%
 

3.
58

b 
   

 

To
ta

l b
en

efi
t  

   
 

0.
77

 (
0.

26
, 1

.2
9)

 
0.

60
 (

0.
20

, 1
.0

1)
 

1.
26

 (
0.

89
, 1

.6
3)

 
0.

99
 (

0.
70

, 1
.2

7)
 

Im
pa

ct
 o

f o
ne

 s
cr

ee
n 

be
tw

ee
n 

ag
es

 6
0-

64
y 

by
 s

cr
ee

ni
ng

 h
is

to
ry

 a
ge

d 
50

–6
4y

 o
n 

ra
te

s 
of

 c
er

vi
ca

l c
an

ce
r 

ov
er

 2
5-

ye
ar

s 
at

 a
 p

op
ul

at
io

n 
le

ve
l a

nd
 a

m
on

g 
w

om
en

 w
ith

 a
 c

er
vi

x.
 

a
N

um
be

r 
ne

ed
ed

 to
 s

cr
ee

n 
(N

N
S)

. 
b

W
e 

fo
un

d 
th

e 
an

nu
al

 ri
sk

 p
er

 1
00

,0
00

 w
om

en
 to

 b
e 

14
.3

 ((
3.

58
/2

5)
*1

00
). 

N
ot

e 
th

at
 th

e 
pr

op
or

tio
n 

of
 w

om
en

 w
ho

 a
re

 u
ns

cr
ee

ne
d 

be
tw

ee
n 

ag
es

 5
0 

an
d 

64
 h

as
 in

cr
ea

se
d 

in
 re

ce
nt

 y
ea

rs
. I

f w
e 

ha
d 

us
ed

 th
e 

sc
re

en
in

g 
hi

st
or

y 
di

st
ri

bu
tio

n 
of

 c
as

es
 d

ia
gn

os
ed

 a
t a

ge
 7

5–
79

 (
in

st
ea

d 
of

 6
5-

69
y)

, t
he

 2
5-

ye
ar

 r
is

k 
pe

r 
10

0,
00

0 
w

om
en

 w
ith

 a
 c

er
vi

x 
w

ou
ld

 b
e 

12
.4

 w
hi

ch
 is

 v
er

y 
si

m
ila

r 
to

 1
2.

1 
th

e 
av

er
ag

e 
es

tim
at

ed
 fr

om
 th

e 
na

tio
na

l c
an

ce
r 

st
at

is
tic

s.
 

A. Castanon et al.                                                                                                                                                                                                                               



Preventive Medicine 149 (2021) 106625

5

5.64–6.72). These results support a dose-response (with screening in
tensity), i.e. a lower risk of cervical cancer with increased intensity of 
screening. Further, both the relative and absolute differences in risk 
decrease with increasing age (and increasing time from last screen). 

4. Discussion 

Screening intensity prior to age 65y is prognostic of risk thereafter. 
Women with regular screening between the ages of 50–64y are at low 
risk of cervical cancer up to age 84y. However, those who have not been 
screened at ages 50–64y (or those with positive screening tests) are at 
high risk of developing cervical cancer. 

Regardless of screening history at ages 50-59y, women who attend 
aged 60-64y are at lower risk thereafter. Whilst acknowledging that the 
magnitude of the impact of screening estimated here could be affected 
by confounding, we interpret this association as causal partly because 
there is a substantial body of evidence suggesting that cervical screening 
can greatly reduce the risk of cervical cancer (IARC, 2005). 

Since the underlying risk is so much greater in those not screened 
aged 50–59, the absolute benefit of a screen at ages 60-64y is eight times 
greater among women who were unscreened age 50-59y than among 
those who were well screened and had a test age 60-64y. Without 
screening about 8.4 per 1000 women (with a cervix) in England 
currently aged 60-64y would get cancer by age 84y, but a single test 
between aged 60-64y would prevent 4.9 of those 8.4 cancers. Five- 
yearly screening from age 50–64y (i.e., three screens) would prevent 
about 6.8 (i.e., 8.40 minus 1.59) of those cancers. 

A reduction in cervical cancer rates of 1 per 1000 women years could 
be achieved just by screening the 20.7% of women (with a cervix) who 

have not attended screening since age 50y once between ages 60-64y. If 
efforts were made to screen previous non-attenders once in their early 
60s, the cumulative effect over the next 40 years would be substantial. 

A similar study from Sweden (Wang et al., 2017) estimated 20y cu
mulative incidence to age 80y using a nationwide cohort. In well- 
screened women (aged 50–64y) incidence was 0.13%, similar to that 
observed in this study (0.16%) to age 84y. The cumulative incidence in 
unscreened women (no test age 51-65y) was lower in the Swedish study 
(0.50%) than observed here (0.84%). There are several plausible ex
planations for the differing result. The unadjusted 20y risk in unscreened 
women was 0.62% in this study suggesting results may not be sub
stantially different. Alternatively, the underlying incidence of cervical 
cancer could have been lower in Sweden than in England. 

Prior research looking at the impact of screening on mortality in 
older women has found lower risk of death among those screened prior 
to diagnosis. (Lonnberg et al., 2013; Rustagi et al., 2014; Pankakoski 
et al., 2019) In the UK only 18% of cervical cancers occur age 65 and 
over, whereas 47% of deaths occur in this age group. (Cancer Reaserch 
UK, 2020) Hence there is a clear benefit in screening older women to 
either prevent or diagnose cervical cancer earlier (Landy et al., 2015) 
ensuring better survival. 

The highest risk of cervical cancer after age 60y was among those 
who have abnormal test results (in their 50s) for whom the risk 
remained high for 25-years. A single additional screen aged 60-64y 
substantially reduces this risk, but it remains high and continued sur
veillance maybe warranted for this population. 

Results presented here reflect cytology-based screening that 
happened between 4 and 32 years ago. Some have cautioned against 
extrapolating past risk experience (especially in post-menopausal 

Fig. 2. Annual risk (constrained model) per 100,000 women (with a cervix) by age, screening history age 50-59y and screening age 60-64y.Text within each graph 
reports relative risks (RR) and 95% confidence intervals in parenthesis. 
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women) to today’s population. (Gravitt et al., 2018) Extrapolating the 
risk of cervical cancer in unscreened women in this study (0.84% from 
age 60-84y) backwards, we estimate the lifetime risk in unscreened 
women (from age 20-84y) to be 2.2% which reinforces the value of 
screening women aged 20 to 50y. This lifetime risks in unscreened 
women is similar to that reported in the literature for England. (Landy 
et al., 2018; Cancer Research UK, 2016) 

Absolute risk following one or more negative HPV tests may be much 
lower than those reported here. According to a recent Canadian study 
(Malagon et al., 2018) a woman who has participated in screening until 
age 55y and has a negative HPV test at age 55y, has about a 0.05% 
chance of getting cervical cancer after the age of 55y. This risk is suf
ficiently small as to make it difficult to justify further screening. What it 
does suggest is that risks reported here in screened women could 
potentially be halved following the introduction of HPV primary testing; 
and the benefits of screening previously unscreened women would be 
even greater. 

We have estimated absolute risks among women screened with 
cytology using a case-control design. The population-based study design 
means that we have information on over three-quarters of cancers 
diagnosed in England in women aged 60-84y. Obtaining screening data 
from the call/recall database eliminated recall bias. Hysterectomy is one 
of the most common surgical procedures with about 60,000 performed 
per year in England, (Redburn and Murphy, 2001) so we have adjusted 
absolute risks for hysterectomy rates. The risk of cervical cancer varied 
by birth cohort. Matching closely on birth date will have mitigated 
against this bias. By matching cases and controls on small-area geog
raphy and date of birth we have minimised the bias arising from dif
ferential opportunities for screening. 

Confounding due to social and behavioural factors could remain, in 
particular the fact that those who are at lower underlying risk of cervical 
cancer are also most likely to attend screening (self-selection bias). We 
have no data with which to make adjustments for such a bias. However 
the magnitude of the observed effects, the monotone dose response 
(with intensity of screening), the converging absolute risk with time 
since exiting screening at age 65y and the similarity between the esti
mated effect of screening using individual level exposure here (66% 
lower risk in screened vs unscreened at age 60–64, Fig. 2) and those 
estimated from trends at a population level (57% reduction in incidence 
rates) (Cancer Reaserch UK, 2018) following the introduction of 
screening, support the notion that risks observed over age 65 are largely 
due to screening. 

There is a posibiliy of misclasification of screening histories, par
ticulary among those who were aged 50 or over in 1988 since any 
screening they received prior to this may not have been recorded in the 
call/recall system. Imposing contraints will have limited the impact of 
this bias on the results. The constraints greatly reduced the variance in 
the absolute risks at older ages where data was sparce without signifi
cantly changing the overall goodness of fit. 

We have assumed that the inclusion of women into the dataset was 
independent of their screening history. However, if their inclusion were 
related to screening the bias would most likely be against screening. For 
example, we conjecture that cancers missed from the audit are more 
likely to be those diagnosed too late for treatment and that women who 
present very late are less likely to have participated in screening in their 
50s and 60s. 

Relative reductions in risk of cervical cancer reported in this study 
are likely to be generalisable to other setting with good quality 
screening, whereas absolute rates are particular to England. 

Our study adds to the growing literature informing the debate on 
approriate upper ages to discontinue screening and in particular to the 
suggestion that the upper age of screening should be dependent on 
previous screening participation and results. It benchmarks impact of 
cytology based cervical screening allowing for comparisons to HPV 
testing in the future and provides data to underpin modelling of the cost- 
effectiveness of screening women beyond age 65y. Ta
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5. Conclusion 

Results suggest the upper age of screening should be dependent on 
previous screening participation and results. Ultimately decisions on 
when to cease screening will depend on societies attitude to risk and 
available resources. However, given the low lifetime risk, it is safe for 
women with three negative tests after age 50y to exit cervical screening 
at age 65y. 

Ethics approval 

Ethical approval was obtained from the Liverpool Central Research 
Ethics Committee (ref 17/NW/0655). Data for this study are routinely 
collected as part of the audit of invasive cervical cancer, anonymised and 
quality assured by the PHE Population Screening Programmes. Access 
was facilitated by the PHE Office for Data Release (ODR1718_424). 

Role of the funding source 

This work was supported by a Cancer Research UK programme grant 
[grant number C8162/A27047]. The funder had no role in the prepa
ration of the manuscript or the decision to submit for publication. All 
authors had full access to the data in the study and accept responsibility 
to submit for publication. 

Data sharing statement 

Data is available upon request to the Public Health England Office for 
Data Release. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

Data for this study is based on information collected and quality 
assured by the PHE Population Screening Programmes. Access to the 
data was facilitated by the PHE Office for Data Release (ODR1718_424). 
In particular we would like to acknowledge Philippa Pearmain and 
Matthew C Palmer for their role in collating and quality assuring the 
data included in this study. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ypmed.2021.106625. 

References 

Cancer Reaserch UK, 2018. Cervical Cancer Incidence Trends Over Time. Available from. 
https://www.cancerresearchuk.org/health-professional/cance 
r-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-Two. 

Cancer Reaserch UK, 2020. Cervical Cancer Statistics. Available from. https://www.canc 
erresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/c 
ervical-cancer. 

Cancer Research UK, 2016. Cervical Cancer Risk. Available from. https://www.ca 
ncerresearchuk.org/health-professional/cancer-statistics/statistics-by-ca 
ncer-type/cervical-cancer#heading-Four. 

Castanon, A., Landy, R., Cuzick, J., Sasieni, P., 2014. Cervical screening at age 50-64 
years and the risk of cervical cancer at age 65 years and older: population-based case 
control study. PLoS Med. 11 (1), e1001585. 

Gravitt, P.E., Landy, R., Schiffman, M., 2018. How confident can we be in the current 
guidelines for exiting cervical screening? Prev. Med. 114, 188–192. 

Health and Social Care Information Centre, 2013. Cervical Screening Programme, 
England 2012–13 [16 Aug 2017]. Available from. http://content.digital.nhs.uk/cata 
logue/PUB11889/cerv-scre-prog-eng-2012-13-rep.pdf. 

IARC, 2005. Working Group on the Evaluation of Cancer Preventative Strategies. Cervix 
Cancer Screening. IARC Handbooks of Cancer Prevention, Editor. IARC Press, Lyon, 
France (302 p).  

Landy, R., Castanon, A., Dudding, N., Lim, A.W., Hollingworth, A., Hamilton, W., et al., 
2015. Cervical cytology and the diagnosis of cervical cancer in older women. J. Med. 
Screen. 22 (4), 207–212. 

Landy, R., Windridge, P., Gillman, M.S., Sasieni, P.D., 2018 Feb 15. What cervical 
screening is appropriate for women who have been vaccinated against high risk 
HPV? A simulation study. Int. J. Cancer 142 (4), 709–718. https://doi.org/10.1002/ 
ijc.31094. Epub 2017 Nov 10.  

Landy, R., Schiffman, M., Sasieni, P.D., Cheung, L.C., Katki, H.A., Rydzak, G., et al., 2020 
Feb 1. Absolute risks of cervical precancer among women who fulfill exiting 
guidelines based on HPV and cytology cotesting. Int. J. Cancer 146 (3), 617–626. 
https://doi.org/10.1002/ijc.32268. Epub 2019 Apr 8.  

Lonnberg, S., Nieminen, P., Luostarinen, T., Anttila, A., 2013. Mortality audit of the 
Finnish cervical cancer screening program. Int. J. Cancer 132 (9), 2134–2140. 

Malagon, T., Kulasingam, S., Mayrand, M.H., Ogilvie, G., Smith, L., Bouchard, C., et al., 
2018. Age at last screening and remaining lifetime risk of cervical cancer in older, 
unvaccinated, HPV-negative women: a modelling study. Lancet Oncol. 19 (12), 
1569–1578. 

Mukhopadhaya, N., Manyonda, I.T., 2013. The hysterectomy story in the United 
Kingdom. J. Midlife Health. 4 (1), 40–41. 

NHS Cervical Screening Programme, 2006. Audit of Invasive Cervical Cancers. Sheffield. 
updated December 2006. Available from: https://www.gov.uk/government/pu 
blications/cervical-screening-auditing-procedures. 

Office for National Statistics, 2018. National Life Tables, England, 1980-82 to 2015- 
2017, 25 Sep 2018: Available from. https://www.ons.gov.uk/peoplepopulationan 
dcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallife 
tablesenglandreferencetables. 

Office for National Statistics, 2021. Cancer Statistics Registrations, England (Series MB1) 
2007–2017. Available from. http://www.ons.gov.uk/peoplepopulationan 
dcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrati 
onstatisticsengland/previousReleases. 

Pankakoski, M., Anttila, A., Sarkeala, T., Heinavaara, S., 2019. Effectiveness of cervical 
cancer screening at age 65 - a register-based cohort study. PLoS One 14 (3), 
e0214486. 

Park, N., 2018. Estimates of the Population for the UK, England and Wales, Scotland and 
Northern Ireland: mid-2017. Available from. https://www.ons.gov.uk/peoplepop 
ulationandcommunity/populationandmigration/populationestimates/datasets/pop 
ulationestimatesforukenglandandwalesscotlandandnorthernireland. 

Redburn, J.C., Murphy, M.F., 2001. Hysterectomy prevalence and adjusted cervical and 
uterine cancer rates in England and Wales. BJOG 108 (4), 388–395. 

Reid, P.C., Mukri, F., 2005. Trends in number of hysterectomies performed in England 
for menorrhagia: examination of health episode statistics, 1989 to 2002-3. Bmj. 330 
(7497), 938–939. 

Rustagi, A.S., Kamineni, A., Weinmann, S., Reed, S.D., Newcomb, P., Weiss, N.S., 2014. 
Cervical screening and cervical cancer death among older women: a population- 
based, case-control study. Am. J. Epidemiol. 179 (9), 1107–1114. 

Saslow, D., Solomon, D., Lawson, H.W., Killackey, M., Kulasingam, S.L., Cain, J., et al., 
2012 May-Jun. American Cancer Society, American Society for Colposcopy and 
Cervical Pathology, and American Society for Clinical Pathology screening 
guidelines for the prevention and early detection of cervical cancer. CA Cancer J. 
Clin. 62 (3), 147–172. https://doi.org/10.3322/caac.21139. Epub 2012 Mar 14.  

Wang, J., Andrae, B., Sundstrom, K., Ploner, A., Strom, P., Elfstrom, K.M., et al., 2017. 
Effectiveness of cervical screening after age 60 years according to screening history: 
Nationwide cohort study in Sweden. PLoS Med. 14 (10), e1002414. 

A. Castanon et al.                                                                                                                                                                                                                               

https://doi.org/10.1016/j.ypmed.2021.106625
https://doi.org/10.1016/j.ypmed.2021.106625
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-Two
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer/incidence#heading-Two
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer#heading-Four
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer#heading-Four
https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/cervical-cancer#heading-Four
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0020
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0020
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0020
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0025
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0025
http://content.digital.nhs.uk/catalogue/PUB11889/cerv-scre-prog-eng-2012-13-rep.pdf
http://content.digital.nhs.uk/catalogue/PUB11889/cerv-scre-prog-eng-2012-13-rep.pdf
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0035
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0035
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0035
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0040
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0040
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0040
https://doi.org/10.1002/ijc.31094
https://doi.org/10.1002/ijc.31094
https://doi.org/10.1002/ijc.32268
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0055
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0055
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0060
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0060
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0060
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0060
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0065
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0065
https://www.gov.uk/government/publications/cervical-screening-auditing-procedures
https://www.gov.uk/government/publications/cervical-screening-auditing-procedures
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/datasets/nationallifetablesenglandreferencetables
http://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/previousReleases
http://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/previousReleases
http://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/cancerregistrationstatisticsengland/previousReleases
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0085
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0085
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0085
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/datasets/populationestimatesforukenglandandwalesscotlandandnorthernireland
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0095
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0095
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0100
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0100
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0100
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0105
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0105
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0105
https://doi.org/10.3322/caac.21139
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0115
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0115
http://refhub.elsevier.com/S0091-7435(21)00209-7/rf0115

	Impact of screening between the ages of 60 and 64 on cumulative rates of cervical cancer to age 84y by screening history at ...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Classification of screening exposure
	2.3 Data analysis

	3 Results
	3.1 Impact of screening aged 60-64y on 25 ​year-risk of cervical cancer by screening history aged 50-59y
	3.2 Population impact of one screen between ages 60-64y
	3.3 Impact of participation in screening

	4 Discussion
	5 Conclusion
	Ethics approval
	Role of the funding source
	Data sharing statement
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


