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Abstract
Objective Currently, women treated for high-grade cervical intraepithelial neoplasia
(CIN 2/3) are followed-up by cytology to monitor them for residual and recurrent
(post-treatment) disease. This systematic review and meta-analysis determine the
test performance of testing for high-risk types of the human papillomavirus (hrHPV),
cytology and co-testing (combined hrHPV testing and cytology) in predicting high-grade
post-treatment disease (CIN2+).
Methods Studies that compared at least two of three post-treatment surveillance methods, and were published between January 2003 and May 2011, were identified through
a bibliographic database search (PubMed, Embase.com and Wiley/Cochrane Library).
Identification of relevant studies was conducted independently by two reviewers with
a multi-step process. The reference standard used to diagnose post-treatment disease
was histologically confirmed CIN2+. Sensitivity, specificity, diagnostic odds ratios and
relative sensitivity and specificity were calculated for each study. Pooled estimates were
calculated using a random effects model if heterogeneity among studies was significant,
otherwise by using a fixed effects model. Estimates were reported with 95% confidence
intervals (95%CI).
Results Out of 2410 potentially relevant citations, 8 publications, incorporating 1513
treated women, were included. Pooled sensitivities were 0.79 (95%CI 0.72-0.85) for cytology, 0.92 (0.87-0.96) for hrHPV testing, and 0.95 (0.91-0.98) for co-testing. HrHPV
testing was more sensitive than cytology to predict post-treatment CIN2+ (relative
sensitivity 1.15; 95%CI 1.06-1.25). Pooled specificities were 0.81 (95%CI 0.74-0.86)
for cytology, 0.76 (0.67-0.84) for hrHPV testing and 0.67 (0.60-0.74) for co-testing.
HrHPV testing and cytology had a similar specificity (relative specificity 0.95, 95%CI
0.88-1.02).
Discussion This review indicates that the hrHPV test should be included in post-treatment
testing 6 months after treatment, because hrHPV testing has a higher sensitivity than
cytology in detecting high-grade post-treatment disease and has a similar specificity.
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Introduction
Women with high-grade cervical precursor lesions (Cervical Intraepithelial Neoplasia
grade 2 (CIN2) and grade 3 (CIN3)) are treated by local excision or ablation to prevent
progression to cervical cancer.1-2 Despite treatment, approximately 10.2% (95%CI
6.7-13.8)3 of these women are diagnosed with residual or recurrent (post-treatment)
high-grade disease.3-9 Because of this substantial risk, many countries use surveillance
strategies to identify post-treatment disease. These strategies fluctuate greatly between
countries in both content, including follow-up modalities like cervical cytology, testing
for high-risk types of the human papillomavirus (hrHPV) and colposcopy, either separately or in combination, and length of post-treatment surveillance.10-11
Current Dutch national guidelines recommend cervical cytological testing at 6, 12 and 24
months after treatment, and, if necessary, annually for five years until three consecutive
smears are read as normal.2 After three consecutive negative smears, women return
to five-yearly population-based routine screening. In contrast, treated women in the
United Kingdom have a cytological examination at six and 12 months after treatment
and, irrespective of the results, annual cytology for the subsequent nine years before
reconsidering a return to routine screening.12 In the United States annual cytology is
even recommended for at least 20 years.13 In summary, treated women are followed
more closely between two and 20 years before returning to population-based screening.
Besides cytology, several other risk factors, including cone margin status, positive endocervical curettage and age, have been studied to predict recurrent cervical disease.
However, these predictors are suboptimal.11 For excision margins, for instance, previous
studies, summarized in a review of Zielinski and colleagues, found that the sensitivity
varied between 39 and 100%.9 Besides, this characteristic has shown to be less sensitive than cytology or hrHPV testing in predicting post-treatment disease.9,14
More and more evidence is gathered concerning the use of hrHPV-testing during the
follow-up period, because the presence of hrHPV is not only a prerequisite for the development of primary high-grade CIN15, but also for the development of post-treatment
CIN.3, 6, 9, 11, 16-20 It is assumed that effective treatment not only removes the pre-malignant
lesion, but also eliminates the responsible hrHPV infection.17, 21 In women who develop
post-treatment CIN the hrHPV infection stays present and is therefore associated with
disease recurrence.11,17,21 The sensitivity of hrHPV-testing to detect post-treatment CIN
outweighs that of cytology (approximately 90% versus 75%)3, 9, 11, 16, 20, at the cost of
a lower9, 16 or similar3, 19-20 specificity. Because this is not a screening setting, but posttreatment surveillance of a potentially lethal disease, sensitivity is valued higher than
specificity. Strategies which include hrHPV testing are suggested as an alternative for
conventional post-treatment surveillance.4, 9-11, 14, 22 The majority of all treated women
clear their hrHPV infection within 6 months23 and have a significantly lower risk of
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developing post-treatment CIN3+ than women without hrHPV clearance.4, 6, 11, 14, 22 In
the surveillance of treated women combined testing with cytology and a hrHPV test
(cotesting) results in a negative predictive value of over 99% to detect those at risk of
developing post-treatment disease.6, 9, 14
Previously published systematic reviews have examined the value of hrHPV testing in
the context of post-treatment surveillance of CIN. All found a higher sensitivity for sole
hrHPV testing or co-testing, compared to sole cytological testing.3, 9, 11, 16, 19-20 The review
most recently published included studies up to 2007.16
We conducted this systematic review and meta-analysis to summarize and update
current knowledge of the value of cytology, hrHPV testing and co-testing used in posttreatment surveillance. Besides describing the individual studies, we also determined
the pooled sensitivity and specificity, diagnostic odds ratio and relative sensitivity and
specificity.

Material and Methods
Search strategy
We searched the databases of PubMed, Embase.com, Wiley/Cochrane Library and WHO
International Clinical Trials Registry for relevant studies published between January
2003 and April 2011. For this computer-aided search we used the following terms
(including synonyms and closely related words) as index terms and free-text words:
“vaginal smear” or “human papillomavirus” and “conisation” or “loop excision” or “CIN
lesions” and “randomized controlled trials” or “systematic reviews”. For the last two
concepts we used predefined filters. These searches were not limited by language of
publication. The example strategy for PubMed is presented in Supplementary Table
5.1 (S5.1). Previous systematic reviews or meta-analyses on the same subject as well
as references of retrieved articles were used to search for additional relevant studies that could have been missed by the electronic search. Identification of relevant
studies was conducted independently by two reviewers (MK and MU) with a multistep
process (Figure 5.1). First, titles of the full list of citations were reviewed, followed
by an assessment of abstracts of citations with potentially relevant titles. Disagreements were resolved by consensus. Finally, full-text articles of selected abstracts were
considered for introduction in the review. We developed a data extraction sheet based
on Cochrane guidelines24-25 to collect all relevant data from the studies, which was used
by two reviewers (MK and MU). Disagreements were resolved after discussion. The
following data were extracted: author, year and language of publication, country of
study, population characteristics, study design, true positive (TP), false positive (FP),
true negative (TN) and false negative (FN) values. The authors of papers which did not
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state the values to construct a 2x2 table were contacted. Two independent reviewers
(MK and MU) graded the methodological quality of the selected studies with a modified
version of the QUality Assessment of Diagnostic Accuracy Studies (QUADAS) tool.26 This
modified version consists of 11 items on methodological characteristics that have the
potential to introduce bias and are described in Supplementary Table 5.2 (S5.2). Items
were scored positive (criteria satisfied), negative (criteria not satisfied), or unclear. We
kept out two items (index test results blinded and relevant clinical information available)
because hrHPV testing is performed by an objective test and is independent of clinical
information. Furthermore we added the item “selection bias”. Disagreements between
the two extracting authors were resolved by consensus. Assessment of quality results
was categorized.

5

Figure 5.1 Study selection process for systematic reviews on accuracy of tests for detection of
rCIN2+
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Inclusion and exclusion criteria
To be included, both prospective and retrospective studies had to meet several inclusion
criteria: (1) women should have been treated for CIN2/3 by either conisation (laser
or coldknife) or LLETZ (Large Loop Excision of the Transformation Zone) procedure;
(2) posttreatment surveillance should include at least two out of the following three
methods; hrHPV testing, cytology, and/or co-testing (combined testing of cytology and
hrHPV) at six months after treatment; (3) the positive endpoint, residual or recurrent
high-grade post-treatment disease should be defined as a histological diagnosis of CIN2,
CIN 3, adenocarcinoma in situ (AIS), adenocarcinoma, or squamous cell carcinoma
(CIN2+). A negative endpoint should be defined as either a histological confirmation
of no, or low-grade, disease (CIN0/1), or a repetitive negative cytological test result.
Both studies in which hrHPV testing was performed by Hybrid Capture II (HCII), as studies in which this was performed by the polymerase chain reaction (PCR) method were
included. Both the sensitivities and negative predictive values of these tests to detect
post-treatment CIN3+ seem similar, being 100% and 99% respectively27 and show a
good agreement.28 In addition, we checked their similarity empirically by performing a
bivariate regression analysis with type of hrHPV test as dichotomous covariate.
For a study to be considered for pooling, we required colposcopic evaluation of all positive test results in all women. Positive test results were defined as abnormal cytological
test results, characterized as borderline dysplasia or worse, equivalent to atypical cells
of unknown significance (ASC-US) or worse, and as hrHPV tests, positive for any hrHPV
type.
Studies were excluded from this review, when they concerned the follow-up of women
treated for adenocarcinoma in situ (AIS) or low-grade cervical disease (CIN1). Other exclusion criteria were studies concerning the follow-up of pregnant women, HIV-infected
women, women exposed to diethylstilbestrol (DES) in utero, and studies concerning
prophylactic HPV vaccination. Also studies with a follow-up of less than 12 months were
discarded.

Statistical analysis
Outcome measures were the pooled estimates of sensitivity and specificity, the pooled
estimate of the diagnostic odds ratio (DOR), and the pooled estimates of relative sensitivity and relative specificity. The DOR was defined as the odds of a positive test result
in subjects with disease divided by the odds of a positive test result in subjects without
disease.29 The relative sensitivity was computed as the ratio of the sensitivity of the
hrHPV test tot the cytology test, and the relative specificity was computed analogously.
In order to select the appropriate pooling method, the heterogeneity among the studies of each outcome measure was tested with Cochran’s Q and quantified by I2.30-31
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If Cochran’s Q was significant, the effects were pooled using a random effects model
(REM)32, otherwise a fixed effects model (FEM) was used.
The sensitivity and specificity were pooled after applying the Freeman-Tukey double
arcsine transformation33-34 and presented with a Clopper-Pearson exact 95% confidence
interval (95%CI).35 The 95%CI of the DOR was based on the standard error of the
logarithm of the DOR. In all studies, cytology and hrHPV tests had been performed in all
women. Therefore the standard error of the relative sensitivity and relative specificity
was computed as the standard error of a relative risk of binary matched-pairs data.36 A
continuity correction of 0.5 was applied if the discordant cell frequencies equalled zero.
The DOR as a measure of the discriminatory power of a test assumes that the thresholds
between the different outcome categories remain constant over the included studies.37
To check this assumption, the Pearson correlation between the logit true positive rate
(TPR) and the logit false positive rate (FPR) was calculated for cytology, hrHPV testing
and co-testing.38 As a second check of heterogeneity across studies, Moses’ regression
model was fitted.39 Finally, to check whether the type of hrHPV test used, or quality
of the study differentially affected the sensitivity or specificity, a bivariate regression
analysis of sensitivity and specificity was performed using maximum likelihood estimation with type of hrHPV test or study quality as covariates.40
The sensitivity and specificity were pooled using R (version 2.13.0).41 The DOR was
pooled, and the Pearson correlation between the logit TPR and logit FPR and Moses’
regression model was fitted using Meta-DiSc (version 1.4).42 The relative sensitivity and
relative specificity were pooled in Review Manager (version 5.1.2)43, by importing the
standard errors from a spreadsheet analysis in Microsoft Excel (2003). The bivariate
regression analysis was performed in SAS (version 9.2). An effect with p-value <0.05
was considered statistically significant.

Results
The combined literature search identified 2410 citations. Of these, 2345 were excluded
on title and abstracts, leaving 65 citations for full text review. Finally 9 citations met
all criteria and were included in this review (Figure 5.1).4, 14, 28, 44-49 However, one study
was later excluded, as the author did not respond to repetitive questioning about study
design and results.28
The eight studies remaining were heterogeneous in study characteristics, like study
design, choice of hrHPV testing methods and the assessment of disease status at entry
and end of follow-up (Table 5.1). Concerning design, seven studies were prospective,
and one study was a case-control analysis. HrHPV testing was performed using HC2
testing in four studies, and PCR testing in three studies. In one study both techniques

5

2004 Brazil

2006 Spain

2006 USA

2006 Belgium

2010 NewZealand

Sarian47

Alonso14

Kreimer4

Verguts49

Smart48

2011 Netherlands 435/445

63/63

100/100

72/72

485/610

203/224

88/107

84/84

45† (10.8)

n.a.

4 (4.0)

6 (8.0)

32 (6.6)

24 (11.8)

11 (10.2)

10 (11.9)

24†

>24

18

24

24

20 (6-66)

17

23 (11-40)

Participant Recurrence* Follow-up
final/initial CIN2+ (%) in months
(range)

PCR

PCR

HC2

HC2

HC2
PCR

HC2

HC2

PCR

Prospective cohort study including 435 women (mean age 34.9 years, range 21-70) treated for CIN2/3
by LLETZ or conization between July 1988 and November 2004. Follow-up at six months after treatment
included hrHPV-testing, including genotyping, and cytology. Colposcopy was performed if abnormal
cytology (≥ASC-US) or hrHPV–positivity was present. For analyses, data was limited to 2 years of followup. Method of PCR- testing: GP5+/6+ PCR Method of cytology: partly glass slides, others not specified

Case control study (1:2) including 63 women (median age cases 40.9 years and controls 35.5 years)
treated for CIN 2/3 by LLETZ or conization between January 2001 and December 2007. Follow-up at
six months after treatment included hrHPV-testing, including genotyping, and cytology. Method of PCRtesting: type-specific HPVE6/E7 PCR. Method of cytology: liquid-based cytology, taken with Cervexbrush.

Prospective cohort study including 100 women (mean age 32 years, range 19-66), treated for CIN 2/3 by
LLETZ or conization between January 2007 and January 2008. Follow-up (mean 9 months; range 3-18)
included hrHPV-testing, cytology and colposcopy. Biopsies were taken if any suspect area was seen. One
woman with inadequate cytology was excluded from analyses. Method of cytology: liquid-based cytology,
taken with Cervexbrush.

Prospective cohort study including 72 women (mean age 40 years, range 22-78) treated for CIN2/3 by
LLETZ between February 2000 and February 2003. Follow-up at three to six months after treatment
included hrHPV, cytology and colposcopy. Biopsies were taken if any suspected area was present. Method
of cytology: liquid-based cytology, taken with Cervexbrush.

Prospective cohort study including 485 women (median age 24 years, range 21-28) treated for CIN2/3
by LLETZ between January 1997 and December 1998. Follow-up at 6 months after treatment included
hrHPV-testing, including genotyping, and cytology. For analyses, data from HC2 testing was used and
women with missing hrHPV test results were excluded. Method of PCR- testing: PGMY09/11 PCR. Method
of cytology: liquid-based cytology.

Prospective cohort study including 203 women (mean age 38.6 years, range 22-83) treated for CIN2/3
by LLETZ between May 1998 and October 2004. Follow-up at 6 months after treatment included
hrHPV-testing, cytology and colposcopy. Biopsies were taken if abnormal cytology (≥ASC-US) or hrHPV–
positivity was present. Women with two consecutive negative cytological smears and negative colposcopy
were considered negative for recurrence, irrespective of the hrHPV test result. Method of cytology: glass
slide, specimen taken with Ayre spatula and cytobrush.

Prospective cohort study including 88 women (mean age 34 years, range 20-60) treated for CIN2/3 by
LLETZ between March 2001 and December 2002. Follow-up at six months after treatment for hrHPVtesting, cytology and colposcopy. Biopsies were taken if cytology revealed HSIL, or if a suspect area was
present. Method of cytology: glass slide, specimen taken with Ayre spatula and endocervix brush.

Prospective cohort study including 84 women (mean age 34.3) treated for CIN2/3 by LLETZ between
February 1999 and June 2001. Follow-up at six months after treatment included hrHPV-testing, cytology
and colposcopy. Method of PCR- testing: type-specific HPVE6/E7 PCR. Method of cytology: not specified

hrHPV Study design
test

CIN= Cervical intraepithelial neoplasia; hrHPV= high-risk types of the human papillomavirus; LLETZ= large loop excision of the transformation zone; PCR= polymerase chain reaction;
HC2= Hybrid Capture 2 test; n.a.= not applicable
* includes all residual and recurrent disease, † For analyses data was limited to 2 years of follow-up.

Kocken46

Heymans45 2011 Belgium

2004 Italy

Cecchini44

Country

Year

Study

Table 5.1 Study characteristics of the individual studies that investigated the performance of hrHPV and cytology (6 months after treatment) in predicting
residual and recurrent high-grade disease.
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were performed. All studies collected samples for cytology and hrHPV-testing six months
after treatment. One study had a significant longer follow-up than all other included
studies.46 Therefore, data for this study was recalculated for a follow-up of 2 years.
In all studies combined, 1513 women had been treated for CIN2/3. The number of women per study varied between 63 and 485. The age of the participants ranged between
19 and 83 years. Treatment failure, expressed in terms of residual and recurrent CIN2+,
ranged from 4.0% to 11.9%. Recurrence rates of CIN2+, sensitivities as well as DORs
of the individual studies and pooled values at six months post treatment are shown in
Figure 5.2. The correlation between the logit TPR and logit FPR was not significant for all
diagnostic tests (cytology r=0.024, p=0.96; hrHPV r = 0.49, p = 0.18; and co-testing:
r = 0.42, p = 0.26). Moses’ linear regression model did not significantly improve the
constant model (cytology: p = 0.21, hrHPV: p = 0.80, and co-testing: p = 0.67), giving
further support for the assumption of a constant DOR over studies.

5

Figure 5.2 Meta-analysis of the sensitivity and specificity, including pooled estimates of testing 6
months after treatment with cytology, hrHPV or co-testing.Forest plots of sensitivity (left) and specificity (right).
Abbreviations: TP=true positives, FN= false negatives, TN= true negatives, FEM= fixed effects model, REM= random
effects model, DOR= diagnostic odds ratio.
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Diagnostic accuracy
The sensitivity of cytological testing 6 months after treatment in predicting post treatment CIN lesions varied between the studies between 0.67 and 1.0. For sensitivity,
the test for heterogeneity between studies was not significant (Q(7)=5.08, p=0.65;
I2=0.0%). The pooled sensitivity was 0.79 (95%CI 0.72-0.85). The specificity of cytology ranged from 0.64 to 0.91 and heterogeneity between studies was significant
(Q(7)=48.76, p<0.0001; I2=85.6%). The pooled specificity was 0.81 (95%CI 0.740.86). The pooled DOR of cytology was 13.81 (95%CI 9.17-20.80) and there was no
evidence for statistically significant heterogeneity (Q(7)=7.16, p=0.41; I2=2.2%).
In the studies the sensitivity of hrHPV-testing varied between 0.87 and 1.0. For sensitivity, the test for heterogeneity between studies was not significant (Q(7)= 6.04,
p=0.53; I2=0.0%). The pooled sensitivity was 0.92 (95%CI 0.87-0.96). The specificity
of hrHPV ranged from 0.57 to 0.88 and heterogeneity between studies was significant
(Q(7)=91.38, p<0.0001; I2=92.3%). The pooled specificity was 0.76 (95%CI 0.670.84). The pooled DOR of hrHPV testing was 34.68 (95%CI 18.87-63.73) and there was
no evidence for statistically significant heterogeneity (Q(7)=3.39, p=0.85; I2=0.0%).
The sensitivity of co-testing varied between 0.90 and 1.0. For sensitivity, the test for
heterogeneity between studies was not significant (Q(7)=5.41, p=0.61; I2=0.0%). The
pooled sensitivity was 0.95 (95%CI 0.91-0.98). The specificity varied between 0.36
and 0.78 and heterogeneity between studies was significant (Q(7)=47.26, p<0.0001;
I2=85.2%). The pooled specificity was 0.67 (95%CI 0.60-0.74). The pooled DOR of
co-testing was 35.86 (95%CI 17.59–73.11) and there was no evidence for statistically
significant heterogeneity (Q(7)=2.36, p=0.94; I2=0.0%).
A bivariate regression model was fitted to test the influence of the two types of hrHPV
tests, HC2 and PCR on sensitivity and specificity. Adding of the hrHPV test type as a
covariate explained 11.5% of the between-study variance for cytology, which was not
significant (t(7) = 1.25, p= 0.25). Also for hrHPV and co-testing the addition of the
hrHPV test type as a covariate explained a not significant part of the between-study
variance (hrHPV 7.7%, (t(7) = 0.81, p= 0.45) and co-testing 31.9%, (t(7) = 2.15, p=
0.07)).
Overall, hrHPV-testing after six months predicted post-treatment CIN with significantly
higher sensitivity (relative sensitivity 1.15; 95%CI 1.06-1.25 (Z=3.27, p=0.001)) than
cytology and a similar specificity (relative specificity 0.95; 0.88-1.02 (Z=1.53, p=0.13)).

Methodological quality of included studies
Table 5.2 summarizes the methodological quality of the 8 included studies. All studies
included a representative patient spectrum of women treated for high-grade cervical
disease. One case-control study was included and selection bias could not be excluded.45
We added this criterion and although most studies imply that women were continuously
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included, this was only explicitly mentioned in one study.44 The reference standard was
adequate in all studies. All studies defined a positive test result of post-treatment disease as a histological finding of CIN2+. A negative test result was verified by colposcopy
in five studies. In the three studies remaining a negative test result was verified by consecutive negative cytological smears.14, 45-46 One of these studies46 was a multi-cohort
study and in two of the three incorporated studies test results were confirmed with a
colposcopic examination in all women, and in the third study absence of disease was
confirmed by three consecutive negative cytological smears17. In every study all patients
were assessed within two years. Complete verification with the reference standard was
performed in four studies.4, 14, 47, 49 In three other studies not all patients were examined
by colposcopy, but were considered free of disease by cytological examination.14, 45-46
One study performed a colposcopy in all patients at 6 months after treatment, but
did not specify when colposcopies were performed later in follow-up.48 In none of the
studies hrHPV was part of the reference standard. Moreover, in most studies the reference standards were interpreted without knowing the results of the hrHPV-test. Only in
two studies women were referred on basis of the hrHPV test result.14, 46 For the casecontrol study this item could not be assessed.45 Of interest might be that only one study
explicitly mentions biopsy taking in all women irrespective of any test result4, in all
other studies biopsy taking is dependent of either visual impression14, 47-49 or abnormal
cytological test results.14, 44, 46-47 If present, uninterpretable results were mentioned in all
studies. Although in one study the percentage “missing” was higher in the group without
post-treatment disease than in the group diagnosed with posttreatment CIN2+ (13.7%
versus 5.9%), this difference was not significant (p=0.295, Fisher’s exact).4 Half of the
studies had no withdrawals to explain and the remaining studies dealt with this item
appropriately.
The included studies differed in only 3 items of the QUADAS list (Table 5.2); selection
bias, differential verification and blinding of reference test results. These three items
were each separately added as a dichotomous covariate to the bivariate regression
models that were also used to test the effect of the hrHPV test type. A rating of ‘+’ was
counted as present, a rating of ‘?’ or ‘–‘ as absent. Separate addition of each item as a
covariate did not improve the bivariate regression models of cytology, hrHPV-testing or
co-testing significantly (data not shown).

Discussion
In this systematic review we described the value of 6-month testing for cytology and/
or hrHPV in the surveillance of women treated for CIN2/3 and confirmed the advantage
of implementing hrHPV in the follow-up of women treated for high-grade CIN as found
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Heymans 201145

Smart 201048

Alonso 200614

Kreimer 20064

Verguts 200649

Sarian 200447

Cecchini 200444

Table 5.2 Summary of methodological quality. Review authors’ judgments about each methodological quality item for each included study.

Kocken 201146
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Representative spectrum?

+

+

+

+

+

+

+

+

Selection bias

?

-

?

?

?

?

?

+

Acceptable reference standard?

+

+

+

+

+

+

+

+

Appropriate timing of tests and verification of outcome?

+

+

+

+

+

+

+

+

Partial verification avoided?

+

+

+

+

+

+

+

+

Differential verification avoided?

-

-

?

-

+

+

+

+

Incorporation avoided?

+

+

+

+

+

+

+

+

Reference test results blinded?

-

?

+

+

+

+

+

+

Uninterpretable results reported?

+

+

+

+

+

+

+

+

Withdrawals explained?

+

+

+

+

+

+

+

+

Minus sign= negative score, plus sign= positive score, question mark= unclear whether item scores negatively or
positively

in previously conducted meta-analyses.3, 9, 11, 16, 19-20 HrHPV testing has a significantly
higher sensitivity than cytology, indicated by a relative sensitivity of 1.15 (95%CI 1.061.25), without decreasing the specificity (relative specificity 0.95, 0.88-1.02).
We measured the DOR to compare the three different tests (hrHPV, cytology and cotesting). The DOR of co-testing testing was higher than the DOR of hrHPV-testing or
cytology. This indicates that the overall discriminative power of co-testing is the best.
As approximately 10%3 of women treated for CIN2/3 develop high grade post-treatment
disease, it seems logical to choose a test that assures a minimal risk of high-grade
disease in this group and to select the test with the highest sensitivity. The pooled
sensitivity of co-testing was with 0.95 (95%CI 0.91-0.98) also higher than the sensitivity of sole cytological or hrHPV testing. However, the pooled specificity was only 0.67,
resulting in approximately 10% more women referred for repeat testing or colposcopy,
or both.

Sources of bias and potential sources of heterogeneity
The purposes of a quality assessment are to identify potential sources of bias and to
estimate their impact. The overall methodological quality of the included studies was
generally good (Table 5.2), however study characteristics between studies varied. For
instance, although the average age in most studies was approximately 35 years, one
study included women with a median age of 24 years (range 21-28).4 As both the prevalence of CIN and of hrHPV varies with age, this factor may influence the test accuracy

Review of post-treatment testing methods

95

across the studies. Another difference was that percentages of recurrence were given
for the total follow-up period. Most studies measured follow-up until 24 months after
treatment and by limiting the follow-up of Kocken et al. to two years46, studies became
more homogeneous. Another point to address is that we considered the first hrHPV
testing moment to be at 6 months after treatment. Yet, some studies performed hrHPV
tests before4, 47, 49 or after14, 48 6 months. Because hrHPV infections clear over time17, 21,
the risk of developing post-treatment disease will also diminish over time and this could
possibly affect the sensitivity of the test.
Other possible reasons for heterogeneity between the studies may be explained by
different collection methods of material (e.g. liquid based cytology versus conventional
glass slides) and different execution of the analyses (e.g. either single pathologist or
review of all cytology and/or histology).
Based on our methodological appraisal the most likely sources of bias are selection bias
and differential verification bias. Selection bias arises when women are not included in
a consecutive order. Only one of the cohort studies44 mentions the inclusion of patients
to be explicitly consecutive, the other studies only describe to include women within
a certain timeframe. However, the populations included in these studies seem to be
consecutive and are most likely comparable to one another. But, as for instance, this
would have resulted in an exclusion of more difficult cases, it could have resulted in a
lower number of false positives and false negatives and hence to increased estimates of
sensitivity and specificity.
Differential verification bias arises if two different reference tests are used and the
tests have different accuracy. Some of the studies included in our analysis avoided this
problem because they performed colposcopic examinations in all women, irrespective of
their test results.4, 44, 47, 49 However, only one study has, besides performing a colposcopy,
also taken a biopsy in all subjects to verify the presence, or absence, of cervical disease. Other studies only referred for exit-colposcopy when abnormal test results were
found.14, 46 Some studies did not specify when women were referred for colposcopy.48
These last studies are therefore prone to (detection) bias. Differential verification bias
could have resulted in an overestimation of both sensitivity and specificity. However,
women with repetitively negative cytological test results have a low risk of harbouring
high-grade disease46 and therefore we expect this type of bias to be of limited influence.
The included studies remained statistically heterogeneous concerning specificity. Consequently we used a random effect model to calculate the pooled estimates that were
heterogeneous. Until better-conducted studies, such as large randomized controlled
trials with histological verification of all subjects, independent of hrHPV or cytology
results, are available, the pooled estimate provides clinically relevant information.
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Study limitations
Our study provides evidence suggesting that hrHPV-testing is more accurate for the
diagnosis of post-treatment cervical disease than cytology. Although this is in line with
previous reviews, these results are based on a small number of studies.
Also our review is limited to a follow-up of two years as almost all included studies had
a follow-up restricted to this period and thereby hampering long-term information of the
different test performances. This information is relevant, as the risk of developing recurrent disease is significantly increased for over 10 years after treatment.5, 7, 18 Only two
studies were identified describing hrHPV testing in long-term follow-up.46, 50 One of these
studies excluded residual/recurrent disease developed within two years of treatment
and only described the performance of the hrHPV test. Therefore no comparison could
be made with the performance of cytology and this study was excluded for analysis
in this review.50 One study that described the long-term prediction of hrHPV and/or
cytology at 6 months after treatment remained.46
In this study the sensitivities of hrHPV and cytology in detecting post-treatment disease
decreased when the total follow-up time increased. For cytology, the sensitivity in the
total study with a follow-up up to 21.5 years was 66% (95%CI 55-76) compared to a
sensitivity of 78% in the first two years (Figure 5.2). For hrHPV testing, these values
were 72% (95%CI 61-81) and 87%, respectively. This could illustrate the acquisition
of new hrHPV types or re-infection/ reactivation of the same hrHPV types that will
eventually result in high-grade lesions. Another possibility might be the presence of
false negative HPV tests, due to integration of the viral DNA targeted in the HPV test in
the genome of the host cell.
Another limitation is that only 6-month testing is measured. Several studies indicated
that one test moment is insufficient to predict post-treatment disease and that therefore repeat testing should be performed.46,

50

However, although some authors have

described follow-up algorithms for post-treatment surveillance, pooling of these data
was not possible.
A final limitation is that although a large number of citations were reviewed, this review
might be subject to publication bias. However, the impact that publication bias has on
diagnostic accuracy systematic reviews is unknown.51

Conclusions
This review clearly indicates that post-treatment testing at 6 months after treatment
should include hrHPV testing. HrHPV testing after 6 months has a higher sensitivity
than and a similar specificity as cytology. The sensitivity of co-testing is even higher
than of the separate individual tests. As women treated for CIN2/3 have a high risk of
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developing recurrent disease, sensitivity is valued higher than specificity and therefore
hrHPV testing (or co-testing) should be incorporated in post-treatment surveillance. As
even the sensitivity of co-testing is not sufficiently high to rely on a single test moment,
repeat testing is necessary to identify all women at risk for post-treatment disease.46
Several studies already indicated that women testing negative for co-testing after 6
months could omit the 12-month test moment and return for monitoring at 24 months
after treatment. However, more information, especially on long-term recurrence and
cost-effectiveness is needed to recommend a definite follow-up algorithm.
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Supplementary Table 5.1 (S5.1) Search strategy using PubMed (April 6th, 2011)
(“Vaginal Smears”[Mesh] OR “Papillomaviridae”[Mesh] OR “DNA Methylation”[Mesh] OR “Biopsy”[Mesh:NoExp]
OR “Colposcopy”[Mesh] OR methylation*[tiab] OR colposcop*[tiab] OR smear*[tiab] OR papanicolaou[tiab]
OR hpv[tiab] OR papillomavir*[tiab] OR biops*[tiab]) AND (conizati*[tiab] OR conisati*[tiab] OR lletz[tiab] OR
letz[tiab] OR leep[tiab] OR (loop[tiab] AND (excision*[tiab] OR electroexcision*[tiab])) OR “Conization”[Mesh]
OR “Cervical Intraepithelial Neoplasia”[Mesh] OR cin[tiab] OR “cervical intraepithelial”[tiab] OR “Uterine Cervical
Dysplasia”[Mesh] OR ((cervical[tiab] OR cervix[tiab]) AND dysplas*[tiab])) AND ((randomized controlled trial[pt]
OR controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR randomly[tiab] OR
trial[tiab] OR groups[tiab]) OR ((review*[tiab] OR search*[tiab] OR survey*[tiab] OR handsearch*[tiab] OR handsearch*[ tiab]) AND (databa*[tiab] OR data-ba*[tiab] OR bibliograph*[tiab] OR electronic*[tiab] OR medline*[tiab]
OR pubmed*[tiab] OR embase*[tiab] OR Cochrane[tiab] OR cinahl[tiab] OR psycinfo[tiab] OR psychinfo[tiab] OR
cinhal[tiab] OR “web of science”[tiab] OR “web of knowledge”[tiab] OR ebsco[tiab] OR ovid[tiab] OR mrct[tiab] OR
metaregist*[tiab] OR meta-regist*[tiab] OR ((predetermined[tiab] OR pre-determined[tiab]) AND criteri*[tiab]) OR
apprais*[tiab] OR inclusion criteri*[tiab] OR exclusion criteri*[tiab]) OR (review[pt] AND systemat*[tiab]) OR “systematic review”[tiab] OR “systematic literature”[tiab] OR “integrative review”[tiab] OR “integrative literature”[tiab]
OR “evidence-based review”[tiab] OR “evidence-based overview”[tiab] OR “evidence-based literature”[tiab] OR “evidence-based survey”[tiab] OR “literature search”[tiab] OR ((systemat*[ti] OR evidencebased[ ti]) AND (review*[ti]
OR literature[ti] OR overview[ti] OR survey[ti])) OR “data synthesis”[tiab] OR “evidence synthesis”[tiab] OR “data
extraction”[tiab] OR “data source”[tiab] OR “data sources”[tiab] OR “study selection”[tiab] OR “methodological quality”[tiab] OR “methodologic quality”[tiab] OR cochrane database syst rev[ta] OR meta-analy*[tiab] OR
metaanaly*[tiab] OR metanaly*[tiab] OR meta-analysis[pt] OR metasynthesis[ tiab] OR metasynthesis[tiab] OR
meta-study[tiab] OR metastudy[tiab] OR metaethnograph*[tiab] OR meta-ethnograph*[tiab] OR Technology Assessment, Biomedical[mh] OR hta[tiab] OR health technol assess [ta] OR evid rep technol assess summ[ta] OR health
technology assessment[tiab]))
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Supplementary Table 5.2 (S5.2): Checklist for the Quality Assessment of Diagnostic Accuracy Studies (Quadas), modified version.26
nr

Item definition

Item question

Assessment

1

Representative
spectrum?

Was the spectrum of included
patients representative of the
patients who will receive the test in
practice?

Yes: patients treated by conisation (either LLETZ or
cone) for cervical intraepithelial neoplasia grade 2 or
3 (CIN2/3)
Unclear: reporting insufficient to assess this item
No: inclusion of healthy controls

2

Selection bias
avoided?

Were included women included on a
continuous basis?

Yes: women were explicitly included on a continuous
basis
Unclear: continuous selection is not explicitly
mentioned
No: women were not continuously included (e.g. case
control study)

3

Acceptable
reference
standard?

Is the reference standard likely
to correctly classify the target
condition?

Yes: histological confirmation of CIN2+ is considered
as presence of disease, absence of disease is either
confirmed by colposcopy or by repetitive negative
cytology results
Unclear: reporting insufficient to assess this item
No: no histological confirmation of presence of
disease or no repetitive negative cytology results

4

Acceptable
timing of tests
and verification
of outcome?

Is the time period between reference 'Yes' for all studies because all studies assessed
disease status within 2 years of follow-up.
standard and index test short
enough to be reasonably sure that
the target condition did not change
between the two tests?

5

Partial
verification
avoided?

Did the whole sample or a random
selection of the sample, receive
verification using a reference
standard of diagnosis?

'Yes' for all studies as all patients performed either a
colposcopy in all patients or were considered negative
for disease because of ≥2 cytological negative
smears:

6

Differential
verification
avoided?

Did all patients receive the same
reference standard regardless or do
some the index test result?

Yes: irrespective of the index test result the same
reference standard is performed
Unclear: reporting insufficient to assess this item
No: the result of the index test effected the policy
of verification (e.g. a positive hrHPV test results in
colposcopy) or different reference standards were
performed.

7

Incorporation
avoided?

Was the reference standard
independent of the index test (i.e.
the index test did not form part of
the reference standard)?

Yes: the hrHPV test is not part of the reference
standard
Unclear: reporting insufficient to assess this item
No: the hrHPV test is part of the reference standard

8

Index test
results blinded?

Not applicable. The performed hrHPV tests (both HCII
Were the index test results
interpreted without knowledge of the and PCR) are objective tests.
results of the reference standard?

9

Reference test
results blinded?

Yes: hrHPV test was performed prior to or
Were the reference test results
interpreted without knowledge of the simultaneously with reference test of hrHPV test
results were blinded
results of the index test?
Unclear: reporting insufficient to assess this item
No: hrHPV test was performed and assessed with
knowledge of the results of the reference standard

10

Clinical data
available?

Were the same clinical data available
when test results were interpreted
as would be available when the test
is used in practice?

11

Uninterpretable
results
reported?

Were uninterpretable or intermediate Yes: the number of patients with indeterminate hrHPV
test results reported?
test results has been reported
Unclear: reporting insufficient to assess this item
No: the number of patients with indeterminate hrHPV
test results has not been reported

12

Withdrawals
explained?

Were withdrawals from the study
explained?

Not applicable. The performance of the(automated)
hrHPV test is not influenced by the availability of
clinical data

Yes: the number of withdrawals has been reported
and reasons have been explained or there were no
withdrawals
Unclear: reporting insufficient to assess this item
No: the number of withdrawals has not been reported

5

