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Cytology interpretation after a change to HPV testing in 

primary cervical screening: Observational study from the 

English pilot

Matejka Rebolj, PhD 1; Christopher S. Mathews, BSc1; and Karin Denton, MBChB FRCPath2;  

for the HPV Pilot Steering Group

BACKGROUND: Overcalling of abnormalities has been a concern for using cytology triage after positive high- risk human 

papillomavirus (HPV) tests in cervical screening. METHODS: The authors studied the detection of cytological and histologi-

cal abnormalities at age 24 to 64 years, using data from the English HPV pilot. The pilot compared routine implementation 

of primary cervical screening based on cytology (N = 931,539), where HPV test results were not available before cytology re-

porting, with that based on HPV testing (N = 403,269), where cytology was only required after positive HPV tests. RESULTS: 

Revealed HPV positivity was associated with a higher direct referral to colposcopy after any abnormality (adjusted odds 

ratio [ORadj], 1.16; 95% confidence interval [CI], 1.14- 1.18). Laboratories with higher direct referral referred fewer persistently 

HPV- positive women after early recall. The detection of high- grade cervical intraepithelial neoplasia (CIN2+) after direct 

referral increased with an ORadj of 1.17 (95% CI, 1.13- 1.20) for informed versus uninformed cytology. Generally, the positive 

predictive value (PPV) of colposcopy for CIN2+ remained comparable under both conditions of interpreting cytology. In 

women 50 to 64 years old with high- grade dyskaryosis, however, the PPV increased from 71% to 83% after revealing HPV 

positivity (ORadj, 2.05; 95% CI, 1.43- 2.93). CONCLUSIONS: Quality- controlled cervical screening programs can avoid inap-

propriate overgrading of HPV- positive cytology. Cancer Cytopathol 2022;0:1-11. © 2022 The Authors. Cancer Cytopathology 

published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under the terms of 

the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the 

original work is properly cited. 
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INTRODUCTION

Women who are high- risk human papillomavirus (HPV)- 

positive in a cervical screening context are generally tri-

aged given the transience of most HPV infections. One of 

the most common triage tests internationally is cytology. 

In randomized trials, where cytology slides were prepared 

for all women and interpreted without knowledge of the 

HPV test result, cytology triage showed both safety and 

efficiency in preventing unnecessary colposcopy refer-

ral and biopsies.1,2 However, for routine screening out-

side a trial setting, cytology slides are prepared only after 

a positive HPV test. Because cytology relies on clinical 

interpretation of cellular changes, information on HPV 

positivity may make the screener more attentive to true 

abnormalities that would have otherwise been missed or 

dismissed. It could, however, also lead to overcalling of 

clinically insignificant cellular changes.

In a number of studies, cytological abnormalities 

were reported more frequently after HPV positivity had 

been revealed,3- 11 demonstrating the potential for an in-

creased colposcopy referral. A few studies also showed 

that some of the extra cytological abnormalities detected 

with “informed” cytology were in women who had high- 

grade cervical intraepithelial neoplasia (CIN2+) detected 

at colposcopy. However, these studies could not provide 

definitive data on either the CIN2+ detection or the pos-

itive predictive value (PPV) of a colposcopy because they 

tended to be undertaken in experimental settings (eg, as 

reviews of archived cytology slides). Thus, elucidating 

the effect of informed cytology on the overall perfor-

mance of HPV- based cervical screening requires further 

investigation.

The English HPV screening pilot was undertaken 

within the quality- controlled cervical screening program 

(CSP).12 Six laboratories implemented HPV- based screen-

ing in parallel with liquid- based cytology (LBC) screening. 

With LBC screening, samples were sent for HPV triage only 

after cytology had been reported. With HPV screening, all 

triage cytology was from women with positive HPV tests. 

Thereafter, the women’s clinical management depended on 

the grade of their abnormalities (Fig. 1).

Using these data, we studied how cytology report-

ing and the downstream consequences thereof were af-

fected according to whether a woman’s positive HPV 

test was unknown (LBC screening) or revealed (HPV 

screening).

MATERIALS AND METHODS

The Study Setting

The CSP routinely recalls women 25 to 49 years 

old every 3 years and those 50 to 64 years old every 

5 years. The first invitation is sent at 24.5 years. 

Abnormal cytology in squamous or endocervical cells 

is defined as borderline changes or worse (Supporting 

Table 1). The program follows published quality assur-

ance guidelines.13

For the pilot, 6 CSP laboratories partially con-

verted to HPV- based screening and continued to pro-

vide LBC screening to the remainder of their catchment 

areas.12,14,15 In all laboratories, the same staff handled cy-

tology slides from both HPV- based and LBC screening. 

The baseline testing in the first screening round started 

between May and August 2013, depending on the labo-

ratory, and was completed by the end of December 2016. 

Data continued to be collected for any follow- up tests. 

Most women involved had been invited by the program 

previously and thus were likely to have undergone LBC 

screening. It is unlikely that they had been previously 

screened with HPV testing because this was not offered 

routinely in England. Because HPV vaccine eligible co-

horts in the United Kingdom represent those born in or 

after 1990, by far the majority of women included in this 

analysis would not have been eligible for HPV vaccina-

tion routinely. We estimated, using national vaccination 

coverage data,16 that 94% of women screened in the pilot 

at younger than 30 years old had not been vaccinated. 

The remaining 6% were vaccinated while they were eligi-

ble to receive the vaccine through the national catch- up 

campaign at 16 to 17 years old. Older women undergo-

ing screening in 2013 to 2016 were unlikely to have been 

vaccinated.17,18

The laboratories used SurePath (BD, Sparks, MD) 

and ThinPrep (Hologic, Marlborough, MA) LBC systems 

(Supporting Table 2). HPV testing was undertaken using 

cobas 4800 (Roche, Rotkreuz, Switzerland), RealTime 

(Abbott, Wiesbaden, Germany), APTIMA (Hologic), 

and, for a smaller component of tests, Hybrid Capture 2 

(Qiagen, Gaithersburg, MD) tests.

In LBC screening, women with high- grade dys-

karyosis and those with borderline changes or low- grade 

dyskaryosis combined with a positive HPV test were di-

rectly referred to colposcopy; other women were returned 
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to age- appropriate routine recall (Fig. 1). In HPV- based 

screening, women with a positive HPV test showing bor-

derline cytological changes or worse were directly referred 

to colposcopy. Women with a positive HPV test and neg-

ative cytology were retested in an early recall at 12 months 

and were referred to colposcopy if they remained HPV- 

positive and had an incident cytological abnormality, or, 

in 3 laboratories, if they showed a persistent HPV16/18 

infection combined with negative cytology.15 Women 

with persistently positive HPV tests who were not referred 

at the 12- month early recall were retested again at 24 

months from baseline and referred to colposcopy if they 

remained HPV- positive. Women with negative HPV tests 

at baseline or any of the 2 early recalls were returned to 

routine recall.

Screening and colposcopy data until the end of 2019 

with dates, types of tests, and diagnoses were retrieved 

from the laboratory information systems. Information on 

cervical cancer diagnoses until the end of 2018 was re-

trieved from the English National Cancer Register.19 The 

unique English National Health Service (NHS) numbers 

were used for linkage.

Statistical Analysis

We excluded women who had recent cervical abnormali-

ties or any cervical cancer diagnosis before their first pilot 

test in 2013 to 2016, because those tests were likely made 

in response to earlier abnormalities. The remaining tests 

were considered to be routine primary screening tests. We 

also excluded women without a definitive diagnosis on 

screening and/or triage tests (0.7% for LBC and 0.2% for 

HPV testing).

We first studied whether revealing the positive 

HPV test result affected cytology interpretation. For 

both HPV- based and LBC screening, we calculated age- 

specific proportions of women with abnormal cytology 

requiring direct colposcopy referral after the baseline 

sample (Fig. 1). Because the English CSP does not auto-

matically cotest all samples for HPV and cytology, HPV 

screening algorithm no longer identifies HPV- negative 

women with high- grade dyskaryosis. Thus, under the 

assumption that revealed HPV positivity does not affect 

cytology interpretation, HPV- based screening should 

result in a slightly lower proportion of directly referred 

women than LBC screening. Abnormal cytology was 

stratified into borderline changes, low- grade dyskaryo-

sis, and high- grade dyskaryosis. Age was categorized as 

24 to 29, 30 to 49, and 50 to 64 years. Logistic regres-

sion odds ratios (OR) for informed cytology (in triage 

after primary HPV- based screening) versus uninformed 

cytology (as the primary screening test) were adjusted 

for women’s age, laboratory as a proxy for unmeasured 

local characteristics, and decile of index of multiple 

deprivation (IMD), which is a standard English area- 

based measure of deprivation.20 Higher IMD deciles are 

associated with lower deprivation.

Thereafter, the data were stratified by laboratory, 

and, within each laboratory, into consecutive 3- month 

periods (ie, calendar quarters). For each laboratory and 

calendar quarter, we calculated the ratio of the propor-

tions with a direct colposcopy referral after informed ver-

sus uninformed cytology. These ratios were standardized 

for age (<30 and ≥30 years) and IMD decile (deciles 1- 5 

vs deciles 6- 10) to represent the female population of 

Figure 1. Clinical management of women screened in the English cervical screening program and the pilot study. COLP indicates 
direct referral to colposcopy; ER, early recall at 12 months, which includes a colposcopy for women with persistently positive HPV 
tests and incident LBC abnormalities, and a 24- month early recall for other women with persistently positive HPV tests; HPV, human 
papillomavirus tests; LBC, liquid- based cytology; RR, routine recall (ie, a new invitation in 3 or 5 years depending on the woman’s age).
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England in 2013.21 If a laboratory was initially reporting 

more abnormalities with informed than with uninformed 

cytology (ie, exhibited a ratio higher than 1), we assumed 

that a downward trend toward the value of 1 would be 

indicative of a reduction in overgrading of cytology in 

women with positive HPV tests (learning curve).

We then investigated the downstream consequences 

of revealing the HPV infection. First, we studied the 

detection of CIN2+ after direct colposcopy referral for 

informed versus uninformed cytology and the associ-

ated PPV for CIN2+ of those colposcopies. ORs were 

calculated and adjusted as described above. For women 

with positive primary HPV tests, we also stratified these 

data by LBC system (ThinPrep and SurePath). Here, we 

estimated the sensitivity, specificity, PPV, and the nega-

tive predictive value (NPV) for CIN2+ of baseline triage 

cytology with exact binomial 95% confidence intervals 

(CI). CIN2+ were counted until the end of the episode, 

including both early recalls for women with initially neg-

ative triage cytology; cases diagnosed at early recall were 

considered missed by baseline triage cytology. ORs for the 

observed accuracy measures comparing ThinPrep with 

SurePath were adjusted for age, IMD decile, and HPV 

test type used in the laboratory (ie, detecting viral DNA 

vs mRNA). Second, we studied the relationship between 

direct referral and early recall referral. For each labora-

tory and calendar quarter, the proportions of women 

with direct referral were calculated as described above, 

using the numbers with a positive HPV test as the de-

nominator. The proportions of women with a positive 

HPV test, screened in the same laboratory and calendar 

quarter, who satisfied the criteria for colposcopy referral 

at early recall were calculated separately. Total referral was 

defined as the sum of direct and early recall referral out 

of all women with a positive HPV test in that laboratory 

and calendar quarter. All proportions were standardized 

to the English population as described above. R version 

3.6.1 was used for analyses.

RESULTS

Changes in Cytological Interpretation

The study included 931,539 women screened with 

LBC and 403,269 women screened with HPV testing 

(Table 1). Among these, 3.6% and 4.0%, respectively, 

were directly referred to colposcopy after abnormal cytol-

ogy (ORadj for informed vs uninformed cytology, 1.16; 

95% CI, 1.14- 1.18). Across all age groups, the increase 

in referrals associated with informed reading was high-

est for borderline changes (ORadj, 1.35; 95% CI, 1.30- 

1.40). The increase in low- grade dyskaryosis was smaller 

and limited to women younger than 50 (with ORadj 

consistently approximately 1.15). Although the report-

ing of high- grade dyskaryosis with informed reading only 

showed a very small increase in women younger than 30, 

it was significantly less frequent among women older than 

50 (ORadj, 0.81; 95% CI, 0.71- 0.93).

Figure 2 reports the ratios of standardized propor-

tions of women directly referred to colposcopy compar-

ing informed with uninformed cytology. As in Table 1, 

these ratios tended to be higher for borderline than for 

more severely abnormal cytology. However, they dif-

fered between the laboratories. Overall, laboratories 

1 through 4 tended to have ratios higher than 1 in-

dicating a higher frequency of reporting abnormalities 

associated with informed cytology. Overall, the ratios 

remained above 1 throughout the pilot’s first screen-

ing round. In laboratories 5 and 6, the ratios tended to 

be lower for all cytological grades than in laboratories 

1 through 4. There were few time- limited exceptions 

(eg, the very high ratio for low- grade dyskaryosis in 

laboratory 5 in 1 calendar quarter that was due to a 

drop in the reporting of abnormal uninformed cytology 

whereas the reporting of abnormal informed cytology 

remained similar as in the adjacent quarters).

Effect on CIN2+ Detection

Overall, informed reading was associated with a higher 

detection of CIN2+ at direct referral for all abnormal 

cytology grades combined (ORadj, 1.17; 95% CI, 1.13- 

1.20) (Table 1). This was particularly pronounced for 

women younger than 50 with borderline or low- grade ab-

normalities. In women older than 50, CIN2+ detection 

was similar for informed and uninformed cytology, even 

among those with high- grade dyskaryosis (ORadj, 1.00; 

95% CI, 0.86- 1.18).

Informed cytology was associated with a slightly 

higher PPV of baseline colposcopies for CIN2+, but 

this varied by age group (Table 2). Among women older 

than 50 with high- grade dyskaryosis, the PPV increased 

from 71% with uninformed to 83% with informed cy-

tology (ORadj, 2.05; 95% CI, 1.43- 2.93). For all ages 

combined, 4.5 women with informed borderline cytol-

ogy needed to be referred to detect one CIN2+. This 
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TABLE 1. Detection of Cytological Abnormalities and CIN2+ for Informed (Primary HPV- Based Screening) and Uninformed (Primary LBC Screening) 

Cytology Interpretation by Grade of Cytological Abnormality and Age Group

Age (y)

Reported Abnormal Cytology in the Screening Sample Detection of CIN2+ After a Cytologically Abnormal Screening Sample

Informed, No. (Per 100 

Screened)

Uninformed, No. (Per 100 

Screened)

OR
adj

 for Informed vs 

Uninformed (95% CI)

Informed, No. (Per 1000 

Screened)

Uninformed, No. (Per 1000 

Screened)

OR
adj

 for Informed vs 

Uninformed (95% CI)

24- 29

N screened 76,096 177,502 76,096 177,502

Borderline 2216 (2.9%) 3907 (2.2%) 1.30 (1.23- 1.37) 538 (7.1‰) 876 (4.9‰) 1.38 (1.24- 1.54)

Low- grade 2931 (3.9%) 6165 (3.5%) 1.14 (1.09- 1.19) 591 (7.8‰) 1018 (5.7‰) 1.37 (1.23- 1.52)

High- grade 2755 (3.6%) 6016 (3.4%) 1.07 (1.02- 1.12) 2406 (31.6‰) 5154 (29.0‰) 1.10 (1.04- 1.15)

Total 7902 (10.4%) 16,088 (9.1%) 1.16 (1.13- 1.20) 3535 (46.5‰) 7048 (39.7‰) 1.18 (1.13- 1.23)

30- 49

N screened 224,037 524,824 224,037 524,824

Borderline 2122 (0.9%) 3721 (0.7%) 1.37 (1.30- 1.45) 419 (1.9‰) 687 (1.3‰) 1.42 (1.26- 1.61)

Low- grade 2682 (1.2%) 5767 (1.1%) 1.16 (1.11- 1.21) 430 (1.9‰) 695 (1.3‰) 1.53 (1.36- 1.73)

High- grade 2248 (1.0%) 5382 (1.0%) 1.00 (0.95- 1.05) 1932 (8.6‰) 4347 (8.3‰) 1.07 (1.01- 1.13)

Total 7052 (3.1%) 14,870 (2.8%) 1.16 (1.13- 1.19) 2781 (12.4‰) 5729 (10.9‰) 1.17 (1.11- 1.22)

50- 64

N screened 103,136 229,213 103,136 229,213

Borderline 447 (0.4%) 713 (0.3%) 1.46 (1.30- 1.65) 47 (0.5‰) 92 (0.4‰) 1.20 (0.84- 1.72)

Low- grade 482 (0.5%) 1028 (0.4%) 1.09 (0.98- 1.22) 37 (0.4‰) 75 (0.3‰) 1.12 (0.75- 1.67)

High- grade 286 (0.3%) 810 (0.4%) 0.81 (0.71- 0.93) 229 (2.2‰) 522 (2.3‰) 1.00 (0.86- 1.18)

Total 1215 (1.2%) 2551 (1.1%) 1.11 (1.03- 1.19) 313 (3.0‰) 689 (3.0‰) 1.04 (0.91- 1.19)

24- 64

Total screened 403,269 931,539 403,269 931,539

Borderline 4785 (1.2%) 8341 (0.9%) 1.35 (1.30- 1.40) 1004 (2.5‰) 1655 (1.8‰) 1.39 (1.28- 1.51)

Low- grade 6095 (1.5%) 12,960 (1.4%) 1.15 (1.11- 1.18) 1058 (2.6‰) 1788 (1.9‰) 1.42 (1.32- 1.54)

High- grade 5289 (1.3%) 12,208 (1.3%) 1.02 (0.99- 1.06) 4567 (11.3‰) 10,023 (10.8‰) 1.08 (1.04- 1.12)

Total 16,169 (4.0%) 33,509 (3.6%) 1.16 (1.14- 1.18) 6629 (16.4‰) 13,466 (14.5‰) 1.17 (1.13- 1.20)

Abbreviations: CI, confidence interval; CIN2+, cervical intraepithelial neoplasia grade 2 or higher; HPV, high- risk human papillomavirus; LBC, liquid- based cytology; OR
adj

, odds ratio, adjusted for women’s age (in years), 

laboratory, and decile of Index of Multiple Deprivation.
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varied between 4.0 among women younger than 30 to 

9.1 among women older than 50. Among women with 

low- grade abnormalities detected through informed 

cytology, 5.5 needed to be referred overall to detect 1 

CIN2+, varying between 4.8 and 12.5 depending on 

the women’s age. Among those with high- grade abnor-

malities, 1.1 women needed to be referred to detect 1 

CIN2+, varying between 1.1 and 1.2 depending on the 

women’s age.

Although ThinPrep LBC sites had slightly lower 

HPV positivity in primary screening than SurePath sites 

(11.7% vs 12.2%; ORadj, 0.89; 95% CI, 0.87- 0.91), they 

had similar proportions of positive HPV tests followed by 

abnormal cytology triage (34.5% vs 32.9%; ORadj, 1.04; 

95% CI, 1.00- 1.09; P = .06; not tabulated). In ThinPrep 

sites, baseline triage cytology after a positive HPV test 

detected 69% (1842/2686) of all CIN2+, whereas in 

SurePath sites this was 73% (4787/6556) (ORadj, 0.83; 

95% CI, 0.75- 0.93) (Table 3). The specificity and the 

PPV were also somewhat lower in ThinPrep than in 

SurePath sites.

Direct, Early Recall, and Total 

Colposcopy Referral

Figure 3 shows that the laboratories with higher direct 

colposcopy referral tended to refer fewer women after 

early recall. The relationship was also observed within 

laboratories. In each laboratory, calendar quarters with 

higher direct referral tended to show lower early recall 

referral, compared to quarters with lower direct referral. 

Overall, this means that the increase in total referral was 

mitigated by a lower early recall referral.

Figure 2. Temporal trends in the ratios for the reporting of cytological abnormalities comparing informed (human papillomavirus 
[HPV]- based primary screening) versus uninformed (liquid- based cytology [LBC] primary screening) cytology interpretation, by 
cytological grade and laboratory. Note that relative detection was calculated for each laboratory, cytological grade, and calendar 
quarter including the period between the third quarter of 2013 and end of 2016 as: (the proportion of women with abnormalities 
after informed cytology in HPV- based primary screening)/(the proportion of women with abnormalities after uninformed cytology 
in LBC primary screening). Dashed line represents the point where the ratio equals 1.
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DISCUSSION

Main Findings

These population- based data from routine implemen-

tation of cervical screening in more than 1.3 million 

women showed that cytology informed by HPV positiv-

ity was associated with a 35% increase in the reporting of 

borderline changes and a 15% increase in the reporting 

of low- grade dyskaryosis. Although this resulted in an in-

creased colposcopy referral, the PPV for CIN2+ did not 

decline.

Strengths and Weaknesses

Apart from its size, the strength of our study is that the 

same laboratory personnel reported both informed and 

uninformed cytology in a national quality- assured screen-

ing program with exacting training requirements. Women 

were managed according to predefined protocols, with 

high levels of adherence.14 These data remain representa-

tive after the national roll- out of HPV- based screening, 

because the CSP continues to use the same quality as-

surance and clinical management protocols and the same 

testing platforms. A relative weakness of this study is that 

screening tests were not allocated in a random process. 

However, all comparisons between the 2 screening meth-

ods were adjusted for age and deprivation, the 2 principal 

factors associated with screening attendance and detec-

tion of abnormalities.22,23

Clinical Implications and Comparison 

With the Literature

Because colposcopy referral induces anxiety24 and in-

creases health care resource use, referrals need to be 

targeted to include women with the highest risk of an 

underlying CIN2+ lesion. With cytology informed by 

HPV positivity, the main concern was the potential for 

an increased referral of low- risk women. Our data are re-

assuring in this regard. Although more women younger 

than 50 were directly referred to colposcopy following 

TABLE 2. PPV for CIN2+ After Direct Colposcopy 

Referral for Informed (Primary HPV- Based Screening) 

and Uninformed (Primary LBC Screening) Cytology 

Interpretation by Grade of Cytological Abnormality 

Reported for the Screening Sample and Age Group

Age (y)

Cytology Interpretation

Colposcopies (PPV %)
OR

adj
 for Informed vs 

Uninformed (95% CI)Informed Uninformed

24- 29

Borderline 2110 (25) 3699 (24) 1.11 (0.98- 1.26)

Low- grade 2781 (21) 5775 (18) 1.26 (1.12- 1.41)

High- grade 2678 (90) 5701 (90) 0.97 (0.83- 1.13)

30- 49

Borderline 2041 (21) 3499 (20) 1.05 (0.91- 1.20)

Low- grade 2555 (17) 5344 (13) 1.36 (1.19- 1.56)

High- grade 2188 (88) 5045 (86) 1.20 (1.03- 1.40)

50- 64

Borderline 423 (11) 666 (14) 0.83 (0.56- 1.22)

Low- grade 450 (8) 967 (8) 1.08 (0.71- 1.64)

High- grade 277 (83) 734 (71) 2.05 (1.43- 2.93)

24- 64

Borderline 4574 (22) 7864 (21) 1.07 (0.97- 1.17)

Low- grade 5786 (18) 12,086 (15) 1.29 (1.18- 1.40)

High- grade 5143 (89) 11,480 (87) 1.14 (1.03- 1.27)

Abbreviations: CI, confidence interval; CIN2+, cervical intraepithelial neopla-

sia grade 2 or higher; HPV, high- risk human papillomavirus; LBC, liquid- based 

cytology; OR
adj

, odds ratio, adjusted for women’s age (in years), laboratory, 

and decile of Index of Multiple Deprivation; PPV, positive predictive value.

Numbers of CIN2+ lesions are reported in Table 1.

TABLE 3. Detection of CIN2+ Among Women With Positive HPV Tests With Informed Triage Cytology by 

Brand of LBC and the Outcome of Cytology Triage at Baseline

Baseline Cytology Outcome

ThinPrep SurePath ThinPrep vs SurePath

CIN2+ <CIN2 CIN2+ <CIN2 OR
adj

 (95% CI)a

Test+ 1842 3364 4787 6176

Test− 844 9046 1769 20,552

Sensitivityb 69% (67- 70) 73% (72- 74) 0.83 (0.75- 0.93)

Specificityc 73% (72- 74) 77% (76- 77) 0.83 (0.79- 0.88)

NPVd 91% (91- 92) 92% (92- 92) 1.00 (0.91- 1.10)

PPVe 35% (34- 37) 44% (43- 46) 0.70 (0.65- 0.76)

Abbreviations: A, test+/CIN2+; B, test−/CIN2+; C, test+/<CIN2; CI, confidence interval; CIN, cervical intraepithelial neoplasia; D, test−/<CIN2; HPV, high- risk 

human papillomavirus; LBC, liquid- based cytology; NPV, negative predictive value; OR
adj

, adjusted odds ratio.

In total, 129,404 women were screened in ThinPrep sites, and 273,865 were screened in SurePath sites. For proportions, numbers in parentheses are exact bino-

mial 95% CIs.
aAdjusted for age in years, decile of the Index of Multiple Deprivation, and the type of HPV test used in the laboratory.
bSensitivity = A/(A + B).
cSpecificity = D/(C + D).
dNPV = D/(B + D).
ePPV = A/(A + C).
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informed abnormal cytology, their colposcopies were just 

as likely to result in a diagnosis of CIN2+ as colposcopies 

following uninformed cytology. In women older than 50, 

the most interesting finding was a reduction in referral 

following high- grade dyskaryosis resulting in an increased 

PPV for CIN2+ and the same detection of CIN2+ as 

with uninformed cytology. It appears that when aware 

of a positive HPV test, cytoscreeners are better able to 

differentiate between abnormalities associated with the 

development of cervical cancer and abnormalities associ-

ated with hormone- related aging artifacts such as atrophy. 

Consistent with an Italian study,25 our data suggest that 

some of the additional direct colposcopy referrals after 

informed cytology may reflect referrals that would have 

been indicated at a later time point. An earlier referral, 

as compared with a delayed referral, has indirect clinical 

benefits for women with CIN2+ such as a reduced risk 

of nonadherence. Among women in the pilot for whom 

a referral decision was delayed to early recall, and who 

were followed up for 3 to 5.5 years, ~15% did not at-

tend testing at 1 or both recalls and a further 5% to 10% 

of those with persistently positive tests did not undergo 

a colposcopy.14 With direct referral, only ~3% of all re-

ferred women did not undergo a colposcopy.

The context of reading cytology informed by HPV 

positivity is similar to that of an unblinded slide review 

for women who developed cervical cancer. In the English 

CSP, false- negative cytology appears to explain fewer than 

3% of all cervical cancer cases.26 The upgrading of nega-

tive to abnormal cytology after unblinded review is most 

frequently made for recent slides27 and those often con-

tain the same HPV genotypes as the cancer tissue.28 These 

findings further reinforce the impression from our study 

that paying attention to the existing HPV infection while 

interpreting cytology may enhance prevention of cervical 

cancer through an earlier detection of progressive CIN2+.

Figure 3. The relationship between the proportions of women with a positive human papillomavirus (HPV) test who were referred 
to colposcopy directly after the baseline test and those who were referred after early recall and between the proportions of women 
with a positive HPV test who were referred directly and those who were referred either directly or after early recall (total referral), 
by laboratory and calendar quarter. Note that each unit represents a specific laboratory in a specific calendar quarter. The 6 different 
shapes represent the 6 pilot laboratories. The size of the unit represents the number of HPV- positive samples that the laboratory 
handled in a specific calendar quarter.
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Although this did not appear to negatively affect 

screening outcomes at the aggregate level, we nevertheless 

observed some local variation in the patterns of reporting 

informed cytology. Similar variations between screening 

units have been reported previously. In 10 Italian cen-

ters, the proportions of women with positive HPV tests 

whose triage cytology was reported as abnormal var-

ied between 20% and 57%.25 In a US study, informed 

cytology increased the detection of CIN2+ in 2 out of 

4 laboratories.5 We could not find a satisfactory expla-

nation for why we saw a variation in the English pilot 

study. There was no consistent pattern that would sep-

arate the laboratories with excess reported abnormalities 

from those without such an excess. The 6 laboratories 

used different screening technologies and had different 

working practices (eg, whether they employed checkers). 

Previous studies comparing cytology interpretation in all 

CSP laboratories found some differences but few true 

outliers with respect to the correlation between cytology 

interpretation and biopsy results.29 It is thought that the 

underlying differences in cytology reporting could be 

partially explained by population characteristics in the 

respective catchment areas,30 although local variation in 

colposcopy provision might also play a role. To standard-

ize the practice across the program, all staff undertake 

mandatory external quality assurance, and the whole CSP 

is carefully quality assured with reference to standards 

required for both process and outcome. All laboratories 

are staffed broadly in line with the British Association of 

Cytopathology code of practice,31 which requires a mini-

mum number of cytology slides to be read per laboratory 

each year (35,000), defines staffing roles and responsibil-

ities, limits the number of hours performing screening 

tasks (to 5 per day), defines recommended breaks during 

the working day, etc. The laboratories, furthermore, need 

to achieve a 14- day turnaround time for the reporting of 

the results. This allows them approximately 10 days for all 

laboratory processes including HPV testing and cytology. 

Although there is daily variation in the received workload, 

this can be smoothed over several days. All cytoscreeners 

undergo a 2- year mandatory training program in addition 

to their other qualifications, whereas pathologists must 

complete a specialized training in cervical cytology. All 

staff undergo mandatory update training every 3 years 

provided by approved training providers, ensuring aware-

ness of new developments and of any areas which have 

been found to cause problems anywhere in the CSP. By 

submitting all samples to a second, rapid, review, cyto-

screeners are monitored for the sensitivity of abnormal-

ity detection, whereas pathologists are monitored for 

specificity. All outcome measures are published to allow 

comparison between laboratories32 and any outliers are 

fully investigated. Within the pilot, the largest differences 

between informed and uninformed cytology were found 

for borderline changes; according to the British cytology 

morphology criteria, these changes are a positive finding 

and not an expression of uncertainty.33 The staff provid-

ing cytology interpretation in the pilot study were in-

structed to follow these morphological criteria whether or 

not the slides were from women with positive HPV tests, 

and this continues to be the case at present.34

A large English randomized trial (Manual 

Assessment Versus Automated Reading In Cytology) 

reported no differences in the detection of CIN2+ be-

tween the SurePath and ThinPrep systems in primary 

LBC screening.35 Danish and Dutch studies using 

routinely collected data, however, showed more pro-

nounced differences including a lower incidence of 

cervical cancer 6 years after a negative SurePath test 

compared with a negative ThinPrep test (adjusted haz-

ard radio, 0.71; 95% CI, 0.58- 0.87).36,37 When used for 

triage of women with positive HPV tests in the English 

CSP, the consequences of false- negative cytology are 

less profound because negative cytology is no longer a 

condition for a definitive return to routine recall. In 

our study, the differences between the 2 LBC systems 

used in triage were relatively small. Both ThinPrep and 

SurePath delayed the diagnosis of CIN2+ to early recall 

after negative baseline triage cytology in approximately 

30% of the cases.

In conclusion, implementation of HPV- based 

primary screening with cytology triage in a controlled 

manner, supported by rigorous cytology training and 

performance monitoring, does not lead to inappropriate 

overgrading of cytology. Rather, an earlier recognition 

of cytological abnormalities appears to partly explain 

why the detection of CIN2+ is increased in HPV- based 

screening compared with LBC screening.

FUNDING SUPPORT

Public Health England supported the epidemiological evaluation of 

the HPV pilot (ODR1718_428). Matejka Rebolj and Christopher 

Mathews were supported by Cancer Research UK (C8162/

A27047). Public Health England had a role in designing the pilot 



Original Article

10 Cancer Cytopathology  Month 2022

and in the collection of the data and commented on the manu-
script. Cancer Research UK had no role in designing the study, in 
the collection of the data, or in the writing of the manuscript.

CONFLICT OF INTEREST DISCLOSURES

Christopher S. Mathews held an honorary appointment at Public 
Health England to process the data for the pilot. Karin Denton re-
ports personal fees from Public Health England during the conduct 
of the study and travel support from Hologic outside the submit-
ted work; chairs the Public Health England Laboratory Clinical 
Professional Group, the HPV Development Group, and several 
groups related to the evaluation of self- sampling; was a consultant 
to the Scally Review of cervical screening in Ireland and the Royal 
College of Obstetricians and Gynaecologists review of cervical can-
cer audit in Ireland (both completed in 2019); and has prepared 
expert medicolegal reports for claimants and defendants, includ-
ing cases of cervical cancer. Matejka Rebolj reports grants from 
Public Health England during the conduct of the study and lecture 
fees from Hologic outside the submitted work, is a member of the 
Public Health England Laboratory Technology Group and HPV 
Self- Sampling Operational Steering Group and Project Board, and 
has attended meetings with various human papillomavirus assay 
manufacturers.

AUTHOR CONTRIBUTIONS

Matejka Rebolj: Conceptualization, methodology, formal analy-
sis, writing– original draft, and writing– review and editing. 
Christopher S. Mathews: Data management and writing– review 
and editing. Karin Denton: Conceptualization, methodology, and 
writing– review and editing. The Pilot Steering Committee was re-
sponsible for the study design of the pilot.

DATA AVAILABILITY

The data in this article belongs to the former Public Health England 
and the authors cannot provide access to the relevant data sets to 
third parties. Requests for data and pre- application advice should 
instead be made to Office for Data Release (ODR@phe.gov.uk).

REFERENCES

 1. Ronco G, Dillner J, Elfström KM, et al. Efficacy of HPV- based 

screening for prevention of invasive cervical cancer: follow- up of four 

European randomized controlled trials. Lancet. 2014;383:524- 532.

 2. Kitchener HC, Canfell K, Gilham C, et al. The clinical effectiveness 

and cost- effectiveness of primary human papillomavirus cervical 

screening in England: extended follow- up of the ARTISTIC random-

ized trial cohort through three screening rounds. Health Technol Assess. 

2014;18:1- 196.

 3. Aitken CA, Holtzer- Goor KM, Uyterlinde A, et al. The impact of 

knowledge of HPV positivity on cytology triage in primary high- risk 

HPV screening. J Med Screen. 2019;26:221- 224.

 4. Bergeron C, Giorgi- Rossi P, Cas F, et al. Informed cytology for triag-

ing HPV- positive women: substudy nested in the NTCC randomized 

controlled trial. J Natl Cancer Inst. 2015;107:dju423.

 5. Wright TC Jr, Stoler MH, Aslam S, Behrens CM. Knowledge of 

patients’ human papillomavirus status at the time of cytologic re-

view significantly affects the performance of cervical cytology in the 

ATHENA study. Am J Clin Pathol. 2016;146:391- 398.

 6. Richardson LA, El- Zein M, Ramanakumar AV, et al. HPV DNA test-

ing with cytology triage in cervical cancer screening: influence of re-

vealing HPV infection status. Cancer Cytopathol. 2015;123:745- 754.

 7. Martins TR, Longatto- Filho A, Cohen D, et al. Influence of prior 

knowledge of human papillomavirus status on the performance of cy-

tology screening. Am J Clin Pathol. 2018;149:316- 323.

 8. Doxtader EE, Brainard JA, Underwood D, Chute DJ. Knowledge of 

the HPV status biases cytotechnologists’ interpretation of Pap tests 

originally diagnosed as negative for intraepithelial lesion or malig-

nancy. Cancer Cytopathol. 2017;125:60- 69.

 9. Moriarty AT, Nayar R, Arnold T, et al. The Tahoe study: bias in the 

interpretation of Papanicolaou test results when human papillomavi-

rus status is known. Arch Pathol Lab Med. 2014;138:1182- 1185.

 10. Benoy IH, Vanden Broeck D, Ruymbeke MJ, et al. Prior knowledge 

of HPV status improves detection of CIN2+ by cytology screening. 

Am J Obstet Gynecol. 2011;205:e561- 567.

 11. Cormier K, Schaaf M, Hamilton S, Tickman RJ, Perez- Reyes N, 

Sturgis CD. NILM Pap slides from women 30 years of age and older 

with positive high- risk HPV DNA. Focused rescreening prior to re-

port issuance, an enhanced quality control measure. Am J Clin Pathol. 

2014;141:494- 500.

 12. Rebolj M, Rimmer J, Denton K, et al. Primary cervical screening with 

high risk human papillomavirus testing: observational study. BMJ. 

2019;364:l240.

 13. United Kingdom Government. Guidance. Cervical screening pro-

gramme: standards. Accessed July 15, 2021. https://www.gov.uk/

gover nment/ publi catio ns/cervi cal- scree ning- progr amme- stand ards

 14. Green LI, Mathews CS, Waller J, Kitchener H, Rebolj M. Attendance 

at early recall and colposcopy in routine cervical screening with 

human papillomavirus testing. Int J Cancer. 2021;148:1850- 1857.

 15. Rebolj M, Brentnall AR, Mathews C, et al. 16/18 genotyping in triage 

of persistent human papillomavirus infections with negative cytology 

in the English cervical screening pilot. Br J Cancer. 2019;121:455- 463.

 16. Checchi M, Mesher D, Mohammed H, Soldan K. Declines in ano-

genital warts diagnoses since the change in 2012 to use the quad-

ruvalent vaccine in England: data to end 2017. Sex Transm Infect. 

2019;95:368- 373.

 17. Mesher D, Panwar K, Thomas SL, Beddows S, Soldan K. Continuing 

reductions in HPV 16/18 in a population with high coverage of bi-

valent HPV vaccination in England: an ongoing cross- sectional study. 

BMJ Open. 2016;6:e009915.

 18. Cameron RL, Kavanagh K, Pan J, Love J, Cuschieri K, Robertson 

C, et al. Human papillomavirus prevalence and herd immunity after 

introduction of vaccination program, Scotland, 2009- 2013. Emerg 

Infect Dis. 2016;22:56- 64.

 19. Henson KE, Elliss- Brookes L, Coupland VH, et al. Data resource pro-

file: National Cancer Registration dataset in England. Int J Epidemiol. 

2020;49:16- 16h.

 20. Department for Communities and Local Government. The English 

Index of Multiple Deprivation (IMD) 2015- Guidance. Accessed 

October 30, 2018. https://assets.publi shing.servi ce.gov.uk/gover 

nment/ uploa ds/syste m/uploa ds/attac hment_data/file/46443 0/Engli 

sh_Index_of_Multi ple_Depri vation_2015_- _Guida nce.pdf

 21. Office for National Statistics. Populations by sex, single year of age 

and Index of Multiple Deprivation (IMD), England, 2001 to 2017. 

Accessed October 22, 2019. https://www.ons.gov.uk/peopl epopu 

latio nandc ommun ity/popul ation andmi grati on/popul ation estim ates/

adhoc s/00931 6popu latio nsbys exsin gleye arofa geand index ofmul tiple 

depri vatio nimde nglan d2001 to2017

 22. Rebolj M, Parmar D, Maroni R, Blyuss O, Duffy SW. Concurrent 

participation in screening for cervical, breast, and bowel cancer in 

England. J Med Screen. 2020;27:9- 17.

 23. Kitchener HC, Almonte M, Gilham C, et al. ARTISTIC: a random-

ized trial of human papillomavirus (HPV) testing in primary cervical 

screening. Health Technol Assess. 2009;13:1- 150.



11Cancer Cytopathology  Month 2022

Interpretation of HPV- positive cytology/Rebolj et al

 24. O’Connor M, Gallagher P, Waller J, Martin CM, O’Leary JJ, Sharp 

L. Adverse psychological outcomes following colposcopy and related 

procedures: a systematic review. BJOG. 2016;123:24- 38.

 25. Ronco G, Zappa M, Franceschi S, et al. Impact of variations in tri-

age cytology interpretation on human papillomavirus– based cervical 

screening and implications for screening algorithms. Eur J Cancer. 

2016;68:148- 155.

 26. Public Health England. Cervical screening: invasive cervical cancer 

audit 2013 to 2016. Accessed September 9, 2021. https://www.gov.

uk/gover nment/ publi catio ns/cervi cal- scree ning- invas ive- cervi cal- 

cance r- audit - 2013- to- 2016

 27. Castanon A, Ferryman S, Patnick J, Sasieni P. Review of cytology and 

histopathology as part of the NHS Cervical Screening Programme 

audit of invasive cervical cancers. Cytopathology. 2012;23:13- 22.

 28. Zielinski GD, Snijders PJ, Rozendaal L, et al. HPV presence precedes 

abnormal cytology in women developing cervical cancer and signals 

false negative smears. Br J Cancer. 2001;85:398- 404.

 29. Blanks RG. Using a graph of the abnormal predictive value versus 

the positive predictive value for the determination of outlier labora-

tories in the National Health Service cervical screening programme. 

Cytopathology. 2010;21:379- 388.

 30. Blanks RG, Moss SM, Denton K. Improving the NHS cervical 

screening laboratory performance indicators by making allow-

ance for population age, risk and screening interval. Cytopathology. 

2006;17:323- 338.

 31. British Association for Cytopathology. Recommended code of practice 

for cytology laboratories participating in the UK cervical screening 

programmes (2015, updated 2017). Accessed February 22, 2022. 

http://www.briti shcyt ology.org.uk/resou rces/BAC_Code_of_Pract 

ice20 15_- _2017_update.pdf

 32. National Health Service Digital. Cervical Screening Programme, 

England -  2019- 20. National statistics. Accessed November 29, 2020. 

https://digit al.nhs.uk/data- and- infor matio n/publi catio ns/stati stica l/

cervi cal- scree ning- annua l/engla nd- - - 2019- 20

 33. Denton KJ, Herbert A, Turnbull LS, et al. The revised BSCC ter-

minology for abnormal cervical cytology. Cytopathology. 2008;19: 

137- 157.

 34. Public Health England. Guidance. Cervical screening: guidance for 

laboratories providing HPV testing and cytology services in the NHS 

Cervical Screening Programme. Updated February 4, 2021. Accessed 

September 11, 2021. https://www.gov.uk/gover nment/ publi catio ns/

cervi cal- scree ning- labor atory - hpv- testi ng- and- cytol ogy- servi ces/cervi 

cal- scree ning- guida nce- for- labor atori es- provi ding- hpv- testi ng- and- 

cytol ogy- servi ces- in- the- nhs- cervi cal- scree ning- progr amme

 35. Kitchener HC, Blanks R, Dunn G, et al. Automation- assisted versus 

manual reading of cervical cytology (MAVARIC): a randomized con-

trolled trial. Lancet Oncol. 2011;12:56- 64.

 36. Rozemeijer K, Naber SK, Penning C, et al. Cervical cancer incidence 

after normal cytological sample in routine screening using SurePath, 

ThinPrep, and conventional cytology: population based study. BMJ. 

2017;356:j504.

 37. Rebolj M, Rask J, van Ballegooijen M, et al. Cervical histology after 

routine ThinPrep or SurePath liquid- based cytology and computer- 

assisted reading in Denmark. Br J Cancer. 2015;113:1259- 1274.


